EP 1062 073 B1

) oo e IR
(19) o European Patent Office

Office européen des brevets (11) EP 1 062 073 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntcL”: B24B 27/033, B24B 7/12,
of the grant of the patent: B24D 5/06
16.01.2002 Bulletin 2002/03 /| B22D11:126

21) Application number: 99911742.7
(21) Applicati ! (86) International application number:

(22) Date of filing: 05.03.1999 PCT/EP99/01437
(87) International publication number:
WO 99/47305 (23.09.1999 Gazette 1999/38)

(54) A MACHINE FOR GRINDING SEMI-FINISHED PRODUCTS, PARTICULARLY BILLETS
MASCHINE ZUM SCHLEIFEN VON HALBZEUG, INSBESONDERE KNUPPELN
MACHINE A RECTIFIER DES PRODUITS SEMI-FINIS, EN PARTICULIER, DES BILLETTES

(84) Designated Contracting States: (72) Inventor: Carraro, Giorgio
DE ES FIFR GB IT SE 30036 S. Maria di Sala (IT)
(30) Priority: 13.03.1998 IT PD980052 (74) Representative: Cantaluppi, Stefano et al
Jacobacci & Partners S.p.A., Via Berchet, 9
(43) Date of publication of application: 35131 Padova (IT)

27.12.2000 Bulletin 2000/52

(56) References cited:

(73) Proprietor: Carraro, Giorgio WO-A-96/22173 DE-A- 3 524 561
30036 S. Maria di Sala (IT) GB-A-2 309 184 US-A- 1 582 608

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.

99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 062 073 B1 2

Description
Technical Field

[0001] The present invention relates to a machine for
grinding semi-finished products, particularly billets, ac-
cording to the preamble of claim 1. The invention further
relates to a grinding wheel for the above mentioned ma-
chine according to the preamble of claim 7 (see for ex-
ample US-A-1 582 608).

Background Art

[0002] A grinding machine having the features out-
lined above is known from WO-A-9622173.

[0003] Billets produced by rolling generally have sur-
face irregularities mainly due to cracks, scum and other
processing residues resulting from the melting and cool-
ing processes.

[0004] To eliminate these surface irregularities, it is
known, before the billets are sent for subsequent
processing, to provide for their surfaces to be ground
with the use of grinding machines with circular grinding
wheels. In a machine of this type, the grinding wheel is
rotated about its own axis and is brought into contact
with the billet with a sliding movement relative thereto
in order to remove a predetermined thickness of mate-
rial and consequently to improve the surface quality of
the billet. In billets of larger cross-section such as those
having widths of up to 200 mm and more, surface grind-
ing takes place by aligning the grinding wheel along the
axis of movement of the billet and by performing several
forward runs of the billet, the grinding wheel being
moved transverse the axis of movement for each run so
as to grind the billet over the entire width of its surface.
However, this involves the disadvantage that process-
ing times are lengthened and an optimal surface quality
is not achieved because of the appearance of small sur-
face ridges which delimit adjacent ground surface por-
tions and which are created when the grinding wheel is
moved transversely between one forward run and the
next.

[0005] Another problem encountered is due to the fact
that, with conventional grinding machines, predeter-
mined thicknesses of material can be removed from the
billet. Since, as a result of the rolling process, the billet
has a typical surface shape with depressions extending
longitudinally, the action of the grinding wheel involves
the elimination of these depressions by the undesired
removal of a greater quantity of material than is actually
necessary for the surface grinding of the billet.

Disclosure of the Invention

[0006] The problem upon which the present invention
is based is that of providing a machine for grinding semi-
finished products, particularly billets, which is designed
structurally and functionally so as to overcome all of the

10

15

20

25

30

35

40

45

50

55

problems complained of with reference to the prior art
mentioned.

[0007] This problem is solved by the invention by
means of a machine for grinding billets formed in ac-
cordance with claim 1.

[0008] The grinding wheel according to the invention
is defined in claim 7.

