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[5 7] ABSTRACT 
A rotationally symmetrical compound body make by 
centrifugal casting in which the metal to be cast is 
poured with the aid of a rotating or stationary casting 
device disposed axially in a rotating drum either radi 
ally or tangentially onto the endless ?bers, stable ? 
bers or ?ber matting abutting at the inner wall of the 
drum, whereby the outer ?ber-reinforced layers of the 
compound body adjoining the wall of the drum are 
heated and cool off to room temperature only after 
the cooling off of the inner metallic layers; the thermal 
coef?cient of expansion of the inner metallic layers is 
equal to or smaller than that of the outer layers. 

3 Claims, 1 Drawing Figure 





3,849,080 
1 

ROTATIONALLY SYMMETRICAL HOLLOW 
COMPOUND BODY 

The present invention relates to rotationally symmet 
rical hollow compound bodies made by centrifugal 
casting. 

It is generally known to make pipes, hearings or the 
like of metallic or plastic materials according to the 
centrifugal casting process. It is further known in the 
prior art to manufacture in this manner ?ber~ 
reinforced plastic cylinders which are utilized predomi— 
nantly as stationary parts, for example, as masts. The 
prior art centrifugal casting processes, however, are not 
suited for the manufacture of boilers or of rapidly re 
volving pipes, drums, or rolls because a compound 
body manufactured in this‘ manner has an inadequate 
bonding strength and admits of high radial deforma 
tions and distortions. The bond between ?ber 
reinforcement and matrix is insufficient, for example, 
in the case of a centrifuging drum of a centrifuge rotat 
ing or spinning at high circumferential speeds which 
has as a consequence a separation, ripping or bulging 
of the components. 
Based on this recognition, the present invention 

seeks to provide a rotationally symmetrical compound 
body whose metal matrix is reinforced with metallic or 
non-metallic ?bers, which assures a safe bonding be 
tween the individual components constituting the com 
pound body also at high circumferential speeds, at high 
internal pressures and temperatures. Furthermore, the 
compound body is to possess a low density notwith~ 
standing a high degree of compression. Moreover, the 
radial deformation or‘ distortion and bulging of the 
compound body is to be as small as possible in opera 
tion in order to permit its use, for example, for such ap 
plications as gas centrifuges. It is another paramount 
consideration for the manufacture of compound bodies 
that they be free from cavities and impurities or con 
taminations. 
The underlying problems are solved according to the 

present invention as described hereinabove in that the 
metal to be cast is poured by means ofa rotating or sta 
tionary casting device which is axially arranged in a ro 
tating drum, radially or tangentially onto the endless 
fibers, staple fibers or fiber matting lying essentially in 
the circumferential direction against the drum wall, 
whereby the outer ?ber-reinforcing layers of the com 
pound body adjacent the drum wall are heated and cool 
off to room temperature only after the cooling off of 
the inner metallic layers, whose thermal coefficient of 
expansion is equal to or lower than that of the outer 
layers. 
The present invention is suited, on the one hand, if 

the matrix material of the fibers and the metallic mate 
rial forming the inner layers are identical (for example, 
consist ofan aluminum alloy) and therefore possess the 
same thermal coefficient of expansion. . 
The same effect is also achieved if the thermal coeffi 

cient of expansion of the outer metal matrix (for exam 
ple, an aluminum alloy) is greater than the thermal co 
efficient of expansion of the inner plain-metal material, 
(for example, a nickel alloy). 
Further features of the present invention will become 

apparent from the following description. The advan~ 
tage of the present invention resides in that a homoge 
neous, dense compound body free from cavities is pro 
duced in which the bonding between individual compo 
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2 
nents is high. The metal sprayed from the nozzles of the 
casting device is selectively directed whereby a dense 
ramiform grain structure is achieved in a predomi 
nantly tangential direction, which is again improved in 
that as a result of the proposed cooling conditions, i.e., 
to cool off the outer ?ber-reinforced layer only after 
the inner plain-metal layer, a residual stress condition 
is attained at room temperature which is indicative of 
tangentially directed tensile stresses on the outside and 
tangentially directed compressive stresses on the in 
side. 

