2007/03806:5 A2 I} 110 00 D01 0RO A A

WO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
5 April 2007 (05.04.2007)

fﬂﬁ A0 0O O

(10) International Publication Number

WO 2007/038065 A2

(51) International Patent Classification:
A6IM 16/10 (2006.01) F04B 25/02 (2006.01)

(21) International Application Number:
PCT/US2006/036398

(22) International Filing Date:
19 September 2006 (19.09.2006)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/231,603 21 September 2005 (21.09.2005) US

(71) Applicant (for all designated States except US): IN-
VACARE CORPORATION [US/US]; One Invacare
Way, Elyria, OH 44035 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GOERTZEN,
Gerold [US/US]; 205 Marks Road, Brunswick, OH 44212
(US). NULL, William, A. Jr., [US/US]; 462 U.S. Route
224, Sullivan, OH 44880 (US).

(74) Agent: PEJIC, Nenad; Calfee, Halter & Griswold LLP,
800 Superior Ave., Ste. 1400, Cleveland, OH 44114 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL, SM, SV, §Y, T], TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv))

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: SYSTEM AND METHOD FOR PROVIDING OXYGEN

102

180 g 36[A 36\8 4;)8 F ?SC 110 100
18 1 y
/\I.i AN iy
327 N\J 404 | | 5 !
30+ : ! 3
34, ! NP 'qz
12— f\\ i : \ 42C 8
D .
l ; N/ N— | 40D
2700 $ %
20~ W = 2 | ; _
49 LT : R N ~~26D
7 ) 52 % N i ™~ 42D
— ] N7 57 NN
24 \26A / 1 428 92 -
% P |54 _a—
56— 268 f 260 NN~s
%52 i 94 98
it E \ NN / ,/76
(] 82 | 82w} 7
4 1 L | N
/% ( oy l { SN 80
78 K 94 94 o4 N 62 72
f— / 84 \ \50
96"
L 68 B4 gq 84 % 58

84

(57) Abstract: A home care oxygen system includes an inline compressor that has all the check valves and gas flow passages
between cylinders located in the cylinder head. Only a single check valve is used for each cylinder. The crankshaft is built up from

a shaft with eccentrics and spacers.
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System and Method for Providing Oxygen

Background

[0001] Oxygen has many important medical uses including, for example,
assisting patients that have congestive heart failure or other diseases. Supplemental
oxygen allows patients to receivé: more oxygen than is present in the ambient
atmosphere. Systems and methods for delivering such oxygen typically include a
compressor as a component. U.S. Patent No. 5,988,165, for example, discloses the
use of an inline compressor for this purpose. US Published Application No.

2004/0103895, for example, discloses the use of a radial compressor for this purpose.

Summary of the Invention

[0002] In one aspect the invention relates to a compressor for compressing a gas,
including a cylinder assembly having a plurality of cylinders of varying displacements
arranged adjacent each other inline. A plurality of pistons are received in the
cylinders. A drive mechanism is connected with the pistons. A cylinder head is
connected with the cylinder assembly, the cylinder head including a gas inlet for the
compressor and a gas outlet for the compressor. The compressor includes a plurality
of gas flow passages that extend between and interconnect the plurality of cylinders,

all of the gas flow passages being located in the cylinder head.

[0003] In another aspect the invention relates to a compressor for compressing a
gas, including a cylinder assembly having a plurality of cylinders of varying
displacements arranged adjacent each other including a largest displacement cylinder
and a smallest displacement cylinder, and a plurality of pistons received in the
cylinders. A drive mechanism is connected with the pistons for driving the pistons.
A cylinder head assembly connected with the cylinder assembly includes a gas inlet
and a gas outlet and a single gas flow path therebetween. An inlet check valve is in
the gas flow path between the gas inlet and the largest cylinder. A single check valve
is in the gas flow path between each two adjacent cylinders. An outlet check valve in

the gas flow path between the smallest cylinder and the gas outlet. (In other
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embodiments more than one check valve could be provided in the gas flow path

between two adjacent cylinders.)

[0004] In another aspect the invention relates to a compressor for compressing a
gas, including a cylinder assembly having a plurality of cylinders of varying
displacements arranged adjacent each other. A plurality of pistons are received in the
cylinders, and a drive mechanism is connected with the pistons for driving the pistons.
The drive mechanism includes a crankshaft, the crankshaft comprising a plurality of

eccentric bodies mounted on a single shaft.

