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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 6 
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Fig. 8 
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Fig. 11 
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Fig. 13 
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Fig. 16 
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Fig. 17 
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POWER GENERATING DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to an electric power 
generator utilizing a scroll compressor as an air compressor. 

BACKGROUND TECHNIQUE 

[0002] A turbo-air compressor and a sWirl air compressor 
are used as air compressors Which supply air and Which are 
utilized in polyelectrolyte fuel cells Which are electric poWer 
generators. A turbo-air compressor is an air compressor in 
Which a turbofan is rotated at high speed to increase the 
pressure by a centrifugal force. The turbo-air compressor is 
incorporated in a home vacuum cleaner, and the turbo-air 
compressor is normally rotated at high speed of 15,000 to 
25,000 rpm. Thus, there is a problem that lifetime of the 
turbo-air compressor is as short as 5,000 hours, and its noise 
is also high. A sWirl air compressor is an air compressor in 
Which a rotation disk having a large number of radial 
grooves along its outer periphery causes turbulent How and 
shearing effect to increase the pressure. Although high 
pressure can be generated as compared With circumferential 
speed, there is a problem that poWer consumption is high, 
operation ef?ciency is loW and noise is high. 

[0003] A home polyelectrolyte fuel cell generally has 
output of 1 KW to 1.5 KW, and an electricity loss of an 
accessory machine such as an air compressor or an inverter 
is about 200 W. An electricity loss of the air compressor is 
about 100 W. The greatest object for the polyelectrolyte fuel 
cell is to reduce an electricity loss of an accessory machine. 
A home polyelectrolyte fuel cell is usually used during the 
full year, and its lifetime should be at least ten years on an 
economically viable basis. Ideally, lifetime of 80,000 hours 
or more is preferable, but under present technical circum 
stances, lifetime of 40,000 hours or more is required. That is, 
as an air compressor Which is utiliZed for a polyelectrolyte 
fuel cell and Which supplies air, there is desired an air 
compressor in Which it is possible to control optimal static 
pressure, Wind amount and the like Which are proportional 
to generated electricity, the electricity loss is small, a blade 
is rotated at loW speed to elongate the lifetime, and the noise 
is loW. 

[0004] A scroll compressor Which can be used as the air 
compressor Will be explained With reference to FIGS. 16 to 
18. FIG. 16 is a sectional vieW shoWing a conventional air 
compressor. FIG. 17 shoWs a scroll-meshing state of the air 
compressor shoWn in FIG. 16. FIG. 18 is a bird’s eye vieW 
shoWing a bearing structure of the air compressor shoWn in 
FIG. 16. 

[0005] In a scroll compressor as an air compressor shoWn 
in FIG. 16, a revolution scroll member 101 of a revolution 
scroll member 101 stands on one surface of a revolution lap 
support disk 101b, and a ?xed scroll lap 102a of a ?xed 
scroll member 102 stands on one surface of a ?xed lap 
support disk 102b. The ?xed lap support disk 102b is 
provided at its center With a discharge port 102c for dis 
charging compressed gas. The revolution lap support disk 
101b is provided at its center With a revolution shaft support 
hole 105 into Which an eccentric shaft 103a of a drive shaft 
103 is inserted. The drive shaft 103 provided at its one end 
With the eccentric shaft eccentric shaft 103a. The other end 
of the drive shaft 103 is connected to a rotor of a drive motor 
106. 
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[0006] The eccentric shaft 103a of the drive shaft 103 is 
rotatably provided in a revolution shaft support hole 105 
through tWo single roW deep groove bearings 105a and 
105b. To reduce a gap of the single roW deep groove bearing 
105b in its radial direction, a pre-load is applied to an outer 
ring of the single roW deep groove bearing 105b in its thrust 
direction at the bellevile spring 103c. The outer ring of the 
single roW deep groove bearing 105a is ?xed to the revo 
lution lap support disk 101b through a cap ring 108 and a 
bolt 111 so that the revolution shaft support hole 105 does 
not move in the axial direction. 

[0007] The revolution lap support disk 101b is pivotally 
supported by a plurality of crankshafts 104 to prevent the 
revolution scroll member 101 from rotating. One single roW 
deep groove bearing 104b is ?tted over a shaft of the 
crankshaft 104 closer to the revolution scroll member 101, 
and the crankshaft 104 is pivotally supported by the revo 
lution scroll member 101 through a bearing 104b. TWo 
single roW deep groove bearings 104a are ?tted over the 
other shaft of the crankshaft 104 opposite from the revolu 
tion scroll member 101. The crankshaft 104 is pivotally 
supported by a revolution support plate 109 through tWo 
single roW deep groove bearings 104a. Manufacturing error 
of each of the crankshafts 104 in the thrust direction siZe L1 
may generate unnecessary internal stress in the revolution 
lap support disk 101b. To prevent this, the crankshaft 104 is 
biased in the axial direction by the bellevile spring 104c. 

