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(57) Abregé/Abstract:
he Iinvention relates to a device (1) for calibrating a sintered molded part (2) having a helical gear (3) by means of a calibration tool
(4). Said device (1) comprises a female die (15) that is used for receiving the sintered molded part (2) and has an external gear

e
SR
v N S S [ [
- -h." . .\ ' \I\A '
‘
et L /1

C an a d a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC CTIPO
OPIC - CIPO 191 SRR




CA 2681745 A1 2008/10/16

en 2 681 745
13) A1

(57) Abrege(suite)/Abstract(continued):

(23). The device (1) further comprises a male die (8) which Is mounted to be vertically movable and axially rotatable and has an
external gear (21), and a matrix (14) that iIs mounted to be axially rotatable and has an internal gear (24). The female die (15) Is
mounted to be movable exclusively in a vertical direction.
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Abstract

The invention describes a device (1) for calibrating a sintered moulded part (2) with an angu-
lar toothing (3) by means of a calibrating tool (4), comprising a lower punch (15) for mount-
ing the sintered moulded part (2) with a lower punch external toothing (23), a vertically mov-
able and axially rotatably mounted upper punch (8) with an upper punch external toothing

(21), as well as an axially rotatably mounted die (14) with a die internal toothing (24). The

lower punch (15) is mounted to be moveable only in vertical direction.

(Fig. 1)
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Device and method for calibrating a sintered molded part

The invention relates to a device for calibrating a sintered moulded part with an angular tooth-
Ing by using a calibrating tool, comprising a lower punch for mounting the sintered moulded
part with a lower punch external toothing, a vertically movable and axially rotatably mounted
upper punch with an upper punch external toothing, and an axially rotatably mounted die with
a die mnternal toothing as well as a method for calibrating a sintered moulded part with an an-
gular toothing with a calibrating tool, comprising a lower punch with a lower punch external
toothing, a vertically movable and axially rotatably mounted upper punch with an upper
punch external toothing, and an axially rotatably mounted die with a die internal toothing,
according to which the sintered moulded part is placed on the lower punch and positioned on
the latter, then the upper punch is lowered in the direction of the sintered moulded part and in
this way the sintered moulded part and the lower punch are lowered in the direction of the die

and thus the angular toothing of the sintered moulded part is pressed into the die internal

toothing

From US 7,025,929 B a method is known for subsequently compacting the teeth of a gear-
wheel with an angular toothing. For this after compacting the powder and subsequent sinter-
ing the latter is pushed by a punch through a die, which on the inner surface has a toothing
that 1s complementary to the gearwheel. By means of this pushing through the areas of the
toothing close to the surface are compacted further. The gearwheel is moved exclusively by

an axial helical-like movement though the die. The die comprises a plurality of part dies

which are separated from another by means of separating discs.

DE 698 22 572 T2 describes a device for adjusting the size of the tooth profile of angular
gearwheels, which comprises a lower stamp, whereby a gearwheel blank with teeth formed
thereon is set up to be placed on the latter, an upper stamping means which can be moved
vertically to press the gearwheel blank downwards and a size adjusting measurement form
which 1s set up so that the internal circumferential teeth thereof are in engagement with the
gearwheel blank pressed by the upper stamp, in order to adjust the size of the tooth profile of
the gearwheel blank. The lower stamp comprises a first and a second lower stamp, whereby
the second lower stamp is set up to support a said gearwheel blank which is placed thereon in