Brief Description of the Drawings

[0009] The characteristics and advantages of the in-
vention will become clearer from the following detailed
description of a preferred but not exclusive embodiment
thereof, described by way of non-limiting example, with
reference to the appended drawings, in which:

Figure 1 is a partial side elevational view of a grind-
ing machine according to the invention,

Figure 2 is a section taken on the line II-1l of Figure
1,

Figure 3 is a front elevational view of the machine
of the preceding drawings,

Figure 4 is a side elevational view showing a detail
of the machine of the previous drawings, on an en-
larged scale,

Figures 5 and 6 are an axial section and a side el-
evational view, respectively, of a grinding wheel with
which the grinding machine according to the inven-
tion is equipped,

Figure 7 is a plan view of the grinding wheel of Fig-
ures 5 and 6,

Figure 8 is a schematic view showing, in plan, pairs
of grinding wheels with which the grinding machine
of the present invention is equipped, and

Figure 9 is a schematic front elevational view of the
grinding wheels of Figure 8.

Best Mode of carrying out the Invention

[0010] With reference to Figures 1 to 4, a machine
formed in accordance with the present invention is gen-
erally indicated 1 and is intended for grinding semi-fin-
ished products such as, for example, foundry billets 2,
one of which is shown partially in the drawings.

[0011] The machine 1 comprises a substantially par-
allelepipedal framework 3 formed by two opposed
frames 4 rigidly interconnected by means of four up-
rights 4c. Each frame 4 is formed by pairs of rigidly-in-
terconnected longitudinal and transverse elements indi-
cated4a, 4b. The billet 2 being ground is guided beneath
the framework 3 along an axis of movement indicated
by the axis B in Figure 2 and arranged parallel to the
longitudinal elements 4a.

[0012] The machine 1 further comprises a first frame
and a second frame, indicated 6 and 7, respectively,
which are mounted on the framework 3 and are movable
relative thereto as explained in detail in the following de-
scription.
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[0013] The first frame 6 is mounted inside the frame-
work 3 and is also of parallelepipedal shape. The frame
6 is formed by pairs of first longitudinal elements 6a con-
nected by first transverse elements 6b and rigidly inter-
connected by means of first uprights 6c¢.

[0014] At one end of each longitudinal element 4a of
the framework 3, at the same end of the framework, a
respective arm 8 is articulated about a corresponding
pin 8a projecting inside the framework. Each arm 8 is in
turn articulated at its opposite axial end to a central por-
tion of the respective first longitudinal element 6a of the
first frame 6, by means of a corresponding pin 9. The
arms 8 thus constitute a parallelogram device for mov-
ing the first frame 6 relative to the framework 3. As a
result of a pivoting movement of the arms 8 about the
axes of the pins 8a, their points of articulation to the first
frame 6 describe paths along arcs of circles centered
on the axes of the pins 8a, so as to cause the first frame
6 to move in a direction which, for limited angles of piv-
oting about the pins 8a, is approximately straight and
directed substantially along the axis Y of Figure 1.
[0015] A pair of actuators such as, for example, two
hydraulic jacks 10 shown schematically in Figure 1, is
provided for moving the first frame 6. Each jack 10 is
mounted on a support element 11 extending from the
respective upper longitudinal element 4a of the frame-
work 3 and has a rod 12 acting on the first frame 6 in
the region of the points of articulation to the arms 8.
[0016] The second frame 7 is mounted inside the first
frame 6 and has a similar parallelepipedal shape. The
frame 7 is formed by a pair of opposed end structures
rigidly interconnected by means of uprights 7c. Each
end structure is formed by pairs of rigidly interconnected
second longitudinal elements 7a and second transverse
elements 7b. The lower end of the second frame 7 also
has connecting cross members 13 preferably formed by
parallel and spaced-apart channel-sections. The cross-
members 13 serve to support two pairs of supports 14
with bearings 15 between which two respective shafts
16, 17 are supported for rotation. A respective circular
grinding wheel 18, 19is keyed to each shaft 16, 17. Each
shaft 16, 17 is also arranged, at one of its ends, for cou-
pling to a respective pulley, not shown, for rotating the
corresponding grinding wheel 18, 19 about its axis of
rotation, indicated M1, M2 respectively in Figure 2, by
means of a belt transmission.