[0008] A gas compressing chamber 107 is formed betWeen 
the revolution scroll lap 110a and the ?xed scroll lap 102a. 
As the revolution scroll member 101 revolves, the gas 
compressing chamber 107 is moved from the outer periph 
ery side toWard the inner periphery side in succession and 
With this movement, the compressing space is reduced, the 
compressed gas is discharged out from the discharge port 
102c. 

[0009] If the drive shaft 103 is rotated by the drive motor 
106, the revolution scroll member 101 rotates together With 
the drive shaft 103, but since the revolution scroll member 
101 is prevented from rotating by the crankshaft 104, the 
revolution scroll member 101 revolves around the drive 
shaft 103. 

[0010] When the revolution scroll member 101 revolves, 
a centrifugal force P is applied to a barycenter of the 
revolution scroll member 101, and the centrifugal force P 
alloWs the revolution lap support disk 101b to generate a 
bending moment M. Since the crankshaft 104 can move in 
the axial direction by the bellevile spring 104C, the crank 
shaft 104 can not support the bending moment M. Thus, this 
bending moment M is received by the tWo single roW deep 
groove bearings 105a and 105b provided on the eccentric 
shaft 103a. 

[0011] From the above fact, to reduce the centrifugal force 
P, a light mass material such as aluminum is used for the 
revolution scroll member 101 in many cases. In this case, 
Wear resistances of ?tting surfaces of the single roW deep 
groove bearings 105a and 105b ?tted over the eccentric 
shaft 103a, and of the outer ring of the single roW deep 
groove bearing 104b ?tted over tWo or more crankshafts 104 
are reduced. Thus, iron ring members 110a and 110b are 
inserted. 

[0012] In order to alloW the revolution lap support disk 
101b to revolve in parallel to the ?xed lap support disk 102b, 
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it is necessary to keep the drive shaft 103 and the eccentric 
shaft 103a in parallel to each other. 

[0013] However, a lap height is usually smaller than an 
outer shape of the revolution lap support disk 101b, and 
since the bending moment M caused by the centrifugal force 
P of the revolution scroll member 101 is supported, a gap 
betWeen the single roW deep groove bearing 105a and the 
single roW deep groove bearing 105b can not be increased. 
Further, since the thickness of the eccentric shaft 103a can 
not be increased, the revolution scroll member 101 is bent by 
the bending moment M, the drive shaft 103 and the eccentric 
shaft 103a can not be kept in parallel to each other, and this 
may cause a noise. Therefore, in order to reduce the bending 
moment M, it is important to use a light material lighter than 
aluminum as the revolution scroll member. 

[0014] Thereupon, it is conventionally proposed to use 
resin for the scroll member (e.g., Japanese Patent Applica 
tions Laid-open No.S63-85278, No.S62-199981, No.S61 
38187, No.H5-106402 and No.S59-79090). Among them, 
Japanese Patent Applications Laid-open No.S61-38187 dis 
closes a scroll compressor. This compressor comprises a 
?xed scroll mainly made of synthetic resin, a turning blade, 
a turning scroll Whose mirror plate and a portion receiving 
the eccentric rotation are made of synthetic resin, and a 
reinforcing material made of Wear resistant material. This 
reinforcing material is integrally connected to a back surface 
opposite from a surface on Which the turning blade of the 
mirror plate of the turning scroll, and is also integrally 
connected to a receiving surface receiving the eccentric 
rotation. As the Wear resistant material, this publication 
discloses metal such as aluminum alloy. 

[0015] HoWever, the electric poWer generator in Which the 
above-described conventional scroll compressor is utiliZed 
as the air compressor has the folloWing problems. 

[0016] First, since synthetic resin is used for the revolution 
scroll member of the scroll compressor, if a metal part is 
inserted into the synthetic resin turning scroll to reinforce 
the receiving portion Which receives the eccentric rotation, 
coef?cients of linear expansion of the synthetic resin and the 
metal part are different from each other, the turning scroll is 
deformed by heat generated at the time of insert injection 
molding or change in time during use. If such a deformation 
is generated, the gap betWeen the turning scroll lap and the 
?xed scroll lap can not be maintained at constant, lap contact 
is generated, and this causes nose as mechanical loss. That 
is, the deformation causes Wear or mechanical loss due to the 
lap contact, and the lifetime and consumed poWer are 
adversely affected. Further, the bearing boss is made of 
synthetic resin, a sink is generated in the resin due to the 
bearing boss at the time of insert injection molding, this sink 
causes a recess in the inner bottom surface of the turning 
scroll, and there is an adverse possibility that the compress 
ing ef?ciency is loWered due to the dead volume. 