a non-rotatable manner and the first lower stamp is axially rotatable about the second lower
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stamp and has external circumferential teeth thereon, whereby the size adjusting measurement
form can be moved axially rotatably and vertically, whereas its inner circumferential teeth are
moved mto engagement with the external circumferential teeth of the first lower stamp, and
whereby the upper stamping means is axially rotatable and provided with external circumfer-
ential teeth, which come into engagement with the inner circumferential teeth of the size ad-
justing measurement form. Furthermore, said DE-T2 describes a method for adjusting the size
of tooth profiles of angular gearwheels, after a gearwheel blank with teeth formed thereon is
positioned non-rotatably on a lower stamp, then the size of the tooth profile of the gearwheel
blank 1s adjusted by pressing the gearwheel blank downwards with an upper stamping means
into a size adjusting measurement form, whereas the teeth of the gearwheel blank and external
circumferential teeth of the upper stamping means are in engagement with the internal
circumferential teeth of the size adjusting measurement form and - on completing the size
adjusting step -, the size adjusting measurement form is released out of engagement with the
upper stamping means and the gearwheel blank by rotating and lowering the size adjusting

measurement form and moving the upper stamping means upwards and the gearwheel blank is

removed.

The objective of the invention is to provide a simple device for calibrating a sintered moulded

part with an angular toothing and a method that is simple to perform.

This objective is achieved independently in that in the device according to the invention the
lower punch is mounted so as to move only vertically, and in the method according to the
invention the direction of movement of the lower punch after reaching a lower end position 1s
reversed and the calibrated sintered moulded part is moved by the vertical movement of the

lower punch upwards out of engagement with the internal toothing of the die.

It 1s an advantage in this case that by having the lower punch only being able to move in ver-
tical direction the movement sequence of the tool can be simplified, in that an additional drive
device for the rotational movement of the lower punch, as is known from the prior art, can be
dispensed with. In addition, the bearing of the die can be performed more easily as the finally
calibrated sintered component is ejected by an upwards movement of the lower punch. As a
result it 1s possible to design the feeding and removal devices of the sintered component to-

wards and from the tool to be simpler, as the feeding of the blank is performed on one plane
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or at the same height as the removal of the finally calibrated sintered component. In this way

it 1s easier to automate the device or method for calibrating a sintered moulded part. In addi-

tion, no additional masses have to be moved vertically so that the energetic balance of the

devices 1s more favourable.

It 1s also possible for the die to be mounted to be only rotatable, whereby an additional drive
device for lowering the die, as is known and necessary from the prior art for demoulding the

sintered moulded part, can be omitted, thus allowing a further simplification of the device.

The upper punch of the calibrating tool can be effectively connected with a guiding unit
which during the calibrating process of the sintered moulded part sets the upper punch in the

die mto a rotational movement, whereby a relative movement between the workpiece and the

upper punch are avoided during the calibration.

It 1s also possible to design the upper punch and/or the lower punch to be in one piece,

thereby achieving a further simplification of the calibrating tool and thus the calibrating tool

can also be performed more inexpensively.

The lower punch or upper punch can form the drive device for the axial rotational movement
of the die, thus dispensing with an additional drive device for this and in addition the syn-
chronisation of the movement of the die with the movement of the lower punch or the upper
punch 1s simpler to perform. The rotational movement of the die can thus be performed by

lowering the upper punch or the lower punch following the engagement of the respective ex-

ternal toothing with the internal toothing of the die.

According to one embodiment variant of the method an axial rotation of the upper punch is
mitiated before the upper punch hits the sintered moulded part or the blank, whereby by
means of this rotation the engagement position of the external toothing of the upper punch is
formed nto the internal toothing of the die. It is thus achieved that the upper punch can be
moved from any relative position to the die automatically into the engagement position, so
that there can be an additional adjustment of the movement of the upper punch and said syn-

chronisation movement need not be undertaken.
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It is also possible that the upper punch after lowering the sintered moulded part onto a bearing

surface of the die does not rotate axially together with the lower punch by means of the upper
punch, so that by moving together the upper punch with the lower punch there is a complete
compaction of the sintered moulded part over its cross section bidirectionally — as viewed in
axial direction, 1.e. by means of the method according to the invention not only can the cali-
bration of the toothing be performed but also at the same time the said total compaction. Thus

in this way with a single device both the calibration and the compaction of the sintered

moulded part blank can be performed.