[0017] The belt transmissions are driven by respec-
tive electric motors 20 of which only one is shown in Fig-
ure 3. The motors 20 are fixed to a support plate 20a
provided on the upper end of the second frame 7.
[0018] The grinding wheels 18, 19 are positioned, rel-
ative to the second frame 7, with parallel axes of rotation
M1 and M2 which are inclined angularly to an axis trans-
verse the axis B of movement of the billet 2. The trans-
verse axis is parallel to the articulation axis of the pins
9, which is indicated K in Figure 2, and which is perpen-
dicular to the direction of movement B. The angle at
which the axis M2 (or M1) is inclined to the axis K is
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indicated C in Figure 2. The angle C may have values
of between 5° and 45° and the value selected is prefer-
ably 30°.

[0019] The second frame 7 is also mounted for pivot-
ing on the first frame 6 about an axis K1 parallel to the
axis K. The second frame 7 has supports 21 which are
fixed in central positions on the second longitudinal el-
ements 7a of the upper end of the frame 7 and are in-
tended to be engaged on corresponding pins 9 for rota-
tion about the axis K1. It will be noted that the interaxial
spacing D between the rotation axes M1, M2 of the
grinding wheels 18, 19 is arranged symmetrically with
respect to the pivot axis K1 so that the loads on the piv-
oting frame 7, which are due mainly to the weight of the
grinding wheels themselves, are distributed in a bal-
anced manner relative to the pivot axis K1.

[0020] It will be noted that the pivot axis K1 of the sec-
ond frame is spaced from the axes of rotation M1, M2
of the grinding wheels 18, 19 on the opposite side to the
working plane of the grinding wheels identified by the
surface 2a of the billet.

[0021] Each grinding wheel 18, 19 comprises a cen-
tral hub 22 which is intended to be keyed to the corre-
sponding shaft 16, 17 and on which a ring of abrasive
material is mounted. The ring is of the type with an in-
terrupted edge and is thus composed of a plurality of
structurally independent grinding-wheel sectors 23.
More particularly, the grinding wheel comprises six iden-
tical sectors 23 each of which is defined peripherally by
edge profiles 24. The profiles are inclined angularly to
the axis of rotation M1, M2 of the grinding wheel, as can
be seen in Figure 7. The angle of inclination, indicated
T, selected for the edge 24 is preferably between 10°
and 20°.

[0022] Each abrasive sector 23 is restrained on the
hub 22 by means of a pair of jaws 25 clamped by screws
26 extending through the hub. It will be noted that each
grinding-wheel sector 23 is spaced from the adjacent
sectors peripherally by a distance indicated S in Figure
7.

[0023] When the machine 1 is in operation, initially,
the grinding wheels 18, 19 are moved, by means of the
parallelogram device operated by the jacks 10, into con-
tact with the surface 2a of the billet 2 being ground. The
billet 2 is guided beneath the framework 3 along the axis
B with a sliding movementrelative to the grinding wheels
18, 19 which in turn are rotated about their own axes M1
and M2 by means of the motors 20.

[0024] By virtue of the inclination of the axes of rota-
tion M1, M2 of the grinding wheels to the axis transverse
the axis B of movement of the billet, the surface 2a of
the billet is ground throughout its width during the for-
ward movement of the billet, as a result of the contribu-
tions of the grinding surfaces of both grinding wheels,
as shown schematically in Figure 8. This advantageous-
ly enables billets having cross-sections of much greater
width than the abrasive face of the grinding wheel to be
ground in a single forward run of the billet.
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[0025] When the abrasive material of the grinding
wheels has become worn, with a consequent reduction
in their diameter, they are kept in contact with the sur-
face 2a of the billet by virtue of the pivoting permitted by
the arms 8 of the parallelogram device. Figure 4 shows,
in continuous outline, one of the grinding wheels 18, 19
placed in contact with a large billet 2 (for example having
a cross-section of 200-200 mm) and, in broken outline,
the grinding wheel in conditions of maximum wear (min-
imum diameter of the abrasive ring) in contact with the
surface of a smaller billet (for example, with a cross-sec-
tion of 40x40 mm).

