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GAS COMPRESSOR 

The present invention relates to a gas compressor 
provided with at least one set of a cylinder and a piston, 
and in particular to a gas compressor comprising at 
least one set of a sleeveless cylinder and a ringless 
piston which are both made of aluminum-alloy. 

Generally, in the ?eld of gas compressors, especially 
those mounted on vehicles for air-conditioning, there is 
an increasing use of aluminum alloys as cylinder 
material mainly for the purpose of making the weight 
thereof light. Usually a sleeve made of cast iron or fer 
rous sintered metal is fitted (by means of pressure in 
sertion or integral casting) into the inside wall surface 
of the cylinder in order to prevent wear and sticking 
resulting from sliding friction between the piston and 
the aluminum alloy. Many studies on the adoption of 
aluminum alloys for use as piston material because of 
its lightness have been carried out in the various ?elds, 
and at the present stage it seems that hyper eutectic 
crystals of an Al-Si alloy with a silicon content of IS to 
25 percent by weight brings about good results. 
The hyper eutectic crystals of an Al~Si alloy are 

highly suitable in that in addition to its wear-resistance 
its thermal expansion coefficient is relatively small for 
an aluminum alloy and most closely approximates that 
of a sleeve made of iron base alloys. However because 
its thermal expansion coefficient is not exactly equal to 
that of the iron base alloys it is very difficultto maintain 
the clearance between the piston and the inside wall 
surface of the cylinder (referred to as piston clearance 
hereinafter) constant during operation. That is, if the 
piston clearance is set to be correct at a high tempera 
ture, the clearance at a low temperature whereat it is 
particularly required to utilize the compressor capabili 
ty is large owing to the thermal expansion difference 
between the piston and the cylinder and thus the volu 
metric ef?ciency of the compressor is reduced. While if 
the choice is made so as to be correct at a low tempera 
ture the clearance at a high temperature is extremely 
small, which leads to sticking which is one of the main 
drawbacks preventing the speeding up of the compres~ 
sor. 

It is, therefore, an object of the present invention to 
eliminate the aforementioned disadvantages. 

It is another object of the present invention to pro 
vide a novel compressor of highwear-resistance in 
which a piston and a cylinder are both composed of an 
Al-Si alloy. 

It is still another object of the present invention to 
provide a novel compressor in which a ringless piston 
and a sleeveless cylinder are used. 
As a result of various studies on the sleeveless 

cylinder with the object of producing a compressor 
which is light in weight and capable of being speeded 
up and also easy to make, the applicants have found 
that a combination of a piston and cylinder having ap 
proximately the same wear-resistance as that of the 
conventional compressor using a sintered sleeve may 
be obtained by using hyper-eutectic crystals of an Al-Si 
alloy as the piston material and forming in the inside 
wall surface of the eutectic crystals an Al-Si alloy 
cylinder, a compact chill structure of high wear-re 
sistance provided through the use of die casting. 

In general, it is well-known that when an Al-Si alloy 
is subjected to improved treatment or quenching a eu 
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2 
tectic crystal structure comprising fine particles 
uniformly distributed therein may be obtained. This 
crystal structure is difficult to deform under the action 
of external force and otherwise excellent in mechanical 
qualities. It is thought that this may be attributed to the 
fact that by re?ning and granulating silicon crystals the 
degree of stress concentration surrounding the silicon 
crystals is allowed to distribute be distributed and thus 
reduced whereby the stress distribution in the material 
is made uniform. This effect is also beneficial for wear 
resistance. 

In general, it may be estimated from the uniformity 
of carbide through the spheroidization of alloy steel 
and chill structure of white metal. etc. that ifa soft sub 
strate is under-laid by a harder phase, the finer and 
more uniform is the distribution of the phase. In other 
words, the finer the hard particles, and the shorter the 
distance between the adjacent particles, the better the 
resulting properties such as wear-resistance. 
The present invention is substantially based on the 

above-mentioned theory and it has therefore become 
possible to provide a novel gas compressor comprising 
at least one set of a piston and a cylinder, both com 

posed of an Al-Si alloy mainly containing eutectic 
crystals, the inside wall surface portion of said cylinder 
being formed ofa compact chill structure layer. 