Moreover to avoid a relative movement between the sintered moulded part and the upper
punch it 1s possible, that according to one embodiment variant of the method the upper punch

i1s rotated during the calibrating process of the sintered moulded part in the die and synchro-

nously to the rotation of the die.

For a better understanding of the invention the latter is explained in more detail with reference

to the following Figures.

[n a schematically much simplified view:

Fig 1 shows a device according to the invention in the open insertion position for the
sintered moulded part;
Fig 2 shows the device according to Fig. 1 in the calibrating position.

First of all, it should be noted that in the variously described exemplary embodiments the
same parts have been given the same reference numerals and the same component names,
whereby the disclosures contained throughout the entire description can be applied to the
same parts with the same reference numerals and same component names. Also details relat-
ing to position used in the description, such as e.g. top, bottom, side etc. relate to the currently
described and represented figure and in case of a change in position should be adjusted to the
new position. Furthermore, also individual features or combinations of features from the vari-

ous exemplary embodiments shown and described can represent in themselves independent or

inventive solutions.
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Figs. 1 and 2 show a device 1 for calibrating a sintered moulded part 2 with an angular tooth-
ing 3 by using a calibrating tool 4. In this case Fig. 1 represents the open position of the de-
vice 1, in which the sintered moulded part 2 to be processed can be inserted into said device 1,

whereas Fig. 2 shows a closed view of the device 1, in which the sintered moulded part 2 1s

calibrated 1n the calibrating tool 4.

This device 1 1s provided for calibrating angular teeth 3 on gearwheels, sprocket wheels or the
like, 1.e. to improve the dimensionally accuracy of these sintered moulded parts 2, in particu-
lar the angular toothing 3, 1.e. the precision of the teeth. For this the sintered moulded part 2,
for example a gearwheel, 1s produced with an excess height, whereby said excess dimension
can also be found 1n radial direction and possibly also in axial direction, so that the sintered

moulded part 2 can be pressed both axially and radially into the final dimension of said sin-

tered moulded part 2.

By means of calibration the surface roughness of the sintered moulded part 2 is also reduced,

whereby the wearing behaviour of the sintered moulded part 2 can be improved.

The device 1 comprises a lower punch mount 5 on which the columns 6, 7 are supported. The
columns 6, 7 are used on the one hand for mounting the calibrating tool 4 and on the other
hand for guiding the vertical movement of an upper punch 8. Furthermore, the columns 6, 7
can also be used for controlling the movement of the upper punch 8. For this the columns 6, 7
in this embodiment variant comprise four upper punch rotation elements 9 — 12. By means of
the upper punch rotation element 10 the maximum vertical mobility of the upper punch 8 can
be limited. The upper punch rotation element 12 can also be used for vertically supporting the

upper punch, in order to avoid the twisting of the upper punch 8. The lower punch mount 5

thus forms the control plane.

Furthermore, a die mount 13 for a die 14 is supported on said guiding columns 6, 6. A lower

punch 15 1s mounted in this embodiment variant by a lower punch support 16, which is sup-

ported on the lower punch mount 5.

The upper punch 8, the die 14 and the lower punch 15 form the calibrating tool 4.
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The upper punch 8 is mounted to move vertically by an upper punch mount 17, whereby said
upper punch mount 17 1s supported on the upper punch rotation element 11 and during the
upwards movement of the upper punch 8 1s moved onto the upper punch rotation element 9 up

to a stop between the latter and the upper punch rotation element 10, as also shown from Fig
2.

An upper punch support 18 1s arranged between the upper punch 8 and the upper punch
mount 16, whereby a bearing 19 can be formed or arranged at least partly between the upper

punch mount 16 and the upper punch support 18.

[n one embodiment variant it 1s possible to replace the respective columns 6, 7 with a single
continuous column, whereby 1n this case the upper punch mount 16 is mounted to be verti-

cally displaceable along said continuous columns.