It is also feasible within the scope of the present in 
vention that the outer fiber~reinforced layers (for ex 
ample, a nickel alloy) have a smaller thermal coeffi 
cient of expansion than the inner layers (for example, 
an aluminum alloy). In that case, the outer layers, for 
example, carbon ?ber~reinforced Ni super alloys upon 
cooling freeze in the radial direction so that a heating 
during the rotation would not ful?ll the requisite pur 
pose. It is thereby proposed in accordance with the 
present invention to undertake the rotation for such 
length of time-~without additional heating of the outer 
zones-~until the inner layers (with the higher thermal 
coefficients of expansion) have solidi?ed and hardened 
so that at room temperature a residual stress condition 
in the tangential direction is also produced. A signifi 
cant characteristic of the present invention resides as 
to the rest with the use of these materials in that during 
the cooling off of the compound body, compressive 
stresses are set up in the axial direction in the outer fi 
ber-reinforced layers and tensile stresses in the inner 
metallic layers. If the outer layers consist, for example, 
of a nickel alloy reinforced with carbon fibers and the 
inner layer of a plain (non-reinforced) aluminum alloy, 
then--as already mentioned above--the thermal coeffi 
cient of expansion is smaller on the outside than at the 
inside; during cooling the inner layers will tend to c0n~ 
tract axially against the essentially frozen outer layers. 
An axial residual stress condition is built-up thereby 
which imparts to the compound body particularly fa— 
vorable properties when subjected to alternating bend 
ing loads, for example, with the use as centrifuging 
drum or the like since under bending the outer layers 
now subjected to tension are prevented from tearing 
thanks to the compressive preload. 
The present invention is further characterized in that 

the transition of the outer layer to the inner layer is pro 
gressive, i.e., produces a drifting transition therebe 
tween, and in that a clinch of both force- and form 
locking type is produced. A compound body with this 
residual or inherent stress condition will not readily 
yield, i.e., will permit only small radial deformations 
under rotation or with the application of an internal 
pressure. Therebeyond, a compound body is produced 
by the present invention which is suited for high tem 
perature used and in which the ?bers are incorporated 
very ?rmly in the matrix. Of course, proper consider 
ation must be given thereby that the requirement for 
fiber stability in high temperature applications limits 
the choice among suitable material systems to those 
that have phase diagrams which preclude or minimize 
compounding, diffusive reaction with the matrix and 
internal oxidation. Considering these factors, for exam 
ple, the following systems are suited for the process of 
manufacture of the rotationally symmetrical body in 
accordance withthe present invention: carbon fibers or 
tungsten ?bers in Ni_-super alloys, or beryllium ?bers in 
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aluminum alloys. Furthermore, the possibility exists to 
optimize the bond and compression of the components 
to the different intended applications by a correspond 
ing adjustment of the rotational speeds of the drum and 
of the casting device. Another advantage afforded by 
this invention resides in that the possibility exists to 
admix in the course of the casting process different ma 
trix materials so that a compound body consisting of 
different layers can be produced, for example, of differ~ 
ent layers the specific modulus E of which may vary in 
magnitude from one layer to the next. Thus, for the use 
of the compound body as centrifuging drum, it will be 
desirable to cause the speci?c modulus E, i.e., the ratio 
of modulus E to density, to increase from the inside to 
ward the outside of the body. The bonding properties 
of such a compound body are considerably superior to 
those of a wound body. Compound bodies in accor 
dance with the present invention are suited, for exam 
ple, for applications as revolving drums in centrifuges, 
as containers, as bearings and rolls or as combustion 
chambers or thrust nozzles in rockets. In the manufac 
ture of rocket nozzles, it may be advisable to admix 
condensation coolants such as graphite. 
The apparatus utilized in to the present invention es 

sentially consists in that a rotating or stationary casting 
device extends into a drum whose bottom carries, for 
example, a drive pin or trunion, whereby radial or tan 
gential nozzles are provided in the longitudinal direc 
tion of the casting device. 
These and further objects, features and advantages of 

the present invention will become more apparent from 
the following description when taken in connection 
with the accompanying drawing which shows, for pur 
poses of illustration only, one embodiment in accor 
dance with the present invention, and wherein: 
The single FIGURE is a schematic cross-sectional 

view of an apparatus in accordance with the formation 
of the rotationally symmetric body of the present in 
vention, by means of which the process for producing 
the present invention can be realized. 
The present invention will be explained, for example, 

by reference to the schematic drawing while the manu 
facturing process will be described in detail by refer 
ence to one embodiment of the apparatus. 

Referring now to the single FlGURE of the drawing, 
reference numeral 2 designates a cylindrical drum to 
tating about a vertical axis and closed off by means of 
a bottom 1. A casting device 3 extends axially into the 
cylindrical drum 2. The casting device 3 consists of a 
cylindrical barrel on which are provided diammetri 
cally oppositely disposed nozzles 4 extending in the 
longitudinal direction. A tubular member 5 terminates 
from above in the barrel; a mixing chamber 6 is ar 
ranged ahead of the tubular member 5, into which are 
fed the desired metals or alloy constituents (arrows A 
and?B) for the corresponding alloy formation. A heat 
ing device in the form of a heating coil 7 may be ar 
ranged extending along the center line of the casting 
device 3. The nozzles 4 or slots may conveniently be 
arranged either radially or tangentially in the barrel 
shroud. Arranged centrally on the bottom 1 of the 
drum 2 is an axially extending pin or trunion 8 which 
serves for the drive and support of the drum 2. The 
schematically indicated bearing is designated by refer 
ence numeral 9. A heating device 10 is inserted into the 
wall ofthe drum 2. The drum 2 is enclosed by a ring 11. 
The entire apparatus is surrounded by a shroud or 