In the preferred compressor according to the present 
invention the cylinders of an may be made of eutectic 
crystal Al~Si alloy and the piston may be made of hyper 
eutectic crystals of an Al-Si alloy. 

Further, because the present invention provides a 
ringless piston and a sleeveless cylinder, the design of 
the compressor is much simplified. 
The advantages and other objectives according to 

the present invention will be better understood from 
the following examples with reference to the accom 
panying drawings wherein, 

FlG. l is a cross-sectional side view of one of the 
preferred compressors according to the present inven 
tion, 

FIG. 2 is a microscopic photograph showing the sur 
face structure of the cylinder cut along the [1-H line in 
FIG. 1, 
HO. 3 is a microscopic photograph showing the 

deeper structure of the cylinder cut along the Ill-[ll 
line in FIG. 1, 

FIG. 4 is a characteristic diagram showing the rela 
tion between temperature change and piston clearance, 

FIG. 5 is a characteristic diagram showing the rela 
tion between temperature change and thermal expan 
sion for various materials, and 

FIG. 6 is a characteristic diagram showing the rela 
tion between piston clearance and volumetric efficien 
cy. 

Referring to FIG. I, l is a cylinder, 2 a ringless 
piston, 3 crankshaft, 4 the portion accommodating the 
ringless piston, 5 valveplate, 6 suction chamber, and 7 
exhaust chamber. 

Cylinder I may be produced by die casting using an 
aluminum-silicon mixture in which the silicon content 
is such that normal eutectic crystals or eutectic crystals 
having a small amount of hyper-eutectic crystals may 
be formed. Through the die casting operation, the sur 
face of the cylinder is quenched to provide a chill struc 
ture. As is apparent from FIG. 2, the chill structure ap 



3,727,524 
3 

pearing on the inside wall surface portion is composed 
of eutectic crystals including a small amount of primary 
crystals (dendrite) incorporated into fine silicon 
crystals. In this case, the chill layer is supercooled by 
quenching and the eutectic point of the Al~Si phase dia 
gram deviates in the right hand direction and thus a 
small amount of hyper-eutectic crystal composition 
may be converted into eutectic crystal structure 
without depositing primary crystals of silicon. How 
ever, the portion deeper than the chill layer is super 
cooled to a less extent as the cooling rate therein is 
relatively slow. Therefore, the wear-resistant primary 
crystal of silicon deposits, but the coarse needle-like sil 
icon eutectic crystals develops throughout as shown in 
FIG. 3 which leads to reduction in wear-resistance. It is 
known from the preceding report that the wear-re 
sistance of an Al~Si alloy increases as the silicon con~ 
tent approaches the eutectic crystal composition, but if 
the silicon content exceeds the eutectic crystal com 
position, the wear-resistance does not further increase, 
which fact is attributed to the presence of the primary 
crystals of silicon. In this connection, it is natural that 
the strength deteriorates as the primary crystals of sil 
icon deposit out. Accordingly. it will be understood 
that the silicon content must be limited when the com 
pressor is operated under a high pressure as in the 
present invention. 

In accordance with the present invention a compact 
chill structure layer to be formed and retained in the in 
side wall surface portion of the cylinder may be 
produced by using a die-casting. 

In this manner, there is present a compact chill struc 
ture layer in the inside portion adjacent to the surface 
layer which prevents blow hole defects such as fine pin 
holes, which tend to develop in the inside from emerg 
ing to the surface, so that it plays an effective part in 
maintaining an air-tight surface like a moulding sur 
face. And simultaneously, by the positive use of this 
chill structure layer, an effective, practical wall surface 
of the cylinder may be obtained without any particular 
surface treatment. 
The following table shows the comparison of wear of 

the present compressor with the conventional compres 
sor in which hyper-eutectic crystals of an Al-Si alloy 
are used in the piston and a ferrous sintered metal 
sleeve is used in the cylinder. The table was compiled 
from a continuous test over 500 hours carried out 
under the conditions of 4600 rpm, 22 to 24 kg/cm'z 
maximum cylinder pressure, and an intermittent test 
over 400 hours carried out under the conditions of 
4800 rpm, 19 to 20 kg/cm2 maximum cylinder pres 
sure, and operating times of 25 sec on and 5 sec off. 

