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Method of manufacturing a rotor made of aluminum powder alloy having a steel shaft.

A steel shaft is disposed in a forging metallic die, and aluminum alloy powder or its preliminarily
formed body is charged in the metallic die around the steel shaft. The aluminum alloy powder or its
preliminarily formed body is forged so that a rotor of aluminum powder alloy is manufactured, and at the
same time, the rotor is connected and fixed to the shatft.
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BACKGROUND OF THE INVENTION

The present invention relates to a method of manufacturing a rotor made of aluminum powder alloy having
a steel shaft used for an air compressor and the like.

The weight of a rotor used for a compressor and the like is required to be low, and the mechanical strength
thereof is required to be high. Therefore, a rotor made of aluminum powder alloy is used, which is manufactured
from aluminum alloy powder by means of powder metallurgy. That is, aluminum alloy powder made by the
quenching solidification method is used, and solidified by means of sintering, forging or the like so as to man-
ufacture a rotor made of aluminum powder alloy.

The thus manufactured rotor made of aluminum powder alloy is connected and fixed by various methods
to a steel shaft which has been differently made. Examples of commonly used connecting methods are: a hot
upsetting method in which a rotor, the size of which is a little larger than a predetermined one, is disposed
around a shaft in a metallic die, and then the rotor is compressed at a raised temperature so that the rotor can
be connected and fixed to the shaft; a press-fitting method in which the inner circumferential surface of a rotor
and the outer circumferential surface of a shaft are subjected to serration processing, and then the shaft is
mechanically fitted onto the inner circumferential surface of the rotor so that the shaft is fixed to the rotor; and
a shrinkage fitting method in which a heated rotor is fitted to a shaft and then cooled so that the rotor and
shaft are connected and fixed to each other by using a difference between the thermal expansion coefficients.

In the conventional connecting methods described above, the rotor made of aluminum powder alloy and
the steel shaft are differently manufactured, and further not only the shaft but also the inner circumferential
surface of the rotor must be machined so that the size and configuration can be appropriately adjusted. Ac-
cordingly, the conventional connecting methods are disadvantageous in that the number of manufacturing
processes is increased and the cost is high. Especially, in the case of the press-fitting method, the complicated
serration processing is required, and the serration processing is one of the main reasons of high cost.

Furthermore, according to the conventional connecting methods, it is difficult to completely connect the
aluminum powder alloy rotor with the steel shaft, and a gap tends to be formed on a connection interface be-
tween the rotor and the steel shaft. For this reason, the connecting strength is low. In the case where the hot
upsetting method is adopted, an end surface of the rotor is subjected to plastic deformation and an amount of
the plastic deformation is large. Accordingly, this method is disadvantageous in that cracks tend to occur in
the rotor.

SUMMARY OF THE INVENTION

The present invention has been made in view of the circumstances of the conventional methods. It is an
object of the present invention to provide a method of manufacturing a rotor made of aluminum powder alloy
having a steel shaft characterized in that: the steel shaft is connected and fixed to the rotor made of aluminum
powder alloy simultaneously when the aluminum powder alloy rotor is manufactured, so that the number of
manufacturing processes is reduced and accordingly the cost is reduced; the occurrence of cracks is avoided
in the process of connection; and the connecting strength of the rotor and shaft can be enhanced.

In order to accomplish the above object of the present invention, the present invention provides a method
of manufacturing a rotor made of aluminum powder alloy having a steel shaft comprising the steps of: disposing
a steel shaft in a forging metallic die; charging aluminum alloy powder or a preliminarily formed body of alu-
minum alloy powder into the metallic die around the shaft; and forging the aluminum alloy powder or the pre-
liminarily formed body so that a rotor of aluminum powder alloy is manufactured and at the same time the rotor
and the shaft are connected and fixed to each other.

According to the present invention, when the aluminum alloy powder or its preliminarily formed body is
forged, the rotor made of aluminum powder alloy is manufactured, and at the same time the rotor made of alu-
minum powder alloy is integrally connected with and strongly fixed to the steel shaft in the same process. Con-
sequently, compared with the conventional methods, the rotor made of aluminum powder alloy having a steel
shaft can be manufactured with the reduced number of the manufacturing processes and with the reduced
cost.

In the case of the rotor of aluminum powder alloy manufactured by the above described method of the
present invention, it is not necessary for the inner circumferential surface of the rotor to be subjected to cutting.
Accordingly, no traces of cutting are left on the inner circumferential surface of the rotor, and further the inner
circumferential surface of the rotor is deformed and solidified along the outer circumferential surface of the
steel shaft by forging, so that the inner circumferential surface of the rotor is connected with and fixed to the
outer circumferential surface of the steel shaft without leaving any gaps. Consequently, the rotor that has not
been damaged at all is connected with the steel shaft through the largest connecting area. Therefore, the con-
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necting strength can be greatly enhanced compared with that of the conventional method. When aluminum
alloy powder or its preliminarily formed body is forged at a raised temperature, the connecting strength can
be further enhanced by the effect of shrinkage fitting provided by the cooling after forging operation has been
completed.