[0005] In another aspect the invention relates to an apparatus for providing
oxygen-enriched gas for use by a patient, including an oxygen source for providing
oxygen-enriched gas, the oxygen source having a first output and a second output. A
compressor is connected in fluid communication with the first output of the oxygen
source for compressing oxygen-enriched gas provided by the oxygen source, the
compressor being adapted to be connected with a portable tank to enable filling of the
portable tank with compressed oxygen-enriched gas from the compressor. A patient
device is for providing oxygen-enriched gas to a patient, the patient device being
connected with the second output of the oxygen source. The compressor comprises a
cylinder head connected with the cylinder assembly, the cylinder head including a gas
inlet for the compressor and a gas outlet for the compressor, the cylinder head also
including a plurality of gas flow passages that extend between and interconnect the

-cylinders, all of the gas flow passages being located in the cylinder head.

[0006] In another aspect the invention relates to a method of filling a portable

tank with compressed oxygen-enriched gas, the method comprising the steps of:

[0007] directing oxygen-enriched gas from an oxygen source through a first

output and a second output;
[0008] directing the first output of the oxygen source to a compressor;
[0009] compressing the oxygen-enriched gas in the compressor;

[0010] filling a portable tank with compressed oxygen-enriched gas from the

compressor; and
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[0011] directing the second output of the oxygen source to a patient device for

providing oxygen-enriched gas to a patient;

[0012] wherein the compressor comprises a cylinder head connected with the
cylinder assembly, the cylinder head including a gas inlet for the compressor and a
gas outlet for the compressor, the cylinder head also including a plurality of gas flow
passages that extend between and interconnect the cylinders, all of the gas flow

passages being located in the cylinder head.

Brief Description of the Drawings

[0013] Further features and advantages of the present invention will become
apparent to those of ordinary skill in the art to which the invention pertains from a
reading of the following description together with the accompanying drawings, in
which:

[0014] Fig. 1 is a perspective view of a comfaressor in accordance with a first

embodiment of the invention;

[0015] Fig. 2 is a perspective view of a compressor in accordance with a second

embodiment of the invention;
[0016] Fig. 3 is a sectional view of the compressor of Fig 1;

[0017] Fig. 4 is an enlarged sectional view of a cylinder head assembly that

forms part of the compressor of Fig. 1, shown in a condition being assembled;

[0018] Fig. 5 is a view similar to Fig. 4 showing the cylinder head assembly in an

assembled condition;

[0019] Fig. 6 is an enlarged sectional view of a crankshaft that forms part of the

compressor of Fig. 1, shown in a condition being assembled;

[0020] Fig. 7 is a view similar to Fig. 6 showing the crankshaft in an assembled

condition;

[0021] Fig. 8 is a further enlarged view of a portion of the cylinder head
assembly of Fig. 5;
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[0022] Fig. 9 is an enlarged sectional view of a portion of the crankshaft of Fig.
7;

[0023] Fig. 10 is a sectional view similar to Fig. 3 of the compressor of Fig. 2;

[0024] Fig. 11 is an enlarged view of a portion of a cylinder head assembly of the

compressor of Fig. 10;

[0025] Fig. 12 is a schematic illustration of a first exemplary system of the
present invention, including a compressor, for providing oxygen-enriched gas for use

by a patient; and

[0026] Fig. 13 is a schematic illustration of a second an exemplary system of the
present invention, including a compressor, for providing oxygen-enriched gas for use

by a patient.

Detailed Description of Preferred Embodiments

[0027] Figure 1 illustrates a compressor 10 that is one embodiment of the
invention. The compressor 10 includes a cylinder assembly 12. The cylinder
assembly preferably includes a lower cylinder block 20 and an upper cylinder block

30. The cylinder assembly in other embodiments could be a one-piece unit.

[0028] Referring now to Fig. 3, the lower cylinder block 20 is formed in one
embodiment as one piece (a monoblock) having parallel upper and lower end surfaces
22 and 24. The lower cylinder block 20 has four equal sized guide openings 26A-26D
that extend between the upper and lower end surfaces 22 and 24. The guide openings
26A-26D are adjacent each other and are spaced apart along the length of the lower
cylinder block 20. In the illustrated embodiment, the guide openings 26A-26D are
spaced apart at equal intervals along the length of the lower cylinder block 20. In

other embodiments, this spacing may change.