[0017] In a state in Which the revolution scroll lap 101a 
and the ?xed scroll lap 102a are meshed With each other, a 
curved gap is provided in the direction of the normal of the 
arc, i.e., betWeen laps. Tip end gaps are provided betWeen a 
lap tip end of the revolution scroll lap 101a and the ?xed lap 
support disk 102b, and betWeen a lap tip end of the ?xed 
scroll lap 102a and the revolution lap support disk 101b. 
HoWever, if the revolution scroll member made of synthetic 
resin is deformed, the predetermined gap can not be main 
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tained, and the lifetime and consumed poWer are adversely 
affected. When a discharging pressure of 10 Kpa or greater 
is required, there is a problem that gas leaks from a gap in 
the direction of the normal and the gap of the tip end. 

[0018] If the synthetic resin is used for the revolution 
scroll member, there is a problem that it is deformed by drive 
force applied to the revolution scroll member. 

[0019] Further, there is a problem that the scroll member, 
the casing and the like must further be reduced in Weight to 
reduce the entire air compressor in Weight. 

[0020] Therefore, it is an object of the present invention to 
provide a payable electric poWer generator in Which poWer 
consumption of an air compressor as an accessory machine 
is reduced, lifetime thereof is increased, and electricity loss 
is small. 

[0021] It is another object of the invention in Which a 
predetermined value capable of maintaining a gap betWeen 
both the scrolls for a long time is set, poWer consumption of 
the air compressor is reduced and the lifetime thereof is 
increased. 

[0022] It is another object of the invention to suppress the 
deformation of the revolution scroll member caused by 
driving force, to reduce the poWer consumption of the air 
compressor and to elongate the lifetime thereof. 

DISCLOSURE OF THE INVENTION 

[0023] A ?rst aspect of the present invention provides an 
electric poWer generator using a scroll compressor as an air 
compressor for supplying oxygen to a fuel cell, Wherein in 
a revolution scroll member constituting the scroll compres 
sor, a revolution scroll lap stands on one of surfaces of a 
revolution lap support disk, a revolution disk is connected to 
the other surface of the revolution lap support disk, the 
revolution disk is formed at its center With a revolution shaft 
support hole into Which an eccentric shaft on an end of a 
drive shaft is to be inserted, an outer periphery of the 
revolution shaft support hole of the revolution disk is formed 
With a plurality of crankshaft support holes into Which 
eccentric shafts of crankshafts Which restrain rotation of the 
revolution scroll member are to be inserted, the revolution 
lap support disk and the revolution scroll lap are integrally 
formed of synthetic resin, the revolution disk is made of 
metal, the revolution shaft support hole and the crankshaft 
support hole are integrally formed together. 

[0024] According to this aspect, it is possible to provide a 
payable electric poWer generator in Which thermal deforma 
tion of the revolution scroll member is suppressed, Wear and 
mechanical loss caused by contact betWeen laps are pre 
vented, poWer consumption of the air compressor is reduced, 
its lifetime is increased, and electricity loss is small. 

[0025] A second aspect of the invention provides an 
electric poWer generator using a scroll compressor as an air 
compressor for supplying oxygen to a fuel cell, Wherein the 
scroll compressor comprises a ?xed scroll member having a 
?xed scroll lap standing on one of surfaces of a ?xed lap 
support disk, a revolution scroll member having a revolution 
scroll lap standing on one surface of a revolution lap support 
disk, a drive shaft for transmitting a driving force to the 
revolution scroll member, a crankshaft for restraining rota 
tion of the revolution scroll member, and a revolution 
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support plate for holding the drive shaft through a bearing 
and for holding one of eccentric shafts of the crankshaft 
through a bearing, the ?xed scroll member and a ?rst casing 
Which covers an outer periphery of the ?xed scroll lap are 
integrally formed of synthetic resin, the revolution support 
plate and a second casing connected to the ?rst casing are 
integrally formed of metal, a revolution disk made of metal 
is connected to the other surface of the revolution lap 
support disk, the revolution disk pivotally supports an 
eccentric shaft on an end of the drive shaft, and pivotally 
supports the other eccentric shaft of the crankshaft. 

[0026] According to this aspect, it is possible to provide a 
payable electric poWer generator in Which thermal deforma 
tion of the revolution scroll member is suppressed, Wear and 
mechanical loss caused by contact betWeen laps are pre 
vented, poWer consumption of the air compressor is reduced, 
its lifetime is increased, and electricity loss is small. 

[0027] According to a third aspect of the invention, in the 
electric poWer generator of the second aspect, a plurality of 
ball bearings are provided on eccentric shafts on opposite 
ends of the crankshaft, the ball bearings are assembled such 
that surface pressures are previously applied betWeen their 
rolling elements and races. 

[0028] According to this aspect, since the revolution scroll 
member can endure the bending moment M While keeping 
rigidity, the deformation of the revolution scroll member can 
be suppressed, and Wear of the bearing can be prevented. 

[0029] According to a fourth aspect of the invention, in the 
electric poWer generator of the second or third aspect, a gap 
is provided betWeen a tip end of the ?xed scroll lap and the 
revolution lap support disk, and a gap is provided betWeen 
a tip end of the revolution scroll lap and the ?xed lap support 
disk. 