Especially when the steel shaft is forged while it is preliminarily heated to a temperature of 100°C or higher,
and below the annealing temperature of the shaft, a reaction layer of aluminum and iron is formed on the con-
nection interface between the outer circumferential surface of the shaft and the inner circumferential surface
of the aluminum powder alloy rotor, so that a stronger connection can be accomplished. Incidentally, an oxide
film is formed on the outer circumferential surface of the steel shaft in a process of heat treatment or the like.
When at least the oxide film existing on the surface where the steel shaft is connected with the aluminum pow-
der alloy rotor, is previously removed by means of acid cleaning or the like, it is possible to facilitate the for-
mation of the reaction layer.

When roughness in which a difference between the top and bottom is not less than 0.5 mm is formed at
least on the outer circumferential surface of the steel shaft where it is connected with the aluminum powder
alloy rotor, or when the surface of the connecting portion is made rough in such a manner that the surface
roughness R« according to JIS B 0601 is not less than 0.8S, the connecting strength can be effectively en-
hanced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing a condition in which a preliminarily formed body of aluminum alloy powder
and a steel shaft are inserted into a forging metallic mold in the method of the present invention,

Fig. 2 is a sectional view showing a condition in which forging operation of aluminum alloy powder has
been completed in the method of the present invention,

Fig. 3 is a sectional view showing a condition in which a rotor made of aluminum powder alloy having a
steel shaft is discharged from the forging metallic die in the method of the present invention, and

Fig. 4 is a perspective view showing a method of measuring the slippage torque between the rotor and
shaft.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described with reference to the accompanying
drawings.

As raw material powder, aluminum alloy powder of 5 types of composition was prepared for rotors, and
each aluminum alloy powder was pressurized and formed into a preliminarily formed cylindrical body in which
the outer diameter was 65 mm, the inner diameter was 17 mm, and the length was 60 mm. On the other hand,
as a shaft to which the rotor was connected and fixed, a shaft made of black molybdenum steel was prepared,
in which the outer diameter of the connecting portion was 15 mm and the overall length was 135 mm.

[TABLE 1]

Number | Composition of Rotor (weight %)

(1) |A-17Si-5Fe
(2) |A-10Si-5Fe-6Ni
(3) |A-25Si-2.5Cu-1Mg
4) |A-40Si

(5) |A-20Si-7.5Ni

As illustrated in Fig. 1, a preliminarily formed body 6 of Al alloy powder was charged onto an upper portion
of a lower punch 2 inside a forging metallic die 1 while the preliminarily formed body 6 was heated to a tem-
perature immediately below the eutectic temperature of Al alloy. Also, a steel shaft 5 was inserted onto an upper
portion of a core rod 3 inside the lower punch 2. With respect to the steel shaft 5, the following conditions were
variously changed: the shaft temperature; the difference between the top and the bottom of roughness on the
connecting portion of the shaft where the shaft is connected to the rotor; and the surface roughness R, of
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the connecting portion of the shaft. Further, some of the steel shafts were subjected to acid cleaning for re-
moving the oxide films formed on the surfaces, and others were not subjected to acid cleaning.

Next, as illustrated in Fig. 2, the preliminarily formed body 5 was subjected to hot forging by an upper punch
4 and the lower punch 2 with a forging pressure of 7 to 10 ton/cm?2 so that the preliminarily formed body 5 was
solidified to a density of 100%. In this way, a rotor 7 of Al powder alloy of which the composition is shown in
Table 1 was made. After that, as illustrated in Fig. 3, the lower punch 2 and the core rod 3 were raised and the
rotor 7 made of Al powder alloy was recovered. The outside diameter of each rotor 7 of Al powder alloy obtained
in this way was 66 mm, and the length was 45 mm. Each rotor was connected and fixed to the steel shaft 5.

By the test method shown in Fig. 4, slippage torque of the thus obtained rotor of Al powder alloy having a
steel shaft was measured in the following manner: After the rotor 7 made of Al powder alloy had been fixed to
a rotor mount 8, the steel shaft 5 was rotated with a torque wrench 9, and the slippage torque of the steel shaft
5 was measured when the steel shaft 5 was rotated. The results of the measurement are shown in Table 2
together with the shaft temperature, the difference between the top and the bottom of roughness on the shaft
surface, the surface roughness R, and the existence of an oxide film.