[0029] In the illustrated embodiment, the upper cylinder block 30 is formed as
one piece having parallel upper and lower end surfaces 32 and 34. In other
embodiments, as described below with reference to the compressor 200 of Figs. 2 and
10, for example, the upper cylinder block 30 could be formed as a plurality of

separate cylinder sleeves. Whether the upper cylinder block is formed as a
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monoblock or as a plurality of separate cylinder sleeves is not dependent on the

number of cylinders.

[0030] The upper cylinder block 30 has four openings 36A-36D that extend
between the upper and lower end surfaces 32 and 34. The openings 36A-36D are
spaced apart at equal intervals along the length of the upper cylinder block 30. In
other embodiments, this spacing may be changed. The openings 36A-36D form the

four cylinders of the compressor 10.

[0031] The cylinders 36 A-36D are of varying diameters and as a result varying
displacements. The invention is also applicable to cylinders having varying strokes
and thereby varying displacements. The first cylinder 36A is the largest in diameter,
the second cylinder 36B is smaller, the third cylinder is smaller yet, and the fourth
cylinder is the smallest. The invention is applicable to compressors having more than

four cylinders or fewer than four cylinders.

[0032] The lower end surface 34 of the upper cylinder block 30 is in abutting
engagement with the upper end surface 22 of the lower cylinder block 20. The guide
openings 26A-26D in the lower cylinder block align with the cylinders 36A-36D in
the upper cylinder block 30.

[0033] The compressor includes a plurality of pistons 40A-40D that are
associated in a one to one relationship with the cylinders 36A-36D. A first piston
40A is located in the first cylinder 36A and is supported for sliding (reciprocating)
movement in the first cylinder. A second piston 40B is located in the second cylinder
36B and is supported for sliding (reciprocating) movement in the second cylinder. A
third piston 40C is located in the third cylinder 36C and is supported for sliding
(reciprocating) movement in the third cylinder. A fourth piston 40D is located in the
fourth cylinder 36D and is supported for sliding (reciprocating) movement in the
fourth cylinder.

[0034] The compressor 10 includes a plurality of guides 42A-D that are
associated in a one to one relationship with the guide openings 26 and with the pistons
40A-40D. The guides 42A-D are driven by a crankshaft 50 and connecting rods 52,
as described below. A first guide 42A is located in the first guide opening 26A and is

supported for sliding (reciprocating) movement in the first guide opening. The first
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piston 40A is fixed for movement with the first guide 42A. The first piston 40A

could be formed as one piece with the first guide 42A. Alternatively, the first piston

40A could be formed separately from then connected to the first guide 42A.

[0035] A second guide 42B is located in the first guide opening 26B and is
supported for sliding (reciprocating) movement in the first guide opening. The
second piston 40B is fixed for movement with the second guide 42B and could be
formed as one piece with or separately from the second guide 42B. The second guide
42B is the same diameter as the first guide 42A, although the second piston 40B is

smaller in diameter than the first piston 40A.

[0036] A third guide 42C is located in the third guide opening 26C and is
supported for sliding (reciprocating) movement in the third guide opening. The third
piston 40C is fixed for movement with the third guide 42C and could be formed as
one piece with or separately from the third guide. The third guide 42C is the same
diameter as the first guide 42A, although the third piston 40C is smaller in diameter
than the second piston 40B.

[0037] A fourth guide 42D is located in the fourth guide opening 26D and is
supported for sliding (reciprocating) movement in the fourth guide opening. The
fourth piston 40D is fixed for movement with the fourth guide 42D and could be
formed as one piece with or separately from the fourth guide. The fourth guide 42D
is the same diameter as the first guide 42A, although the fourth piston 40D is smaller

in diameter than the third piston 40C. This could be otherwise, in other embodiments.

[0038] The crankshaft 50 (described below in detail) is supported on first and
second bearing supports 54 and 56 that are located one at either end of the compressor
10. In the illustrated embodiment, the first bearing support 54 has a generally
rectangular configuration with a lower end portion 58 on which is supported a first
bearing 62. Similarly, the second bearing support 56 has a generally rectangular
configuration with a lower end portion 64 on which is supported a second bearing 68.

There is an open space between the first and second bearing supports 54 and 56.

