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Description

This invention relates to cast-in-place iron based
liners and a method of casting an aluminium cylinder
block having such liners

The bonding of iron-based elements to a surround-
ing mass of lighter weight metal has been a continuing
problem for products that are subject to high operating
temperatures such as an aluminium internal combus-
tion engine block having iron-based liners.

The prior art has followed essentially one of two
paths for solving the problem: metallurgical bonding or
mechanical bonding. Metallurgical bonding, although it
is not thoroughly understood, has proved unsuccessful
possibly because the lighter weight metal, such as alu-
minium, has a strong tendency to chill and form an
oxide film at the interface in at least some minor zone. In
complex castings, such as aluminium engine blocks
having intricately-shaped water jackets and a number of
thin- walled cylinder walls, the ability to keep the alumin-
ium at a sufficiently high temperature, at 100% of the
interface with a liner, is extremely difficult. As the alu-
minium fully solidifies, it moves away (shrinks) and thus
delaminates in at least such minor zone. As a result,
there is a degraded heat transfer characteristic for the
block that prevents such technique from being used
commercially. At best, there is only 80-85% lay-up of the
aluminium along the iron-based liner interface wall.

For metallurgical bonding, intermediate coatings of
zinc alloys (see U.S. patent 2,634,469) have been sug-
gested, but have been economically unsatisfactory for
large-scale production of engine blocks.

As a hybrid, some form of mechanical bonding has
been attempted by the prior art to add to the resulting
metallurgical bond that may be attained. In one example
(U.S. patent 3,069,209), the interfacing surface of the
casting iron liners has been roughened by spiny protru-
sions when such liners are initially formed by casting;
such protrusions act as longitudinal and circumferential
mechanical bonds when aluminium is cast under high
pressure (die-cast) therearound. High pressure is
always required to move the aluminium across such
protrusions and still achieve lay-up of aluminium against
the original outer wall of the liner. The machined smooth
wall of the liner becomes the valleys between the protru-
sions. Because of the need for quick high pressure
mould filling to prevent premature freezing, such tech-
nique is impractical when casting aluminium engine
blocks by low pressure [in the range of 14 - 35 kpa (2-5
psi)], and mould filling times take an average of one-half
minute.

In another hybrid example (U.S. patent 3,401,026),
an irregular outer surface of a cast iron liner for an alu-
minium brake drum was used to augment any cylindri-
cal bond existing by casting the liner in place. There was
no disclosure of the type of irregular surface employed,
but there was considerable disclosure as to the need for
high sonic vibration of the molten aluminium during
casting to create an intensive cavitation field that forces
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aluminium along the irregular surface to achieve good
wetting. Such vibratory apparatus would be impractical
for casting an aluminium engine block with a multiplicity
of internal liners.

What is needed is a method that achieves essen-
tially 100% lay-up of the molten aluminium against the
outer surface of the iron-based liner cast-in-place within
an aluminium block by low pressure casting techniques,
such method not requiring any extra coatings or special
equipment during casting to achieve such result.

In afirst aspect, the invention is a cast-in-place liner
construction useful in low pressure casting of hollow
aluminium parts, the construction is characterised by an
iron-based cylindrical body having a cylindrical surface
thereof imprinted with a repeating pattern of crossed
groups of relief grooves, the path of each groove being
a helix along such surface, the spacing between such
grooves and the depth of such grooves being uniformly
controlled to permit the grooves to act as molten alumin-
ium runners during low pressure casting of the alumin-
ium that facilitates laying-up of the aluminium along the
entirety surface.

The grooves advantageously will have a depth in
the range of 0.05 to 0.10 cm (0.02 - 0.04 inch) ; the
spacing between grooves is advantageously 0.5 t0 0.75
cm (0.20 - 0.30 inch); and a width for each of such
grooves in the range of 0.05 to 0.10 ¢cm (0.02 - 0.04
inch). Preferably, the included angle between intersect-
ing groups of grooves is in the range of 35-55°. Prefera-
bly, the imprinted surface is the outer cylindrical surface
of the liner while the inner cylindrical surface thereof is
smooth.

A second aspect of this invention is a method of
casting an aluminium cylinder block deploying such
liner, the method comprising: (a) imprinting a cylindrical
outer surface on each of a plurality of cast iron-based
sleeves each sleeve being designed to interface with
cast aluminium thereagainst, each sleeve having a
quilted pattern of shallow grooves, each groove being a
helix about the cylindrical surface such grooves being
sized and spaced apart to promote transfer of molten
aluminium during low pressure filling of the mould con-
taining such sleeve and facilitate laying-up of the alu-
minium along substantially the entirety of the cylindrical
surface; and (b) planting the liner in such mould and
introducing aluminium thereagainst at a low pressure to
form said aluminium cylinder block.