[0030] According to this aspect, the ?xed scroll member 
and the revolution scroll member are meshed With each 
other in a non-contact manner in Which no friction loss and 
no Wear are caused, and the poWer consumption can be 
reduced and lifetime can be increased. 

[0031] According to a ?fth aspect of the invention, in the 
electric poWer generator of the fourth aspect, a siZe of the 
gap is 0.03 to 0.1 mm. 

[0032] According to this aspect, the tip end gap betWeen 
both the scroll members becomes a practical value, the 
non-contact manner is maintained for a long time, poWer 
consumption is reduced and lifetime can be increased. 

[0033] According to a sixth aspect of the invention, in the 
electric poWer generator of the second or third aspect, a gap 
is provided betWeen the ?xed scroll lap and the revolution 
scroll lap. 

[0034] According to this aspect, the ?xed scroll member 
and the revolution scroll member are meshed With each 
other in a non-contact manner in Which no friction loss and 
no Wear are caused, and the poWer consumption can be 
reduced and lifetime can be increased. 

[0035] According to a seventh aspect of the invention, in 
the electric poWer generator of the sixth aspect, a siZe of the 
gap is 0.05 to 0.3 mm. 

[0036] According to this aspect, the curve gap betWeen 
both the scroll members becomes a practical value, the 
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non-contact manner is maintained for a long time, poWer 
consumption is reduced and lifetime can be increased. 

[0037] According to an eighth aspect of the invention, in 
the electric poWer generator of any one of the ?rst to third 
aspects, the revolution lap support disk and the revolution 
disk are connected to each other by fasting a bolt from the 
revolution lap support disk. 

[0038] According to this aspect, the driving force applied 
to the revolution scroll member is dispersed at the bolt 
portion, and deformation of the revolution scroll member 
caused by the driving force can be suppressed. 

[0039] According to a ninth aspect of the invention, in the 
electric poWer generator of any one of the ?rst to third 
aspects, the revolution lap support disk and the revolution 
disk are connected to each other by fasting a rivet from the 
revolution lap support disk. 

[0040] According to this aspect, the driving force applied 
to the revolution scroll member is dispersed at the rivet 
portion, and deformation of the revolution scroll member 
caused by the driving force can be suppressed. 

[0041] According to a tenth aspect of the invention, in the 
electric poWer generator of any one of the ?rst to third 
aspects, the revolution lap support disk and the revolution 
disk are connected to each other by melting and deforming 
a portion of a projection provided on the revolution lap 
support disk. 

[0042] According to this aspect, the driving force applied 
to the revolution scroll member is dispersed at the projection 
portion, deformation of the revolution scroll member caused 
by the driving force can be suppressed, dead volume is 
eliminated, and deterioration of the compressing ef?ciency 
can be avoided. 

[0043] According to an eleventh aspect of the invention, in 
the electric poWer generator of any one of the ?rst to third 
aspects, the revolution lap support disk and the revolution 
disk are connected to each other by embedding a synthetic 
resin into holes formed in the revolution lap support disk and 
the revolution disk and by melting and deforming the 
synthetic resin. 

[0044] According to this aspect, deformation is prevented 
by the synthetic resin embedded in the hole and by the 
dispersion of the driving force, and the compression ef? 
ciency is prevented from being deteriorated because the 
dead volume is eliminated. 

[0045] According to a tWelfth aspect of the invention, in 
the electric poWer generator of any one of the ?rst to third 
aspects, the revolution scroll member or the ?xed scroll 
member is formed by injection molding. 

[0046] According to this aspect, the revolution scroll 
member or the ?xed scroll member can be formed by 
injection molding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 is a block diagram shoWing an electric 
poWer generator of the present invention; 

[0048] FIG. 2 is a sectional vieW shoWing an air com 
pressor of an embodiment of the invention; 



US 2005/0002816 A1 

[0049] FIG. 3 is a sectional vieW showing an air com 
pressor of another embodiment of the invention; 

[0050] FIG. 4 shoWs meshing states of scrolls of the air 
compressor shoWn in FIG. 3; 

[0051] FIG. 5 is a sectional vieW shoWing a bearing 
structure Which pivotally supports a crankshaft of the air 
compressor shoWn in FIG. 3; 

[0052] FIG. 6 shoWs a relation betWeen a scroll curve gap 
and its ef?ciency of an embodiment of the invention; 

[0053] FIG. 7 shoWs the relation betWeen the scroll tip 
end gap and its ef?ciency of the embodiment of the inven 
tion; 
[0054] FIG. 8 is a sectional vieW shoWing a fastening state 
betWeen a revolution scroll member and a revolution disk of 
another embodiment of the invention; 

[0055] FIG. 9 is a plan vieW of the fastening structure 
shoWn in FIG. 8; 

[0056] FIG. 10 is a sectional vieW shoWing a fastening 
state betWeen a revolution scroll member and a revolution 
disk of another embodiment of the invention; 

[0057] FIG. 11 is a sectional vieW shoWing an injection 
molding structure of an embodiment of the invention; 