[0039] The crankshaft 50 forms part of a drive mechanism 70 of the compressor
10 for driving the pistons 40A-40D for reciprocating movement in the cylinders 36A-
36D. The drive mechanism 70 as illustrated includes the guides 42; in other
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embodiments the crankshaft could be connected to the pistons more directly or in

other manners, for example with connecting rods but not guides.

[0040] The crankshaft 50 in the illustrated embodiment is a multiple piece
assembly, although it could be replaced with a one piece assembly. The crankshaft 50
includes a main shaft 72 having a generally cylindrical configuration defined by a
cylindrical outer surface centered on a crank axis 76 of the compressor 10. The main
shaft 72 has externally threaded opposite end portions 78 and 80. The main shaft 72

is received and supported in the first and second bearings 62 and 68.

[0041] A plurality of keyways 82 are formed in the outer surface 74 of the main
shaft 72. The keyways 82 are spaced apart along the main shaft 72 at locations that

correspond to the centers of the guide openings 26 in the cylinder assembly 12.

[0042] As shown in Figs. 7 and 9, the crankshaft 50 also includes a plurality of
eccentric bodies 84. In the illustrated embodiment, the eccentric bodies 84 are all
identical to each other, for ease of manufacturing and assembly. Each one of the
eccentric bodies 84 has a circular configuration with a circular opening 86 that is not

centered. Two keyways 88 are formed on the periphery of the opening 86.

[0043] For each eccentric body 84, a key 90 is located in the keyway 82 in the
main shaﬁ 72 and in the corresponding keyway 88 in the eccentric. The key 90 fixes
the eccentric body 84 for rotation with the main shaft 72 about the crank axis 76. The
provisions of the two keyways 88 in each eccentric body 84 allows the eccentric
bodies to be fixed to the main shaft at two different positions about the axis, to set the
timing of the pistons 40A-40D. Flipping the eccentric bodies by 180° would provide

two additional positions, for a total of four positions.

[0044] As shown also in Fig. 3, a connecting rod 52 and a wrist pin 92 are
connected between each eccentric body 84 and its associated guide 42. The
connecting rods 52 extend through the open space between the bearing supports 54
and 56. Rotation of the main shaft 72 about the crank axis 76 results in reciprocating
movement of the guides 42 in the guide openings 26 and thus of the pistons 40 in the
cylinders 36.
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[0045] The crankshaft 50 also includes a plurality of spacers 94. The spacers 94
are sleeves that are fitted on the main shaft, between adjacent eccentric bodies 84, to
set the locations of the eccentric bodies on the main shaft. Other spacers 94 are
located axially outward of the eccentric bodies 84 and radially inward of the first and
second bearings 62 and 68. The spacers 94, Which are closely fitted on the main shaft
72, effectively increase the diameter of the main shaft at the locations between the
eccentric bodies 84, because all the elements of the crankshaft including the spacers

are tightly clamped (axially) between the opposite ends of the crankshaft.

[0046] The crankshaft 50 may be assembled in a manner as shown in Figs. 6 and
7. The spacers 94 and the eccentric bodies 84 are slid longitudinally onto the main
shaft 84 one at a time. The lengths of the individual spacers 94 are selected so that
the eccentric bodies 84 are positioned correctly relative to the main shaft 72 and to the
guide openings 26 in the lower cylinder block 20. A drive pulley 96 is located on one
end portion 78 of the main shaft 72 and is held in position with a lock nut (see Fig. 3).
On the other end of the crankshaft 50, a nut 98 is screwed on the other end portion 80
of the main shaft 75. The nut 98 when tightened down clamps the spacers 94 and the
eccentric bodies 84 axially between the nut and the drive pulley 96 to form one rigid

assembly.

[0047] As shown also in Fig. 3, the compressor 10 includes a cylinder head
assembly 100. The cylinder head assembly 100 includes a cylinder head 110 that is
fastened to the cylinder assembly 12 and to the other parts of the compressor with a
plurality of fasteners. Specifically, the compressor 10 includes two bolts 102 at each
end and two intermediate bolts 102. The bolts 102 extend through holes in the
cylinder head 110, the upper cylinder block 30, and the lower cylinder block 20, and
are threaded into bores in the bearing supports 54 and 56. When the bolts 102 are
tightened down, the cylinder head 110, the cylinder assembly 12, and the bearing

blocks 54 and 56 are clamped together into one rigid unit.