20 

25 

35 

40 

45 

50 

55 

60 

4 
jacket 12 (shown in dash lines) so that the casting oper 
ation can take place optionally in an evacuated or inert 
gas environment. 
The process for the present invention can be ex 

plained readily after the description of the apparatus. 
The ?bers 13, for example, beryllium ?bers in the form 
of staple ?bers are inserted essentially circumferen 
tially in several rows into a skeleton frame of matrix 
material hugging the wall of the drum. For example, 
?ber matting may be optionally inserted in a like man 
ner. The matrix material 14, for example, an aluminum 
alloy, is fed into the mixing chamber 6 in liquid state, 
is homogenized therein, possibly mixed with a wetting 
agent so that an alloy enters the rotating casting device 
at a constant temperature and free from inclusions. 
Once in the casting device, the matrix material is cen 
trifuged through the nozzles against the rotating inner 
drum wall where it immediately envelopes the fibers 
and forms a dense compound body as a result of the 
high centrifugal forces which occur at that time. The 
heating device arranged in the wall of the drum keeps 
the compound body at an elevated temperature. In the 
course of the rotary casting operation, after a dense 
layer has been deposited by centrifuging on the fibers, 
another metal 15, for example, with a slightly higher 
speci?c modulus E but of approximately equal coeffi 
cients of expansions such as an aluminum titanium al 
loy, which compounds with the previously deposited 
metal matrix under proper conditions, may then be 
poured. These conditions have to be adjusted depend 
ing on the desired application of the compound body. 
For example, with the application of the body as 
?ywheel, the outer layer should have a specific gravity 
higher than that of the inner layer. After termination of 
the casting operation of the metal through the nozzles, 
the rotation of the drum is maintained for such length 
of time until the inner layers are cooled off approxi 
mately to room temperature. A solidi?cation of the 
inner layers may occur as a result of continued rotation 
under proper conditions. It is only thereafter that ac 
cording to the present invention the outer layers which 
are essentially still plastic, are slowly cooled off to 
room temperature. 
This produces a shrink-?t which additionally makes 

for an intimate meshing and interlocking of the inner 
and outer layers. The stress conditions which result 
thereby can be in?uenced or optimized without diffi 
culty, for example, by changing the drum wall tempera 
ture. The melting and centrifugal casting in an evacu 
ated or inert gas environment entails the known advan 
tages; it then becomes practicable to produce in this 
manner materials having maximum purity together 
with specific chemical and physical properties without 
having to fear cavities, oxidation and similar imperfec 
tions in the compound material. 
Typical examples for the casting alloy materials 

which can be used with the method according to the 
present invention are those described in the German 
standards DIN-NORM 1725, sheet 2, for example, for 
the Al-alloys material Nos. 3.2151 and 3.2l53, which 
are alloys of the type G-AlSi6Cu4 containing in percent 
by weight 5.0 to 7.5 of Si, 3.0 to 5.0 of Cu, 0.3 to 0.6 
of Mn, 01 to 0.3 of Mg and the rest essentially Al (ex 
cept for the indicated permissive quantities of 
.admixturesnsee in particular material No. 32153.01) 
and of the type G-AlSi1Cu3, containing in percent by 
weight 6.0 to 8.5 of Si, 2.0 to 3.5 of Cu, 0.2 to 0.6 of 
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Mn, 0.1 to 0.3 of Mg and the rest essentially Al. These 
German standards are edited by the Deutscher Nor 
menausschuss, Koln, Kamekestrasse, West Germany, 
and/or West Berlin, Burggrabenstrasse, and are printed 
by Beuth~Vertrieb, Koln, Kamekestrasse, West Ger 
many, through whom these standards are available. 
(The standards referred to herein were in effect as of 
April 19, 1971.) The present invention is also applica 
ble in particular to pressure casting or die casting al 
loys, for example, the Al-alloy materials Nos. 3.2582 
and 3.3292 described in the aforementioned German 
standards, which are alloys of the type GD-AlSim, con 
taining in percent by weight 11.0 to 13.5 of Si, 0 to 0.4 
of Mn and the rest essentially Al (except for indicated 
permissive admixtures-~see in particular material No. 
3.258205) and of the type GD-AlMgg, containing in 
percent by weight 7.0 to 10.0 of Mg, 0 to 2.5 of Si, 0.2 
to 0.5 of Mn and the rest essentially Al (except for indi 
cated permissive admixtures-see in particular material 
No. 3.329205). Typical examples of titanium contain 
ing Al~alloys are those casting alloys described in the 
same German standards, for example, material Nos. 
3.1841 and 3.1371 which are alloys of the type G— 
AlCu4Ti, containing in percent by weight 4.5 to 5.2 of 
Cu, 0.15 to 0.30 of Ti and the rest essentially Al (ex 
cept indicated permissive admixtures--see in particular 
material No. 31841.63) and of the type G-AlCuJiMg, 
containing in percent by weight 4.2 to 4.9 of Cu, 0.15 
to 0.30 of Mg, 0.15 to 0.30 of Ti and the rest essentially 
Al (except for indicated permissive admixtures--see in 
particular material No. 3.l37l.6l ). 
A typical example of the apparatus according to this 