[0026] The pivoting of the frame 7 supporting the
grinding wheels about the axis K1 enables the grinding
wheels to follow closely the surface profile of the billet
and the depressions which normally characterize the
surface 2a as a result of the rolling process. During the
forward movement of the billet 2, the grinding wheel 18
swings as a result of the variation of slope encountered
and consequently urges the other grinding wheel 19 into
contact with the surface 2a. This advantageously ena-
bles the pair of grinding wheels to follow the uneven
shape of the surface 2a, removing the minimum quantity
of material required by the grinding, preventing the for-
mation of surface concavities as well as the removal of
a greater and undesirable thickness of material. Figure
9 shows schematically and on an enlarged scale, the
surface 2a of the billet processed by the pair of grinding
wheels 18, 19. The imaginary line of the profile of the
surface 2a obtained as a result of the grinding is shown
in broken outline.

[0027] The provision of grinding wheels having sec-
tors with edge profiles which are inclined to the axis of
the grinding wheel enables the abrasive surface to pen-
etrate the billet better and, in addition, the contact be-
tween the surface of the billet and the edge takes place
more gradually than with conventional grinding wheels
which have edge profiles parallel to the axis of the grind-
ing wheel and in which each grinding-wheel sector con-
sequently strikes the billet with the entire front of the
edge during rotation. The use of grinding wheels with
inclined edge profiles advantageously improves grind-
ing penetration as well as achieving more uniform power
absorption, at the same time preventing power-absorp-
tion peaks when the edge profile contacts the surface
of the billet. Moreover, the abrasive material of the billet
wears more evenly, optimizing the useful life of the
grinding-wheel sectors.

[0028] The invention thus solves the problem set,
achieving the aforementioned advantages in compari-
son with known solutions.

[0029] Naturally, the principle of the invention remain-
ing the same, the forms of embodiment and details of
construction may be varied widely with respect to those
described and illustrated purely by way of non-limiting
example, without thereby departing from the scope of
the invention as defined by the appended claims.
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Claims

1. A machine for grinding semi-finished products, par-
ticularly billets (2), comprising a framework (3) on
which the billet (2) being ground is guided along a
predetermined axis (B) of movement, and at least
one grinding wheel (18,19) which is mounted on the
framework (3) and is rotated about its own axis
(M1,M2) as well as being in contact with the billet
(2) in order to grind the surface (2a) thereof, the axis
of rotation (M1,M2) of the at least one grinding
wheel (18,19) being inclined angularly to an axis (K)
transverse the axis (B) of movement of the billet,
characterized in comprising a first frame (6) mov-
able relative to the framework (3) and a second
frame (7) for supporting the at least one grinding
wheel (18,19), said second frame (7) being mount-
ed for pivoting on the first frame (6).

2. A machine according to Claim 1, comprising a plu-
rality of grinding wheels including at least one pair
of grinding wheels (18,19) having respective axes
of rotation (M1,M2) inclined angularly to the axis (K)
transverse the axis of movement of the billet (2).

3. A machine according to Claims 1 or 2, in which the
axis of pivoting of the second frame (7) is arranged
transverse the direction (B) of movement of the bil-
let (2) and is spaced from the axis of rotation of the
grinding wheels (18,19) on the opposite side to the
working plane of the grinding wheels.

4. A machine according to one or more of the preced-

ing claims, comprising means for moving the first
frame (6) relative to the framework (3) along an axis
approximately perpendicular to the working plane
of the grinding wheels, the means comprising pairs
of arms (8) articulated at their opposite axial ends
to the framework (3) and to the first frame (6), re-
spectively, the points of articulation to the first frame
(6) being contained within a plane of symmetry of
the frame perpendicular to the working plane of the
grinding wheels.