The imprinting may be carried out by machining the
prefabricated sleeve or by imprinting indentations in the
sleeve during rolling or fabrication of such sleeve.

The invention will now be described further, by way
of example, with reference to the accompanying draw-
ings, in which :

Figure 1 is a perspective view of an iron liner
embodying the principles of this invention;

Figure 2 is an enlarged view of the groups of
grooves taken along the circled zone A of Figure 1;
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Figure 3 is an enlarged sectional view taken radially
through the wall of the liner; and

Figure 4 is a sectional elevational view of a V-con-
figuration aluminium block for an internal combus-
tion engine showing the liners cast according to the
method of this invention.

Casting in place of iron cylinder liners in an alumin-
ium cylinder block is considered routine when the block
is produced by high pressure die casting. Molten metal
is injected under high pressure and for a short period of
time to facilitate the lay-up of the aluminium against the
iron liner. However, for casting processes such as grav-
ity or low pressure where mould filling occurs over a rel-
atively long period and takes place with little or no
pressure, the casting-in-place of liners is considered
extremely difficult. This invention provides for a unique
quilted pattern of grooving on the surface of the iron
liner that is to interface with the aluminium, such pattern
promoting the flow of molten aluminium against the iron
cylinder bore liner surface to overcome the problem of
chilling and accompanying oxide formation.

The iron-based liner 20 has a cylindrical body B
provided with an outer surface 10 and an inner cylindri-
cal surface 11, and a pattern C imprinted onto the outer
cylindrical surface 10, which pattern is comprised of
crossed groups 12 and 13 of relief grooves 14. The
grooves are effective to uniformly act as molten alumin-
ium runners during low pressure casting to facilitate lay-
ing-up of the aluminium along the entire cylindrical
surface 10.

The grooves create a diamond-shaped pattern as
criss-crossed, the lateral spacing 15 between adjacent
grooves being on the order of 0.5 - 0.75 cm (0.20 - 0.30
inch), the depth 16 of each of the grooves being in the
range of 0.05 - 0.10 cm (0.02 - 0.04 inch), and the width
17 of each of the grooves being desirably in the range of
0.5-0.75 cm (0.20 - 0.30 inch. The included angle 18
between intersecting or crossing grooves is in the range
of 35-55°.

The pattern is imprinted on the outer cylindrical sur-
face by either machining such pattern as the sleeve is
rotated, or the pattern may be formed by indentations in
the liner during rolling or casting of the liner itself. The
grooves in each of the groups are helical about the outer
surface of the liner; this is advantageous when placing
the liner in an oblique position such as shown in Figure
4 for a V-shaped configuration aluminium block. In such
application, one set of grooves will be somewhat hori-
zontal with respect to a vertical plane 21 and the other
set of grooves will be closer to the vertical plane as they
wrap around the outer surface of the liner.

A casting method deploying such liners comprises:
(a) imprinting a cylindrical outer surface of an iron-
based sleeve designed to interface with a cast alumin-
ium thereagainst, the sleeve having a quilted pattern of
shallow grooves, each groove being a helix about the
cylindrical surface, the grooves being sized and spaced
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apart to promote transfer of molten aluminium during a
low pressure filling of a mould containing the sleeve and
facilitate laying-up of the aluminium along substantially
the entirety of the cylindrical surface; and (b) planting
the liner in such mould and introducing aluminium
thereagainst at a low pressure to form the desired alu-
minium casting. The pressure employed in such method
is in the range of 14 - 35 kpa (2-5 psi) and the tempera-
ture of the molten aluminium will be in the range of
690°C (1275°F). Due to the pattern of the grooves and
their critical sizing, the molten aluminium will not drop
below a fluid temperature during filling of the mould and
will not prematurely freeze in migrating throughout all of
the interstices of the cylindrical surface of the liner.

If the grooves are defined to have a depth in excess
of 0.10 cm (0.04 inch), there will be a tendency for the
aluminium to freeze or form a meniscus characteristic of
problems associated with the prior art. If the depth of
the grooves is less than 0.05 cm (0.02 inch), there is lit-
tle likelihood that a molten aluminium runner effect will
be created. If groove spacing is greater than 0.75 cm
(0.3 inch), the ability to lay aluminium throughout the
normal cylindrical surface is hindered, whereas a spac-
ing between grooves of less than 0.5 cm (0.20 inch) will
create difficulty in filling all the grooves with molten alu-
minium because of the lack of pressure driving the alu-
minium through such an increased maze of grooves.
The ultimate effect of this invention achieves essentially
100% lay-up of aluminium against the iron- based liner
after the completion of the low pressure casting tech-
nique. By "lay-up” it is herein meant: the amount of inti-
mate contact between the outer surface of the iron liner
and the aluminium barrel that surrounds the liner.