The upper punch 8 comprises at least in an end section 20 pointing towards the lower punch

15 an upper punch external toothing 21.

The lower punch 15 comprises at least in an end section 22 pointing towards the upper punch

8 a lower punch external toothing 23.

However, the die 14 comprises a die internal toothing 24 in the region of a die opening 25, i.e.
on an inner surface of said die opening 25. The die internal toothing 24 is designed to be
complementary to the angular toothing 3 of the sintered moulded part 2 and also complemen-

tary to the upper punch external toothings 21 of the upper punch 8 and the lower punch exter-

nal toothing 23 of the lower punch 15.

The sintered moulded part 2 in the view according to Figs. 1 and 2 is shown as a simple com-
ponent without any graduations etc. Within the scope of the invention it is also possible how-
ever to calibrate the angular toothing 3 of more complex sintered moulded parts 2, whereby
e.g. the upper punch 8 in the lower end section 20 can have a not shown graduation inwardly.
Likewise the lower punch 15 can be designed to be complementary to the latter, so that also

two-part and multi-part sintered moulded parts 2 can be processed.
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Although the upper punch 8 and also the lower punch 15 in the shown embodiment variant
are designed in one piece, the latter can also be designed in several parts according to the
graduation(s) for processing multistepped sintered moulded parts 2, whereby the individual
punch parts can be arranged sleeve-like over one another in radial direction, i.e. one compo-
nent encases the next respective component. The one-piece design of the upper punch 8 and

lower punch 15 is also possible however for producing multi-stepped sintered moulded parts

2, but 1s associated with higher tool costs.

It 1s also possible, that the lower punch 15 grips a so-called core pin — not shown —, which in
the lower punch 15 1s arranged extending in axial direction centrally along a middle axis, onto
which sintered moulded parts 2 are pushed, which have a corresponding central recess, and
said sintered moulded parts 2 are thus positioned over said core pin. The core pin can be de-
signed 1n one piece with the lower punch 15 or can be a separate component. To arrange a
core pin the upper punch 8 has a corresponding recess, into which the core pin can be in-
serted. Also several core pins can be arranged in case sintered moulded parts 2 with several
openings in axial direction are to be processed. Accordingly also the upper punch 8 can com-
prise several recesses. The core pin or pin(s) project(s) in the insertion position for the sin-

tered moulded part 2 in the direction of the upper punch 8 over the die 14, so that the sintered
moulded part 2 can be pushed on.

Of course, the precise design of the upper punch 8 and the lower punch 15 can differ from the

variant shown in Fig. 1 and Fig. 2, as the latter is adjusted in the end to the geometry of the

sintered moulded part 2.

To msert the sintered moulded part 2 into the die 14 more easily an end section 26 of the die

14, which 1s aligned to the upper punch 8, is designed to widen outwardly in the form of a

cone, as shown mn Fig. 1.

Fig. 2 shows the calibrating tool 4 in the closed form, i.e. the upper punch 8 lies on the sin-
tered moulded part 2 and said sintered moulded part 2 is mounted in turn on the lower punch
15. In the calibrating position the sintered moulded part 2 is lowered into the die 14, so that

the toothing of the sintered moulded part 2 comes into contact with the die internal toothing



10

15

20

25

30

CA 02681745 2009-09-23
_8 -

24 of the die 14 and thus the angular toothing 3 of the sintered moulded part 2 can be cali-
brated.

In order to reach this position according to Fig. 2 both the upper punch 8 and the lower punch

15 are lowered in vertical direction.

To produce the sintered moulded part 2, 1.e. calibrate the latter, said sintered moulded part 2 is
placed 1n a first step on the lower punch 15 of the calibrating tool 4, as shown in Fig. 1. Then
by means of the vertical lowering of the upper punch 8 the closing movement is initiated,
whereby the upper punch 8 can be set into a rotational movement before hitting the sintered
moulded part 2, in order thus to achieve the precise relative position of the upper punch exter-
nal toothing 21 of the upper punch 8 with the die internal toothing 24 of the die 14, so that

lowering the upper punch external toothing 21 of the upper punch 8 into the die internal tooth-

ing 24 of the die 14 can be ensured without difficulty.