[0048] As shown in Figs. 4 and 5, the cylinder head 110 is formed as one piece
from metal. In the illustrated embodiment, the cylinder head 110 has a rectangular
configuration including a planar lower side surface 112. A component chamber 114
extends the length of the cylinder head 110. In the illustrated embodiment, the

component chamber 114 has a cylindrical configuration centered on an axis 116. The

-8-
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component chamber 114 has a threaded inlet end portion 118 that forms an inlet of the

compressor 10. The component chamber 114 also has a threaded outlet end portion

120 that forms an outlet of the compressor 10.

[0049] The cylinder head 110 also has a plurality of charging ports 122A-D that
extend between the component chamber 114 and the lower side surface 112. The
number of charging ports 122A-D is equal to the number of cylinders 36A-D in the
compressor 10. The charging ports 122A-D establish fluid communication between

the cylinders 36A-D and the component chamber 114.

[0050] A single charging port 122 is associated with each one of the cylinders 36.
The charging ports 122A-D extend between the cylinders 36A-D and the upper end
surface 32 of the upper cylinder block 30. Thus, the first cylinder 36A has a first
charging port 122A, the second cylinder 36B has a second charging port 122B, the
third cylinder 36C has a third charging port 122C, and the fourth cylinder 36D has a
fourth charging port 122D.

[0051] A plurality of components are located in the component chamber 114 of
the cylinder head 110. The components direct fluid flow between the inlet 118 of the
compressor 10, the cylinders 36 A-D and the outlet 120 of the compressor. The
components include a plurality of check valves 130A-E for controlling flow of air into
and out of the various cylinders 36A-D, and a plurality of spacers for separating and
locating the check valves correctly and for directing air to flow between the check

valves. The components also include a plurality of seals.

[0052] As shown in Fig. 8, the several check valves 130A-E that are in the
cylinder 110 head are preferably identical to each other. Other types of check valves
than that shown can be used. Each check valve 130A-E includes a valve body 132
having a generally cylindrical configuration with a central chamber 134. An end wall
136 is located at the upstream end of the valve body 132. The end wall 136 has a
central opening 138. The downstream end of the valve body 132 is open.

[0053] The valve body 132 includes a cage 140 that extends axially inward from
the end wall 136. The cage 140 has a plurality of ports 144 that establish fluid

communication between the interior of the cage 140 and the exterior of the cage.
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[0054] The check valve 130 includes a movable valve element in the form of a
ball 146. The ball 146 is located inside the cage 140 and is movable axially within the
cage. The dimensions of the ball 146 are selected so that when the ball is in
engagement with the end wall 136 of the valve body 132, the ball closes the opening
138. When the ball 146 is away from the end wall 136, fluid flow is enabled through
the cage 140 between the opening 138 and the ports 142 and 144. A spring 148 biases
the ball into engagement with the end wall 136.

[0055] The components of the cylinder head assembly 100 also include a
plurality of long spacers 150A-E that are preferably identical to each other except for
their length. Each long spacer 150 is a cylindrical block of metal that has an outside
diameter substantially equal to the inside diameter of the component chamber 114 in
the cylinder head 10. The long spacer 150 has an upstream end portion 152 and a
downstream end portion 154. The downstream end portion 154 has a reduced

diameter to form a seal groove 155 at the downstream end of the long spacer 150.

[0056] In the particular embodiment of the invention that is illustrated in Figs. 3-
5 and 8, the long spacer 150 has a small diameter central opening 152 that extends for
the length of the long spacer between the upstream end portion 152 and the
downstream end portion 154. At the downstream end 154 of the spacer, one or more
passages 158 extend radially outward from the central opening 156 to an external
groove 160. As a result, fluid communication is established between the central
opening 156 of the long spacer 150, and the external groove 160. In another
embodiment as illustrated in Fig. 11, and as described below, the long spacer has an
external groove rather than a central opening, which may be less costly to

manufacture.

[0057] In one embodiment, the long spacer 150 has an outer diameter of about
5.5 millimeters (about 0.217 inches), and the central passage 156 has a diameter of
about 0.030 inches. Because the central opening 156 of the long spacer 150 is small

in diameter, the volume of the central opening is small.

[0058] The components of the cylinder head assembly 100 include a single short
spacer 162. The short spacer 162 is a cylindrical block of metal that has an outside

diameter substantially equal to the inside diameter of the component chamber 114 in
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the cylinder head 110. The short spacer 162 has an upstream end portion 164 and a
downstream end portion 166. The downstream end portion 166 has a reduced

diameter to form a seal groove 168 at the downstream end of the long spacer.