[0058] FIG. 12 is a sectional vieW shoWing the injection 
molding structure of the embodiment of the invention; 

[0059] FIG. 13 is a plan vieW shoWing a product after it 
is taken out from the mold shoWn in FIG. 12; 

[0060] FIG. 14 is a sectional vieW shoWing a taking out 
structure of another embodiment of the invention; 

[0061] FIG. 15 is a plan vieW shoWing a product after it 
is taken out from the mold shoWn in FIG. 14; 

[0062] FIG. 16 is a sectional vieW shoWing a conventional 
air compressor; 

[0063] FIG. 17 shoWs a scroll-meshing state of the air 
compressor shoWn in FIG. 11; and 

[0064] FIG. 18 is a bird’s eye vieW shoWing a bearing 
structure of the air compressor shoWn in FIG. 11. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

EMBODIMENT 1 

[0065] An electric poWer generator according to an 
embodiment of the present invention Will be eXplained With 
reference to the draWings. FIG. 1 is a block diagram of the 
electric poWer generator of the invention. 

[0066] A structure of the electric poWer generator using a 
polyelectrolyte fuel cell according to this embodiment is as 
folloWs. That is, a fuel cell 71 comprises a fuel pole 75, an 
electrolytic ?lm 76 and an air pole 77. Air is pressuriZed by 
an air compressor 73 and is humidi?ed by an air humidi?er 
72, and is supplied to an air pole 77. Hydrogen is adjusted 
in pressure at a pressure governor valve (not shoWn) from a 
hydrogen bomb 74, humidi?ed by a hydrogen humidi?er 78, 
and supplied to a fuel pole 75. According to the above 
structure, in the fuel cell 71, hydrogen supplied to the fuel 
pole 75 becomes hydrogen ion, the hydrogen ion passes 
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through the electrolytic ?lm 76 and is moved to the air pole 
77. In the air pole 77, the transmitted hydrogen ion and 
oxygen in the supplied air react With each other and they 
become Water. During the process of this reaction, electricity 
is generated, direct electricity is converted into alternating 
electricity by an inverter 79, and is supplied to a load 80. Air 
Which Was not reacted in the air pole 77 is discharged from 
an air outlet 81 together With Water (vapor) generated by the 
reaction. Hydrogen Which Was not reacted in the fuel pole 75 
is discharged out from the hydrogen outlet 82. 

EMBODIMENT 2 

[0067] An air compressor of an embodiment used in the 
electric poWer generator of the invention Will be explained 
neXt. FIG. 2 is a sectional vieW shoWing the air compressor 
of the embodiment of the invention. A drive motor for 
driving a compressing mechanism is not illustrated in the 
draWing. 

[0068] Ascroll compressor as an air compressor shoWn in 
FIG. 2 includes a revolution scroll member 1 and a ?Xed 
scroll member 3. According to the revolution scroll member 
1, a revolution scroll lap 1a stands on a revolution lap 
support disk 1b having a revolution shaft support hole 68. A 
drive shaft 84 includes a main shaft 84a provided at its end 
With an eccentric shaft 83. The eccentric shaft 83 is eccentric 
from the main shaft 84a. Aball bearing 67 is ?tted over the 
eccentric shaft 83. The revolution scroll member 1 is piv 
otally supported by the drive shaft 84 through the ball 
bearing 67. 

[0069] The eccentric shaft 83 is provided With a shaft C 
shaped detent ring 70 so that the eccentric shaft 83 does not 
fall out from the ball bearing 67. The revolution shaft 
support hole 68 is provided With a hole C shaped detent ring 
69 so that the ball bearing 67 does not fall out from the 
revolution shaft support hole 68. Therefore, the eccentric 
shaft 83 does not fall in the aXial direction of the revolution 
scroll member 1 by the shaft C shaped detent ring 70 and the 
hole C shaped detent ring 69. A ?Xed scroll lap 3a standing 
on one surface of the ?Xed scroll member 3 meshes With the 
revolution scroll lap 1a. 

[0070] At that time, a predetermined ?ne gap G is pro 
vided betWeen each of sWirl end surfaces of the scroll laps 
and an opposed ?at surface. A ?ne gap T is also provided 
betWeen in involute curve of the ?Xed scroll lap 3a and an 
involute curve of the revolution scroll lap 1a. Abody frame 
65 is ?tted over an upper portion of a disk-like base 62. The 
body frame 65 has a partition portion 66, and a balancer 
chamber 91 is formed closer to the base 62 and a scroll 
chamber 86 is formed on the opposite side from the balancer 
chamber 91. Aball bearing 64, a ?rst balancer 91a, a second 
balancer 91b and a ball bearing 63 are positioned by a drive 
shaft set 92 through collar rings. The ball bearing 64, the ?rst 
balancer 91a and a second balancer 91b are mounted to the 
drive shaft 84 of the drive shaft set 92. The drive shaft set 
92 is ?Xed using a bearing nut 90 so that the drive shaft set 
92 does not move in an aXial direction of the drive shaft 84. 