Claims

1. A cast-in-place iron-based liner useful in low pres-
sure casting of hollow aluminium parts, the con-
struction comprising, an iron-based cylindrical body
(B) having a cylindrical surface (10) imprinted with a
repeating pattern (C) of crossed groups (12,13) of
relief grooves (14), the path of each groove being a
helix about said surface (10), the spacing between
said grooves (14) and the depth of said grooves
being uniformly controlled to permit the grooves to
act as molten aluminium runners during such low
pressure casting facilitating laying-up the alumin-
ium along substantially the entirety of said surface.

2. Aliner as claimed in claim 1, in which said grooves
each have a depth in the range of 0.05 - 0.10 cm
(0.02-0.04 inch).

3. Aliner as claimed in claim 1, in which said grooves
are spaced from each other a distance in the range
of 0.5 - 0.75 cm (0.20-0.30 inch).

4. Aliner as claimed in claim 1, in which the included
angle between intersecting groups of grooves is in
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the range of 35-55°.

A liner as claimed in claim 2, in which the width of
each of said grooves is in the range of 0.05- 0.1 cm
(0.02-0.04 inch).

A liner as claimed in claim 1, in which said
imprinted surface is the outer cylindrical surface of
said liner, and the inner cylindrical surface is
smooth.

A liner as claimed in claim 1, in which said
imprinted pattern achieves a quilted appearance.

A method of casting an aluminium cylinder block
having cast-in-place iron-based liners, comprising

(a) imprinting a cylindrical outer surface on
each of a plurality of cast iron-based sleeves,
each sleeve being designed to interface with
cast aluminium thereagainst, each sleeve hav-
ing a quilted pattern of shallow grooves, each
groove being a helix about the cylindrical sur-
face, the grooves being sized and spaced apart
to promote transfer of molten aluminium during
low pressure filling of the mould containing said
sleeve and facilitate laying-up of the aluminium
along substantially the entirety of the cylindrical
surface; and

(b) planting said sleeve in a mould and intro-
ducing aluminium thereagainst at aglow pres-
sure to form said aluminium cylinder block.

A method as claimed in claim 8, in which the
imprinting of step (a) is carried out by machining the
cylindrical surface of the prefabricated sleeve or by
forming indentations in the sleeve cylindrical sur-
face during rolling or casting to fabricate the sleeve

A method as claimed in claim 8, in which the pat-
tern of grooves extends throughout the entire outer
surface.

Patentanspriiche

1.

Eine eingegossene Buchse mit einem Boden aus
Eisen, die beim Giessen von hohlen Teilen aus Alu-
minium bei Niedrigdruck benutzt wird, wobei der
Einbau beinhaltet : einen Zylinderkérper (B) mit
einem Boden aus Eisen, der eine zylinderférmige
Oberflache (10) hat, auf die ein sich wiederholen-
des Modell (C) von gekreuzten Gruppen (12, 13)
von Hinterschliffnuten (14) aufgedrickt ist, wobei
die Bahn jeder Nute eine Spirale um die besagte
Oberflache (10) bildet, wobei der Zwischenraum
zwischen den besagten Nuten (14) und der Tiefe
der besagten Nuten einheitlich geregelt wird, um
den Nuten zu erméglichen, als Einguskanale far
das geschmolzene Aluminium wahrend eines der-
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artigen Giessvorgangs bei Niedrigdruck zu wirken,
wobei das Aufliegen des Aluminiums im wesentli-
chen an der ganzen besagten Oberflache entlang
ermdglicht wird.

Eine Buchse nach Anspruch 1, in der die Tiefe
jeder der besagten Nuten im Bereich von 0,05 -
0,10 cm (0,02 - 0,04 inch) liegt.

Eine Buchse nach Anspruch 1, in der sich die
besagten Nuten zueinander in einem Abstand
befinden, der im Bereich von 0,5 - 0,75 cm (0,20 -
0,30 inch) liegt.

Eine Buchse nach Anspruch 1, in der der Winkel,
der sich zwischen den querliegenden Gruppen von
Nuten befindet, im Bereich von 35° - 55° liegt.

Eine Buchse nach Anspruch 2, in der sich die Weite
jeder der besagten Nuten im Bereich von 0,05 - 0,1
cm (0,02 - 0,04 inch) befindet.

Eine Buchse nach Anspruch 1, in der die besagte
aufgedrickte Oberflache die aussere zylinderfér-
mige Oberflache der besagten Buchse ist und die
innere zylinderférmige Oberflache glatt ist.

Eine Buchse nach Anspruch 1, in der das besagte
aufgedrickte Modell ein durchstochenes Aussehen
aufweist.