TABLE 
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The combination of a cylinder and piston, in ac 

cordance with the present invention, is characterized in 
that the relative thermal expansions function to extend 
slightly the piston clearance at a high temperature 
rather than that at a low temperature. As can be seen 

from FIG. 4 and FIG. 5 with the conventional compres 
sor the thermal expansion coefficient of the sleeve 
made of ferrous sintered metal is less than that of the 
piston composed of hyper-eutectic crystals of an Al-Si 
alloy, so that the piston clearance progressively 
diminishes with increase oftemperature. 

In FIG. 4, curve A is for the present compressor, 
comprising the eutectic crystals Al-Si and hyper eutec 
tic crystals of an Al~Si alloy system, and curve B for the 
conventional compressor comprising an Fe and hyper 
eutectic crystals of an Al-Si system. In FIG. 5, curve C 
indicates eutectic crystals of an Al-Si alloy, curve D 
hyper eutectic crystals of an Al-Si alloy and curve B 
ferrous sintered metal, respectively. 
Now, if an appropriate clearance (about 10 p.) is 

required in the neighborhood of the highest tempera 
ture (about 100°C) the clearance at a low temperature 
becomes extremely large (about 34 p) which reduces 
the volumetric efficiency. In contrast, with the com 
pressor in accordance with the present invention an ap 
propriate clearance (about l0 it) set at a low tempera 
ture increases only to 25 ,u. in the neighborhood of the 
highest temperature as the thermal expansion coeffi 
cient of the cylinder is rather larger than that of the 
piston. However, a high volumetric efficiency is 
required when the temperature is low i.e. when the 
cooling effect is insufficient rather than when the tem 
perature is high i.e. when the cooling effect is excessive 
and therefore it is important to maintain the ap 
propriate piston clearance at a low temperature as in 
the present invention. 

FIG. 6 is a characteristic diagram showing the rela 
tion between the piston clearance and the volumetric 
efficiency and it may be suggested from this diagram 
that the piston clearance preferably falls within the 
range of about 10 to 30 11.. 
As stated above, the compressor according to the 

present invention is constructed in such a manner that 
the ringless piston composed of hyper-eutectic crystals 
of an Al-Si alloy moves within the sleeveless cylinder 
composed of an Al-Si alloy having eutectic crystal 
structure. In this construction it is possible not only to 
omit the cylinder sleeve and piston ring of the prior art 
and to eliminate the time required for fitting these 
members to the cylinder or piston. but also to set the 
piston clearance under a low temperature condition 
without taking any precaution to meet the situation at a 

'I‘lw prior mmprvssur 

lllll'llllllll‘lll 

It will be apparent from the results that the present high temperature, whereby the improvement in volu 
compressor is entirely free from sticking and superior 65 metric efficiency and the adaptability of the commas 
to the conventional compressor concerning wear-re 
sistance. 

sor for speeding up is obtained. 
Furthermore, the compressor according to the 
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present invention has the advantage that as the inter piston and a cylinder accommodating said piston 
face friction between aluminum alloys is smaller than wherein 
that between aluminum alloy and ferrous sintered said piston‘ is composed ofa hyper-eutectic crystal~ 
metals and the vibration absorption factor of aluminum v “"8 Al's‘ alloy; 

alloy is larger than that of ferrous sintered metals it is 5 said cylinder is composed andALSi alloy mainly 
possible to remarkably reduce noise during operation. c(_)mf1mmg eutect'c crystal 5’ a"_ _ 
The invention has been described in detail with pap the inside wall surface of said cylinder 18 formed of a 

ticular reference to a preferred embodiment thereof, chinstrucmre layer‘ _ _ _ 

but it will be understood that variations and modi?ca- 2- A gas compressor according m clmm 1' wherem 
tions can be effected within the spirit and scope of the 10 said cylinder is a sleeveless cylinder. 
invention as already described above- 3. A gas compressor according to claim I, wherein 
What we claim is: 

_ , said piston is a ringless piston. l. A gas compressor comprising at least one set of a 
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