[0071] The partition portion 66 is provided at its center 
With a cylindrical hole. A diameter of the cylindrical hole is 
equal to an outer diameter of the ball bearing 64. The ball 
bearing 64 is disposed in the cylindrical hole of the partition 
portion 66. The ball bearing 64 can move in the aXial 
direction in the cylindrical hole of the partition portion 66. 



US 2005/0002816 A1 

[0072] The base 62 is provided at its center With a cylin 
drical hole, and a cylindrical bearing housing 85 is disposed 
in this cylindrical hole. The bearing housing 85 sandWiches 
a spacer 87 betWeen itself and the base 62, and is ?xed by 
a bolt 88. The bearing housing 85 includes a step 86a. Aball 
bearing 64 is disposed in the bearing housing 85. The ball 
bearing 63 is positioned in the bearing housing 85 by the 
step 86a. 

[0073] If the drive shaft 84 is rotated, the eccentric shaft 
83 revolves, and the revolution scroll member 1 tries to 
rotate around the eccentric shaft 83. A rotation-preventing 
device 61 alloWs the revolution scroll member 1 betWeen the 
body frame 65 and the revolution lap support disk 1b to 
revolve. The revolution scroll member 1 is prevented from 
rotating by the rotation-preventing device 61, and the revo 
lution scroll member 1 revolves. The revolution scroll lap 1a 
of the revolution scroll member 1 and the ?xed scroll lap 3a 
of the ?xed scroll member 3 form a compressing chamber. 

[0074] If a compression pre-load is applied to the rotation 
preventing device 61, revolution rigidity of a revolution 
member can be enhanced, and vibration of the ?ne gap G of 
the scroll lap can be reduced. To apply the pre-load, a 
thickness of a spacer 87 betWeen the bearing housing 85 and 
the base 62 is adjusted, the bolt 88 is fastened, thereby 
slipping the outer ring of the ball bearing 64 of the partition 
portion 66 in the axial direction, and the drive shaft set 92 
is alloWed to move toWard the base 62. If the pre-load is 
applied to the rotation-preventing device 61, the revolution 
scroll member 1 can revolve While maintaining the lap tip 
end gap G. 

[0075] Since the ball bearing 64 rotates around its axis, a 
?tting tolerance of the outer ring is a gap ?tting, and the 
moving in the axial direction is light. The ?tting tolerance 
betWeen the bearing housing 85 and the base 62 is a gap 
?tting, and the moving force in the axial direction also 
becomes minimum. Thus, it is possible to ?nely adjust the 
pre-load When it is applied, and it is possible to obtain a 
scroll compressor capable of reducing the friction loss While 
maintaining the movement rigidity of the rotation-prevent 
ing device. If this is utiliZed for an air compressor of a 
polyelectrolyte fuel cell, the poWer consumption is reduced. 

[0076] The pressure of a scroll air compressor is propor 
tional to the number of Windings of the scroll and is 
inversely proportional to the ?ne gap G and the ?ne gap T. 
The height and rotation number of the scroll lap are pro 
portional to the volume of air. These values are optimally 
selected While taking the pressure and the volume of air of 
the required polyelectrolyte fuel cell. 

[0077] For example, if the volume of air is 0.1 m3/minute 
and the pressure is 3.00 Pa, this can be achieved by setting 
the lap tip end gap to 0.05 mm, the lap curve gap to 0.2 mm, 
the lap height to 50 mm, and the number of rotations to 1,200 
rpm. Since the volume of air is proportional to the number 
of rotations, it is preferable to use, as a driving source, a DC 
motor Whose number of rotations can easily be controlled. In 
order to most reduce the cost and poWer consumption 
required during manufacturing and assembling the ?xed 
scroll parts and the revolution scroll parts, it is most pref 
erable to set the lap tip end gap to 0.03 to 0.1 mm, and the 
lap curve gap to 0.05 to 0.3 mm. If the gap exceeds these 
values, Wind leakage is caused, and necessary pressure and 
volume of air can not be obtained. 
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[0078] If the ?xed scroll and the revolution scroll are made 
of resin such as ABS, PP, PS or the like by injection molding, 
they can inexpensively be produced in large quantity, and 
they are lighter than metal in Weight, vibration caused by 
revolution unbalance force can be reduced, and the noise is 
reduced. As the resin material, any of thermoplastic resin 
and thermosetting resin may be used. 

EMBODIMENT 3 

[0079] An air compressor according to another embodi 
ment used for the electric poWer generator of the invention 
Will be explained next With reference to the draWings. FIG. 
3 is a sectional vieW shoWing the air compressor of the other 
embodiment of the invention. 

[0080] Ascroll compressor as the air compressor shoWn in 
FIG. 3 comprises a compressing mechanism, a scroll drive 
section and an assembling bolt. The compressing mecha 
nism comprises a revolution scroll member 1 Which engages 
With a revolution disk 2, and a ?xed scroll member 3. The 
scroll drive section comprises a revolution support plate 14, 
a drive motor 10 having a drive shaft 4 Which is to be 
inserted into the revolution support plate 14, and a balance 
protection cover 17 for protecting the drive motor 10 and a 
balancer Weight 22. Detailed structure Will be explained. 