[0059] The short spacer 162 has a small diameter central opening 170 that
extends for the length of the short spacer between the upstream end portion 164 and
the downstream end portion 166. The short spacer 162 also has a plurality of internal
passages 172 that extend radially outward from the central passage 170 and terminate
in a groove 174 on the outer surface of the short spacer. As a result, fluid
communication is established between the upstream and downstream end portions 164

and 166 of the short spacer 162, and the external groove 174.

[0060] As shown in Fig. 3, during assembly of the various components of the
cylinder head assembly 110, an inlet connector 180 is screwed into the upstream end
of the cylinder head 100. The inlet connector has a fluid inlet passage 182 that

communicates with the component chamber.

[0061] As shown also in Fig. 5, a seal 184, which may be an O-ring, is placed in
the seal groove 155 on the downstream end of a long spacer 150A. The long spacer
150A is inserted or dropped into the component chamber 114 in the cylinder head
110, in a direction from the downstream end of the cylinder head. (The order or
direction or manner of assembly can be reversed or changed if desired.) The long
spacer 150A engages the inlet connector 180, and the central opening 156 of the long
spacer 150A aligns with the fluid inlet passage 182 in the inlet connector.

[0062] A first check valve or inlet check valve 130E is inserted or dropped into
the component chamber 114 in the cylinder head 110. The upstream end of the inlet
check valve 130E engages the downstream end of the long spacer 150A. The opening
138 in the end wall 136 of the inlet check valve 130E aligns with the central passage
156 in the long spacer 150A. The seal 184 seals between the long spacer 150A and
the inlet check valve 130F.

[0063] A seal 186 (for example an O-ring) is placed in the seal groove 168 on the
downstream end of the short spacer 162. The short spacer 162 is inserted or dropped
into the component chamber 114 in the cylinder head 110. The upstream end of the
short spacer 162 engages the downstream end of the inlet check valve 130E. The
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external groove 174 on the short spacer 162 aligns with the first charging port 122A
in the cylinder head 110. As a result, fluid communication can be established
between the component chamber 114 and the first cylinder 36A when the cylinder
head assembly 100 is thereafter fastened to the cylinder assembly 12.

[0064] A second check valve, or first cylinder check valve, 130A is inserted or
dropped into the component chamber 114 in the cylinder head 110. The upstream end
of the second check valve 130A engages the downstream end of the short spacer 162.
The opening 138 in the end wall 136 of the second check valve 130A aligns with the
central passage 170 in the short spacer 162. The seal 186 seals between the short
spacer 162 and the second check valve 130A.

[0065] Another seal 188 (for example an O-ring) is placed in the seal groove 155
on the downstream end of a second long spacer 150B. The second long spacer 150B
is inserted or dropped into the component chamber 114 in the cylinder head 110, in a
direction from the downstream end of the cylinder head. The upstream end of the
second long spacer 150B engages the downstream end of the first cylinder check
valve 130A. The central opening 156 of the second long spacer 150B aligns with the
central chamber 134 of the first cylinder check valve 130A.

[0066] The external groove 160 at the downstream end of the second spacer
150B aligns with the second charging port 122B in the cylinder head 110. As a result,
fluid communication can be established between the component chamber 114 and the
second cylinder 36B when the cylinder head assembly 100 is thereafter fastened to the
cylinder assembly 14.

[0067] A third check valve, or second cylinder check valve, 130B is inserted or
dropped into the component chamber 114 in the cylinder hea'1d 110. The upstream end
of the check valve 130B engages the downstream end of the spacer 150B. The
opening 138 in the end wall 136 of the check valve 130B aligns with the central
passage 156 in the spacer 150B. The seal 188 seals between the spacer 150B and the
check valve 130B.

[0068] A seal 190 (for example an O-ring) is placed in the seal groove 155 on the
downstream end of a third long spacer 150C. The third long spacer 150C is inserted

or dropped into the component chamber 114 in the cylinder head 110, in a direction
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from the downstream end of the cylinder head. The upstream end of the third long
spacer 150C engages the downstream end of the second cylinder check valve 130B.
The central opening 156 of the third long spacer 150C aligns with the central chamber
134 of the second cylinder check valve 130B.