5. A machine according to one or more of the preced-
ing claims, in which the at least one grinding wheel
(18,19) comprises a ring of abrasive material with
an interrupted edge.

6. A machine according to Claim 5, in which the at
least one grinding wheel (18, 19) comprises a plu-
rality of grinding-wheel sectors (23), the sectors
having, peripherally, edges having profiles (24)
which are inclined angularly to the axis of the grind-
ing wheel (M1,M2).

7. A grinding wheel for a machine for grinding billets
according to one or more of the preceding claims,
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comprising a ring of abrasive material with an inter-
rupted edge, said ring comprising a plurality of
grinding sectors (23), the sectors having, peripher-
ally, edges having profiles (24) which are inclined
angularly to the axis (M1, M2) of the grinding wheel,
the grinding wheel being characterized in that
each sector (23) is independently restrained on a
hub (22) of the grinding wheel by means of a re-
spective pair of jaws (25) clamped to the hub.

Patentanspriiche

1.

Maschine zum Schleifen von Halbzeug, insbeson-
dere Knuppeln (2), mit einem Rahmenverbund (3),
auf dem der zu schleifende Knuppel (2) entlang ei-
ner vorbestimmten Bewegungsachse (B) gefiihrt
ist, und mit wenigstens einer Schleifscheibe (18,
19), die am Rahmenverbund (3) angebracht ist und
um ihre eigene Achse (M1, M2) rotiert und am
Knuppel (2) zum Schleifen von dessen Oberflache
(2a) anliegt, wobei die Rotationsachse (M1, M2) der
wenigstens einen Schleifscheibe (18, 19) mit einer
Achse (K) quer zur Bewegungsachse (B) des Kniip-
pels einen Winkel bildet, dadurch gekennzeich-
net, dass die Maschine einen ersten Rahmen (6),
der relativ zum Rahmenverbund (3) bewegbar ist,
und einen zweiten Rahmen (7) fir die Aufnahme
der wenigstens einen Schleifscheibe (18, 19) auf-
weist, wobei der zweite Rahmen (7) am ersten Rah-
men (6) schwenkbar gehalten ist.

Maschine nach Anspruch 1, mit einer Vielzahl von
Schleifscheiben mit wenigstens einem Paar von
Schleifscheiben (18, 19) mit entsprechenden Rota-
tionsachsen (M1, M2), die mit der Achse (K) quer
zur Bewegungsachse des Kniippels (2) einen Win-
kel bilden.

Maschine nach Anspruch 1 oder 2, bei der die
Schwenkachse des zweiten Rahmens (7) quer zur
Bewegungsrichtung (B) des Knlippels (2) angeord-
net ist und von der Rotationsachse der Schleif-
scheiben (18, 19) auf der der Arbeitsebene der
Schleifscheiben abgewandten Seite beabstandet
ist.

Maschine nach einem oder mehreren der vorherge-
henden Anspriche, mit Mitteln zum Bewegen des
ersten Rahmens (6) relativ zum Rahmenverbund
(3) entlang einer Achse, die in etwa rechtwinklig zur
Arbeitsebene der Schleifscheiben angeordnet ist,
wobei die Mittel Paare von Armen (8) aufweisen,
die an ihren gegenlberliegenden axialen Enden mit
dem Rahmenverbund (3) bzw. mit dem ersten Rah-
men (6) verbunden sind, wobei die Anlenkpunkte
zum ersten Rahmen (6) sich in einer Symmetrie-
ebene des Rahmens befinden, die rechtwinklig zur
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Arbeitsebene der Schleifscheiben angeordnet ist.

Maschine nach einem oder mehreren der vorherge-
henden Anspriche, bei der wenigstens eine
Schleifscheibe (18, 19) einen Ring aus abrasivem
Material mit einem unterbrochenen Rand aufweist.

Maschine nach Anspruch 5, bei der wenigstens ei-
ne Schleifscheibe (18, 19) eine Vielzahl von Schleif-
scheibensegmenten (23) aufweist, wobei die Seg-
mente entlang ihres Umfangsrandes ein Profil auf-
weisen, welches mit den Achsen der Schleifschei-
ben (M1, M2) einen Winkel bildet.