[0081] A revolution scroll lap 1a stands on one of surfaces 
of a revolution lap support disk 1b of a revolution scroll 
member 1. The revolution lap support disk 1b and the 
revolution scroll lap 1a are integrally formed together using 
synthetic resin. A ?xed scroll lap 3a stands on one of 
surfaces of a ?xed lap support disk 3b of a ?xed scroll 
member 3. The ?xed scroll member 3 is integrally formed 
With a ?rst casing 3d using synthetic resin. The ?rst casing 
3d covers an outer periphery of the ?xed scroll lap 3a. The 
revolution scroll member 1 and the ?xed scroll member 3 are 
arranged to be opposed to each other, the revolution scroll 
lap 1a and the ?xed scroll lap 3a mesh With each other While 
leaving a predetermined gap therebetWeen, thereby forming 
a gas compressing chamber 7. 

[0082] The revolution disk 2 is fastened to the other 
surface of the revolution lap support disk 1b through a 
plurality of bolts 20. The revolution disk 2 is provided at its 
center With a revolution shaft support hole 2b into Which an 
eccentric shaft 4a on an end of the drive shaft 4 is to be 
inserted. That is, the eccentric shaft 4a of the drive shaft 4 
transmits a driving force of the drive motor 10 to the 
revolution scroll member 1. An outer periphery of the 
revolution shaft support hole 2b of the revolution disk 2 is 
provided With a plurality of crankshaft support holes 2a into 
Which a plurality of eccentric shafts 56 of the crankshafts 5 
are to be inserted The crankshafts 5 prevent the revolution 
scroll member 1 from rotating. The revolution disk 2 is made 
of metal, and the metal revolution disk 2 is integrally 
provided With the revolution shaft support hole 2b and the 
crankshaft support hole 2a. 

[0083] The revolution support plate 14 holds the drive 
shaft 4 through a single roW deep groove bearing 12, and 
holds the eccentric shaft 5f of the crankshaft 5 through single 
roW deep groove bearings 5c and 5d. A second casing 14d 
is connected to a ?rst casing 3a' through a bolt 26. The 
revolution support plate 14 and the second casing 14d are 
integrally formed of metal. The revolution disk 2 pivotally 
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supports the eccentric shaft 4a on the end of the drive shaft 
4, and pivotally supports the other eccentric shaft 56 of the 
crankshaft 5. 

[0084] Next, the compressing process of the scroll Will be 
explained. FIG. 4 shoWs meshing states of scrolls of the air 
compressor shoWn in FIG. 3. FIG. 4 shoWs states in Which 
a volume of the gas compressing chamber 7 is gradually 
reduced, and in Which draWn air is compressed. If the 
revolution scroll lap 1a shoWn in FIG. 4 is revolved in the 
clockWise direction, the gas compressing chambers 7 move 
from outside to inside in succession, gas is compressed, and 
the gas is discharged from a discharge port 3c of the ?xed 
lap support disk 2b shoWn in FIG. 3. 

[0085] The rigidity enhancement of the revolution scroll 
member Will be explained With reference to FIGS. 3 and 5. 
FIG. 5 is a sectional vieW shoWing a bearing structure Which 
pivotally supports the crankshaft of the air compressor 
shoWn in FIG. 3. TWo single roW deep groove bearings 5a 
and 5b are ?tted over the eccentric shaft 56 of the crankshaft 
5 shoWn in FIG. 5 on the side of the revolution disk 2. TWo 
single roW deep groove bearings 5c and 5d are ?tted over the 
eccentric shaft 5f opposite from the eccentric shaft 56. An 
angular contact bearing or a conical bearing may be used 
instead of the single roW deep groove bearing. 

[0086] The single roW deep groove bearings 5a and 5b are 
?tted into the crankshaft support hole 2a of the revolution 
disk 2 made of aluminum, iron alloy or titanium alloy. Thus, 
the Wear resistance is enhanced and the revolution scroll 
member 1 can be reduced in Weight due to resin as compared 
With a case in Which the outer rings of the ?tted single roW 
deep groove bearings 5a and 5b come into contact With the 
metal surface of the revolution disk 2 and ?tted into the hole 
formed in the synthetic resin revolution scroll member 1. 
Thus, the centrifugal force P applied to the barycenter of the 
revolution scroll member 1 is reduced, and since the bary 
center position is close to the revolution disk 2, the bending 
moment M becomes smaller. 