Eine Methode zum Giessen eines Zylinderblocks
aus Aluminium mit eingegossenen Buchsen mit
Béden aus Eisen, die beinhaltet :

(a) das Aufdriicken einer dusseren zylinderfér-
migen Oberflache auf jede Hiilse einer Vielzahl
von gegossenen Hiilsen mit Béden aus Eisen,
wobei jede Hiilse so ausgelegt ist, dass sie
eine Schnittstelle mit dem gegossenen Alumi-
nium gegen sie bildet, wobei jede Hulse ein
durchstochenes Modell hohler Nuten aufweist,
wobei jede Nute eine Spirale um die zylinder-
férmige Oberflache bildet, wobei die Nuten so
dimensioniert sind und sich im Abstand zuein-
ander befinden, dass der Transfer von
geschmolzenem Aluminium wéhrend des Ful-
lens der Form, die die besagten Hulsen enthalt,
bei Niedrigdruck erméglicht wird und das Auf-
liegen des Aluminiums im wesentlichen an der
ganzen zylinderférmigen Oberflache entlang
gewahrleistet wird ; und

(b) das Installieren der besagten Hulse in einer
Form und das Einfihren von Aluminium bei
Niedrigdruck in sie, um den besagten Zylinder-
block aus Aluminium zu formen.

9. Eine Methode nach Anspruch 8, in der das Aufdrik-
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ken der Stufe (a) durch maschinelle Bearbeitung
der zylinderférmigen Oberflache der vorgefertigten
Hulse ausgefihrt wird oder durch die Bildung von
Ausbuchtungen in die zylinderférmige Oberflache
der Hulse wahrend des Walzens oder Giessens bei
der Herstellung der Hulse.

Eine Methode nach Anspruch 8, in der sich das
Modell der Nuten durch die ganze aussere Oberfla-
che erstreckt.

Revendications

Chemise a base de fer moulée sur place utilisée
pour le moulage a basse pression de piéces en alu-
minium creuses, la construction comprenant un
corps cylindrique a base de fer (B) présentant une
surface cylindrique (10) imprimée d'un motif répéti-
tif (C) de groupes croisés (12, 13) de rainures en
relief (14), la trajectoire de chaque rainure étant
une hélice autour de ladite surface (10), I'espace
entre lesdites rainures (14) et la profondeur desdi-
tes rainures étant contrélés de maniére uniforme
afin de permettre aux rainures de servir de canaux
a l'aluminium fondu durant le moulage a basse
pression facilitant I'étalage de I'aluminium le long
d'essentiellement toute ladite surface.

Chemise selon la revendication 1, dans laquelle
lesdites rainures ont chacune une profondeur com-
prise dans la gamme de 0,05 - 0,10 cm.

Chemise selon la revendication 1, dans laquelle
lesdites rainures sont espacées les unes des
autres selon une distance comprise dans la gamme
de 0,5-0,75¢cm.

Chemise selon la revendication 1, dans laquelle
I'angle inclus entre les groupes de rainures croisés
est compris dans la gamme de 35-55°.

Chemise selon la revendication 2, dans laguelle la
largeur de chacune desdites rainures est comprise
dans la gamme de 0,05 - 0,1 cm.

Chemise selon la revendication 1, dans laquelle
ladite surface imprimée est la surface cylindrique
externe de ladite chemise, et la surface cylindrique
interne est lisse.

Chemise selon la revendication 1, dans laquelle
ledit motif imprimé a une apparence capitonnée.

Méthode de moulage d'un bloc cylindrique en alu-
minium présentant des chemises a base de fer
moulées sur place, consistant a :

(a) imprimer une surface externe cylindrique
sur chacun des divers manchons & base de fer
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10.

moulés, chaque manchon étant destiné & faire
interface avec I'aluminium coulé contre lui, cha-
que manchon présentant un motif capitonné de
rainures creuses, chaque rainure étant une
hélice autour de la surface cylindrique, les rai-
nures ayant une dimension et étant espacées
de maniére a promouvoir le transfert d'alumi-
nium fondu durant le remplissage a basse
pression du moule contenant ledit manchon et
a faciliter I'étalage de Il'aluminium le long
d'essentiellement toute la surface cylindrique ;
et

(b) placer ledit manchon dans un moule et a
introduire l'aluminium contre celui-ci & une
basse pression pour former ledit bloc cylindri-
que en aluminium.

Méthode selon la revendication 8, dans laquelle
l'impression de I'étape (a) est effectuée par usinage
de la surface cylindrique du manchon préfabriqué
ou par formation d'indentations dans la surface
cylindrique du manchon durant le laminage ou le
moulage pour fabriquer le manchon.

Méthode selon la revendication 8, dans laquelle le
motif des rainures s'étend & travers toute la surface
externe.
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