Once the upper punch 8 has hit the sintered moulded part 2 and thus the calibrating tool 4 is
closed, the sintered moulded part 2 together with the lower punch 15 are moved together by
the vertical movement of the upper punch 8 into the calibrating position, whereby the lower
punch 15 1s moved further downwards as with the upper punch 8 and thus the upper punch

external toothing 21 of the upper punch 8 comes into engagement with the die internal tooth-
ing 24 of the die 14.

By means ot the downwards movement of the lower punch 15 via its lower punch external
toothing 23 the die 14 is set by the engagement of said lower punch external toothing 23 with
the die internal toothing 24 of the die 14 into a horizontal, i.e. axial rotational movement, so
that the die 14 rotates about the lower punch 15. By means of this rotational movement it is
possible to calibrate obliquely toothed sintered moulded parts 2. The drive of the die 14 is

performed in this embodiment variant by means of the lower punch 15, i.e. its downwards

movement or its vertical movement.

The rotational movement of the upper punch 8 is stopped after adjusting the synchronous po-
sitiom, 1.€. the position which allows the simple engagement of the upper punch external

toothing 21 with the die internal toothing 24 of the die 14, so that said upper punch 8 in this
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phase of the production process moves only vertically and thus enables the compaction of the

entire sintered moulded part 2.

During the actual calibrating process of the angular toothing 3 of the sintered moulded part 2,
whereby it is noted that the calibration owing to the oversize of the sintered moulded part 2
also corresponds to a compacting process, the upper punch 8 is set into a rotational movement

by a separate guiding unit, so that since the sintered moulded part 2 rotates because of the
downwards movement of the lower punch 15, a relative movement is avoided between the

sintered moulded part 2 and the upper punch 8.

After the completion of the calibrating process, i.e. when the lower punch 15 has reached its
lower end position, the direction of movement is reversed, whereby the die 14 remains un-
changed with regard to its horizontal arrangement in the device 1 and the lower punch 15
moves vertically upwards, whereby the upper punch 8 also moves upwards. If necessary, this
upwards movement of the upper punch 8 can be supported by an additional driving device
which 1s connected actively with the upper punch 8, so that the calibrating tool 4 opens during
the upwards movement. By means of the upwards vertical movement of the lower punch 15
the sintered moulded part 2 is moved out of the engagement position, i.e. the calibrating posi-
tion, 1n the die 14, and released from the die 14, whereby the die 14 is also rotated during the
upwards movement, but in the opposite direction, and after opening the calibrating tool 4,
whereby the opening position can correspond to the insertion position according to Fig. 1, can

be disengaged from the lower punch 15 and removed.

In one embodiment variant of the invention it is possible for the die 14 to perform a lowering
movement, when the upper punch 8 and the lower punch 15 are fixed relative to one another,

to achieve a compaction, however the embodiment variant is preferred in which the die per-

forms only a rotational movement.

The exemplary embodiments show possible embodiment variants of the device 1 for calibrat-
ing a sintered moulded part 2 with an angular toothing 3, whereby it should be noted at this
point that the invention 1s not restricted to the embodiment variants shown in particular, but
rather various different combinations of the individual embodiment variants are possible and

this varability, due to the teaching on technical procedure, lies within the ability of a person
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skilled in the art in this technical field. Thus all conceivable embodiment variants, which are
made possible by combining individual details of the embodiment variants shown and de-

scribed, are also covered by the scope of protection.

Finally, as a pomt of formality, it should be noted that for a better understanding of the

device 1 the latter has not been represented true to scale in part and/or has been enlarged

and/or reduced 1n size.

The underlying problem of the independent solutions according to the invention can be

taken from the description.