invention and of the method of operating the same are 
as follows: 
The cylindrical drum consists of a high heat-resistant 

steel, for example, of material No. 1.4922 
(X20CrMoVl2-l) or of material No. 1.4981 
(X8CrNiMoNb 16-~16) as described in the aforemen 
tioned German standards, has a diameter of 1 in. max. 
and is rotated with a circumferential velocity of about 
v = 50-200 mlsec. The casting temperature of the Al 
alloys is about 650° C - 700° C. The duration of rotation 
1,,» is dependent on the desired degree of compression 
of the compound body and on the cooling-off time of 
the compound body with an unheated and with a 
heated drum. However, on the average I“ is about 
l5-30 min. 
The foregoing are merely representative values and 

materials to which this invention is applicable. How 
ever, it is understood that the present invention is appli 
cable also to numerous other materials as known to 
those skilled in the art and as used heretofore in con 
nection with analogous prior art methods. For example, 
conventional nickel alloys or conventional Ni 
superalloys may also be used, for example, as the outer 
or inner plain metal material. ‘ 
Thus, while I have shown and described only one em 

bodiment in accordance with the present invention, it 
is understood that the same is not limited thereto but 
is susceptible of numerous changes and modi?cations 
as known to those skilled in the art. For example, it is 
quite apparent that various modifications are possible 
as regards material selection and construction without 
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6 
departing from the spirit of the present invention. For 
example, it may be of advantage for the manufacture 
of compound bodies of large bearings to arrange the 
casting device in the drum to be axially displaceable so 
that the casting device moves from one end of the drum 
to the other during the casting operation. Any suitable 
means of known construction may be used to obtain 
the suitably controlled displacement of the casting de 
vice. A compound body can be made by a correspond 
ing selection of the casting material and matching of 
the feed of the casting device and rotational speed of 
the drum as well as the cooling conditions, which ex 
hibit the optimum properties desired for the particular 
application. Obviously, the use of a further bearing of 
the drum is necessary with the use of a longer drum for 
the manufacture of longer compound bodies. Thus, it 
is quite apparent that the present invention is not lim 
ited to the details shown and described herein, and I 
therefore do not wish to be limited to the details shown 
and described but intend to cover all such changes and 
modifications as are encompassed by the scope of the 
appended claims. 

1 claim: 
1. Rotationally symmetrical hollow compound body 

consisting of two layers, arranged one within the other, 
each part merging into the other without gaps, and 
characterized by the combination of the following fea 
tures: 

a. the inner layer essentially consists of metal se 
lected from the group consisting of alloys on a 
nickel, titanium, cobalt or aluminum basis; 

b. the outer layer essentially consists of a fibrous ma 
terial selected from the group essentially consisting 
of tungsten, beryllium, steel, boron, carbon or sili 
con carbide ?ber, which are: arranged as coiled 
endless fiber, staple fiber or fiber matting, whereby 
the spaces between the individual fibers are cast 
with one of the metals mentioned under (a), 
thereby providing a low density structure; 

c. said materials of the outer and inner layers being 
selected such that the heat expansion coefficient of 
the metal inner layer is equal to or larger than that 
of the outer layer, and said material of said outer 
layer exhibits a specific modulus less than the spe 
ci?c modulus of said material of the inner layer; 
and 

d. when the compound body is at rest the outer layer 
shows evidence mainly of tensile stress, the inner 
layer mainly of pressure stress so that the com~ 
pound body exhibits small radial deformations 
under rotation or with the application of an inter 
nal pressure. 

2. A compound body according; to claim 1, wherein 
said outer layer is ?brous material of beryllium being 
cast with an aluminum alloy, and said inner layer is an 
aluminum-titanium alloy providing an approximately 
equal heat expansion coefficient to said outer layer. 

3. A compound body according; to claim 11, wherein 
said outer layer is a ?brous material of carbon being 
cast with a nickel alloy, and said inner layer is an alumi 
num alloy providing a larger heat expansion coefficient 
than said outer layer. 

' * >l< * =l< * 