Schleifscheibe flr eine Maschine zum Schleifen
von Kniippeln entsprechend einem oder mehreren
der vorhergehenden Anspriiche, mit einem Ring
aus abrasivem Material mit einem unterbrochenen
Rand, wobei der Ring eine Vielzahl von Schleifseg-
menten (23) aufweist, wobei die Segmente entlang
ihnres Umfangsrandes Profile (24) aufweisen, die
mit den Achsen (M1, M2) der Schleifscheibe einen
Winkel bilden, wobei die Schleifscheibe dadurch
gekennzeichnet ist, dass jedes Segment (23) se-
parat auf einem Nabenteil (22) der Schleifscheibe
mittels einer auf dem Nabenteil (22) angebrachten
Klemmvorrichtung (25) festgehalten ist.

Revendications

Machine destinée a rectifier des produits semi-finis,
en particulier des billettes (2), comportant un bati
(3) sur lequel la billette (2) qui est rectifiée est gui-
dée le long d'un axe prédéterminé (B) de déplace-
ment, et au moins une meule (18, 19) qui est mon-
tée sur le bati (3) et est entrainée en rotation autour
de son propre axe (M1, M2) tout en étant en contact
avec la billette (2) afin de meuler la surface (2a) de
celle-ci, I'axe de rotation (M1, M2) de la au moins
une meule (18, 19) étant incliné angulairement par
rapport a un axe (K) transversal a I'axe (B) de dé-
placement de la billette, caractérisée en ce qu'elle
comporte un premier bati (6) mobile par rapport au
bati (3) et un deuxiéme bati (7) destiné a supporter
la au moins une meule (18, 19), ledit deuxiéme bati
(7) étant monté pour pivotement sur le premier bati

(6).

Machine selon la revendication 1, comportant plu-
sieurs meules comprenant au moins une paire de
meules (18, 19) ayant des axes de rotation (M1, M2)
respectifs inclinés angulairement par rapport a l'axe
(K) transversalement a I'axe de déplacement de la
billette (2).

Machine selon la revendication 1 ou 2, dans laquel-
le I'axe de pivotement du deuxiéme bati (7) est dis-
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posé transversalement a la direction (B) de dépla-
cement de la billette (2) et est espacé de I'axe de
rotation des meules (18, 19) sur le c6té opposé au
plan de travail des meules.

Machine selon une ou plusieurs des revendications
précédentes, comportant des moyens destinés a
déplacer le premier bati (6) par rapport au bati (3)
le long d'un axe approximativement perpendiculaire
au plan de travail des meules, les moyens compor-
tant des paires de bras (8) articulés au niveau de
leurs extrémités axiales opposées sur le bati (3) et
sur le premier bati (6) respectivement, les points
d'articulation sur le premier bati (6) étant contenu a
I'intérieur d'un plan de symétrie du bati perpendicu-
laire au plan de travail des meules.

Machine selon une ou plusieurs des revendications
précédentes, dans laquelle la au moins une meule
(18, 19) comporte un anneau de matiére abrasive
avec un bord interrompu.

Machine selon la revendication 5, dans laquelle la
au moins une meule (18, 19) comporte plusieurs
secteurs de meule (23), les secteurs ayant, de ma-
niére périphérique, des bords ayant des profils (24)
qui sont inclinés angulairement par rapport a I'axe
de la meule (M1, M2).

Meule pour une machine destinée a rectifier des
billettes selon une ou plusieurs des revendications
précédentes, comportant un anneau de matiére
abrasive avec un bord interrompu, ledit anneau
comportant plusieurs secteurs de meule (23), les
secteurs ayant, de maniére périphérique, des bords
ayant des profils (24) qui sont inclinés angulaire-
ment par rapport aux axes (M1, M2) de la meule, la
meule étant caractérisée en ce que chaque sec-
teur (23) est retenu de maniére indépendante sur
un moyeu (22) de la meule au moyen d'une paire
respective de machoires (25) serrées sur le moyeu.
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