[0087] Ashim 9a is sandWiched betWeen inner rings of the 
single roW deep groove bearings 5a and 5b, and the single 
roW deep groove bearings 5a and 5b are ?xed to the 
eccentric shaft 56 by a cap ring 6a and a bolt 7a such that 
the bearings 5a and 5b do not move in the axial direction. A 
thickness of the shim 9a is equal to a total thickness of the 
thrust gaps of the single roW deep groove bearings 5a and 
5b. Similarly, a shim 9b is sandWiched betWeen inner rings 
of the single roW deep groove bearings 5c and 5d, the single 
roW deep groove bearings 5c and 5d are ?tted over the 
eccentric shaft 5f, and the bearings 5c and 5d are ?xed by a 
cap ring 6b and a bolt 7b such that they do not move in the 
axial direction. A thickness of the shim 9b is equal to a total 
thickness of the thrust gaps of the single roW deep groove 
bearings 5c and 5d. The same function can be exhibited even 
if the shim is sandWiched betWeen outer rings. 

[0088] The drive shaft 4 shoWn in FIG. 3 is provided at its 
end closer to the revolution scroll member 1 With an 
eccentric shaft 4a, the single roW deep groove bearings 4b 
and 4c are ?tted over the eccentric shaft 4a, and the drive 
shaft 4 is mounted on the revolution shaft support hole 2b of 
the revolution disk 2 such that the drive shaft 4 can move in 
the axial direction. One single roW deep groove bearing may 
be used instead of the single roW deep groove bearings 4b 
and 4c. When the revolution scroll member 1 revolves, a 

Jan. 6, 2005 

centrifugal force P is applied to a barycenter of the revolu 
tion scroll member 1, and a bending moment M is generated 
in the revolution scroll member 1. To support the bending 
moment M, the revolution scroll member 1 is pivotally 
supported by tWo or more crankshafts 5 in the thrust 
direction and the radial direction While keeping rigidity, and 
the revolution scroll member 1 is held on the revolution 
support plate 14 to endure the bending moment M. 

[0089] To hold the rigidity of the revolution scroll member 
1 and to pivotally support the revolution scroll member 1, 
the outer rings of the single roW deep groove bearings 5a and 
5b shoWn in FIG. 5 are abutted against step of the revolution 
disk 2 such that the outer rings do not penetrate toWard the 
revolution scroll member 1, the outer rings are mounted on 
the crankshaft support hole 2a, the outer rings are ?xed to 
the revolution disk 2 by a cap ring 8a and a bolt 11a, and a 
pre-load is applied to a balls of the single roW deep groove 
bearings 5a and 5b so that they do not move even slightly. 
Although the pre-load is applied to the single roW deep 
groove bearings 5a and 5b, this is not necessary only if the 
eccentric shaft 56 can be rotatably mounted on the revolu 
tion disk 2 such that the eccentric shaft 56 does not move 
even slightly in the axial direction and a direction perpen 
dicular to the axial direction. For example, a thrust bearing 
and a single roW deep groove bearing may be combined. The 
single roW deep groove bearings 5a and 5b are mounted in 
the crankshaft support hole 2a in a state in Which the outer 
rings of the bearings 5a and 5b are abutted against the step 
of the revolution disk 2 formed on the side of the revolution 
lap support disk 1b. Alternatively, the single roW deep 
groove bearings 5a and 5b may be mounted in the crankshaft 
support hole 2a such that the outer rings of the bearings 5a 
and 5b abutted against a step of the revolution disk 2 formed 
on the opposite side from the revolution lap support disk 1b 
and the bearings 5a and 5b are ?tted into the revolution disk 
2 so that the single roW deep groove bearings 5a and 5b do 
not move even slightly toWard the eccentric shaft 56. The 
outer rings are ?xed in the axial direction such that the single 
roW deep groove bearings 5a and 5b do not move even 
slightly in the axial direction. Therefore, even if the revo 
lution disk 2 is made of aluminum, the single roW deep 
groove bearings 5a and 5b are not rotated at the contact 
surfaces of the outer rings, and no Wear is generated. 

[0090] The outer rings of the single roW deep groove 
bearings 5c and 5d are abutted against the step of the 
revolution support plate 14 so that the outer rings do not 
penetrate toWard the drive motor 10 and the outer rings are 
mounted to the crankshaft support hole 14a, the outer rings 
are ?xed to the revolution support plate 14 by the cap ring 
8b and the bolt 11b, a pre-load is applied to balls of the 
single roW deep groove bearings 5c and 5d so that they do 
not move even slightly in the axial direction. Although the 
pre-load is applied to the single roW deep groove bearings 5c 
and 5d, this is not necessary only if the eccentric shaft 5f can 
be rotatably mounted such that the eccentric shaft 5f does not 
move even slightly in the axial direction and a direction 
perpendicular to the axial direction. For example, a thrust 
bearing and a single roW deep groove bearing may be 
combined. The single roW deep groove bearings 5c and 5d 
are mounted in crankshaft support hole 2c in a state in Which 
the outer rings of the bearings 5c and 5d are abutted against 
the step of the revolution support plate 14 formed on the side 
of the drive motor 10. Alternatively, the single roW deep 
groove bearings 5a and 5b may be mounted in the crankshaft 