Mainly the individual embodiments shown in Figs. 1, 2 form the subject matter of inde-
pendent solutions according to the invention. The objectives and solutions according to the

invention relating thereto can be taken from the detailed descriptions of these figures.
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List of Reference Numerals

Device

Sintered moulded part
Angular toothing
Calibrating tool
Lower punch mount

Column
Column
Upper punch

Upper punch rotation element
Upper punch rotation element

Upper punch rotation element
Upper punch rotation element
Die mount

Die

Lower punch

Lower punch support
Upper punch mount
Upper punch support
Bearing

End section

Upper punch external toothing
End section
Lower punch external toothing

Die internal toothing
Die opening

End section



10

15

20

25

30

CA 02681745 2009-09-23
-12 -

Claims

1. Device (1) for calibrating a sintered moulded part (2) with an angular toothing (3) by
means of a calibrating tool (4), comprising a lower punch (15) for mounting the sintered

moulded part (2) with a lower punch external toothing (23), a vertically movable and axially
rotatably mounted upper punch (8) with an upper punch external toothing (21), as well as an

axially rotatably mounted die (14) with a die internal toothing (24), characterised in that the

lower punch (15) 1s mounted so as to move only 1n vertical direction.

2. Device (1) according to claim 1, characterised in that the die (14) i1s mounted to be
only rotatable.
3. Device (1) according to claim 1 or 2, characterised in that the upper punch (8) 1s ac-

tively connected with a guiding unit, which sets the upper punch (8) into a rotary movement

during the calibrating process of the sintered moulded part (2) in the die (14).

4. Device (1) according to one of claims 1 to 3, characterised in that the upper punch (8)

and/or the lower punch (15) are designed in one piece.

5. Device (1) according to one of claims 1 to 4, characterised in that the lower punch (15)

or the upper punch (8) 1s the driving device for the axial rotational movement of the die (14).

6. Method for calibrating a sintered moulded part (2) with an angular toothing (3) by
means of a calibrating tool (4), comprising a lower punch (15) with a lower punch external
toothing (23), a vertically movable and axially rotatably mounted upper punch (8) with an

upper punch external toothing (21), as well as an axially rotatably mounted die (14) with a die

internal toothing (24), according to which the sintered moulded part (2) is placed onto the
lower punch (15) and positioned on the latter, then the upper punch (8) is lowered in the di-
rection of the sintered moulded part (2), and in this way the sintered moulded part (2) and the
lower punch (15) are lowered in the direction of the die (14), and thereby the angular toothing
(3) of the sintered moulded part (2) is pressed into the die internal toothing (24), characterised
in that the lower punch (15) 1s moved only 1n vertical direction and the direction of movement

of the lower punch (15) 1s reversed after reaching a lower end position and the calibrated sin-
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tered moulded part (2) 1s moved by the vertical movement of the lower punch (15) upwards

out of engagement with the die internal toothing (24) of the die (14).

7. Method according to claim 6 characterised in that the axial rotation of the die (14) and

thereby the calibration of the sintered moulded part (2) are initiated by lowering the lower

punch (15) with the sintered moulded part (2).

8. Method according to claim 6, characterised in that the axial rotation of the die (14) and

thus the calibration of the sintered moulded part (2) is initiated by lowering the upper punch
(8).

9. Method according to one of claims 6 to 8, characterised in that an axial rotation of the

upper punch (8) 1s initiated before the upper punch (8) hits the sintered moulded part (2).

10.  Method according to one of claims 6 to 9, characterised in that the upper punch (8)
after the lowering of the sintered moulded part (2) onto a bearing surface of the die (14) to-
gether with the lower punch (15) by means of the upper punch (8) does not rotate axially and

the sintered moulded part (2) is compacted in this way bidirectionally over its entire cross

section in axial direction.

11.  Method according to one of claims 6 to 10, characterised in that the upper punch (15)
1s rotated during the calibrating process of the sintered moulded part (2) in the die (14).
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