As a comparative example, the rotor of Al powder alloy of the same size and composition as those descri-
bed above and the steel shaft were separately made, and the inner circumferential surface of the rotor and
the outer circumferential surface of the shaft were subjected to serration processing, and then the shaft was
press-fitted into the rotor heated to a temperature immediately below the eutectic temperature of Al alloy, and
the rotor and shaft were cooled so as to be connected and fixed to each other. With respect to the conventional
rotor of Al powder alloy having a steel shaft which was manufactured using both the press-fitting and the shrink-
age fitting methods, slippage torque was measured in the same manner as described above, and the results
of measurement are shown in Table 2.
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[TABLE 2]
Surface condition of the shaft
sl N o A ol
) mas | roughness (mm) gm)

1 Q) R.T. 2.08 0.5 No a8
2-1 (1) 200 2.08 0.5 No 152
2-2 2) ditto ditto ditto ditto 170
2-3 3) ditto ditto ditto ditto 163
2-4 4) ditto ditto ditto ditto 111
2-5 (5) ditto ditto ditto ditto 139
31 (1) 300 0.38 0.5 No 107
3-2 2) ditto ditto ditto ditto 125
4-1 (1) 300 6.0S 0.5 No 139
4-2 2) ditto ditto ditto ditto 156
4-3 3) ditto ditto ditto ditto 150
4-4 4) ditto ditto ditto ditto 102
4-5 (5) ditto ditto ditto ditto 112

5 ) 300 2.08 ~0 No 84

6 (1) 300 2.08 0.5 Yes 109
71 (1) 550 2.08 0.5 No 158
7-2 2 ditto ditto ditto ditto 184
7-3 3) ditto ditto ditto ditto 159
Compa 1) R.T - 0.1 Yes 60

According to the results shown in Table 2, the following can be recognized: concerning each of the sample
Nos. 1 to 7 of the rotor made of Al powder alloy having a steel shaft of the present invention, slippage torque
was much larger than that of the comparative example manufactured by the conventional method, and the con-
necting strength of the shaft and rotor was greatly improved. Especially, improvements in the connecting
strength were greatly affected by the preliminary heating of the shaft and the configuration of roughness
formed on the shaft surface. With respect to the sample Nos. 2 to 7 in which the shafts were preliminarily heat-
ed, a section of the connecting portion of the shaft and rotor was observed using a scanning type electron
microscope. As a result, existence of the reaction layer of Al-Fe was recognized in all the sections.

Further, 100 pieces of rotors made of Al powder alloy having a steel shaft of the sample No. 7 (3 types)
of the present invention were manufactured, and also 100 pieces of rotors made of Al powder alloy having a
steel shaft of the comparative example were manufactured so as to investigate the percent of defective product.
In the comparative example, the percent of defective product due to the cracks of rotors was 2%. On the other
hand, in the sample No. 7 of the present invention, there was no occurrence of defective products.

According to the present invention, simultaneously when the rotor made of aluminum powder alloy is man-
ufactured by means of forging, it can be connected and fixed to the steel shaft without leaving any gaps. Ac-
cordingly, redundant manufacturing processes can be omitted and manufacturing cost can be reduced. At the
same time, the rotor is not cracked in the process of connection, and the connecting strength of the rotor and
shaft of the present invention can be greatly enhanced as compared with the conventional rotor and shaft.
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Claims

1.

A method of manufacturing a rotor made of aluminum powder alloy having a steel shaft, comprising the
steps of:

disposing a steel shaft in a forging metallic die;

charging aluminum alloy powder or a preliminarily formed body of aluminum alloy powder into said
metallic die around said shaft; and

forging said aluminum alloy powder or said preliminarily formed body so that a rotor made of alu-
minum powder alloy is manufactured and at the same time said rotor is connected and fixed to said steel
shaft.

The method of manufacturing a rotor made of aluminum powder alloy having a steel shaft according to
claim 1, wherein the step of forging is performed while said steel shaft is heated to a temperature not
less than 100°C and less than an annealing temperature of said steel shaft.

The method of manufacturing a rotor made of aluminum powder alloy having a steel shaft according to
claim 1, wherein roughness is formed at least on a connecting portion of an outer circumferential surface
of said steel shaft where the outer circumferential surface of said steel shaft is connected with said rotor
made of aluminum powder alloy, said roughness being formed in such a manner that a difference between
a top portion and a bottom portion of the roughness is not less than 0.5 mm.

The method of manufacturing a rotor made of aluminum powder alloy having a steel shaft according to
claim 1, wherein surface roughness R, according to JIS B 0601 of at least a connecting portion of an
outer circumferential surface of said steel shaft where the outer circumferential surface of said steel shaft
is connected with said rotor made of aluminum powder alloy, is not less than 0.88S.

The method of manufacturing a rotor made of aluminum powder alloy having a steel shaft according claim
1, wherein an oxide film, which exists at least on a connecting portion of an outer circumferential surface
of said steel shaft where the outer circumferential surface of said steel shaft is connected with said rotor
made of aluminum powder alloy, is removed before the step of disposing.

The method of manufacturing a rotor made of aluminum powder alloy having a steel shaft according to
claim 2, wherein a reaction layer of aluminum and iron is formed in a connecting interface where an outer
circumferential surface of said steel shaft is connected to an inner circumferential surface of said rotor
made of aluminum powder alloy as a result of the step of forging.
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