[0069] The external groove 160 at the downstream end of the third long spacer
150C aligns with the third charging port 122C in the cylinder head 110. As a result,
fluid communication can be established between the component chamber 114 and the .
third cylinder 36C when the cylinder head assembly 100 is thereafter fastened to the
cylinder assembly 14.

[0070] A fourth check valve, or third cylinder check valve, 130C is inserted or
dropped into the component chamber 114 in the cylinder head 110. The upstream end
of the fourth check valve 130C engages the downstream end of the long spacer 150C.
The opening 138 in the end wall 136 of the fourth check valve 130C aligns with the
central passage 156 in the spacer 150C. The seal 190 seals between the spacer and

the check valve.

[0071] A seal 192 (for example an O-ring) is placed in the seal groove 155 on the
downstream end of a fourth long spacer 150D. The fourth long spacer 150D is
inserted or dropped into the component chamber 114 in the cylinder head 110, in a
direction from the downstream end of the cylinder head. The upstream end of the
long spacer 150D engages the downstream end of the third cylinder check valve
130C. The central opening 156 of the spacer 150D aligns with the central chamber
134 of the check valve 130C.

[0072] The external groove 160 at the downstream end of the fourth long spacer
150D aligns with the fourth charging port 122D in the cylinder head 110. As a result,
fluid communication can be established between the component chamber 114 and the
fourth cylinder 36D when the cylinder head assembly 100 is thereafter fastened to the
cylinder assembly 14.

[0073] A fifth and final check valve or “fourth cylinder check valve” 130D is
inserted or dropped into the component chamber 114 in the cylinder head 110. (The
terms “fifth check valve” and “fourth check valve” apply here because the illustrated

embodiment is a five-cylinder compressor; in a compressor with a different number of
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cylinders, the ﬁumbering of the check valves could be different.) The upstream end of
the fourth cylinder check valve 130D engages the downstream end of the spacer
150D. The opening 138 in the end wall 136 of the check valve aligns with the central
passage 156 in the spacer 150D. The seal seals 192 between the spacer 150D and the
check valve 130D.

[0074] An outlet end spacer 150E is inserted or dropped into the component
chamber 114 in the cylinder head 110, in a direction from the downstream end of the
cylinder head. The upstream end of the outlet end spacer 150E engages the
downstream end of the fourth cylinder check valve 130D. A central opening 156 of
the spacer 150E aligns with the central chamber 134 of the check valve 130D.

[0075] An outlet connector 194 is screwed into the downstream end of the
cylinder head 110 to tighten and secure the chain of components in the cylinder head.
The outlet connector 194 has a fluid outlet passage 196 that is in fluid communication

with the component chamber 114 of the cylinder head 110.

[0076] The cylinder head assembly 110, after it is thus assembled, is secured to
the other parts of the compressor 10 with the bolts 102, as described above. All the
check valves 130A-E of the compressor 10 are located in the cylinder head 110.

[0077] All of the check valves of the compressor 10 are disposed in the cylinder
head 110 and are supported by the cylinder head for movement with the cylinder head
as a unit between a disassembled position spaced apart from the cylinder assembly 12

and an assembled position connected with the cylinder block.

[0078] Also, all the charging ports 122A-D and other gas flow passages are
located in the cylinder head 110. All fluid flow between the cylinders 36A-36D takes
place within the cylinder head assembly 100 and, specifically, within the cylinder
head 110.

[0079] Referring once again to Figs. 3 and 5, when the compressor 10 is
operating, air is admitted to the compressor through the inlet connector 180. The air
flows through the inlet connector 180 and through the first spacer 150A to the inlet
check valve 130E.
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[0080] When the compressor 10 is at the portion of its cycle in which the first
cylinder 36A is on the intake phase, the pressure in the first cylinder is lower than the
intake pressure. As a result, intake air flows through the inlet check valve 130E and
into the short spacer 162, moving the ball 146 off the end wall 136 of the inlet check

valve.

[0081] The air flows from the central passage 170 of the short spacer 162,
radially outward through the passages 172, into the external groove 174 on the short
spacer. The air then flows through the first charging port 122A and into the first
cylinder 36A.

[0082] During this time, the air flowing through the inlet check valve 130E does
not flow through the second check valve 130A, even though the short spacer 162 is
open for free flow to the second check valve. This is because the pressure
downstream of the second check valve 130A, i.e., the pressure in the second cylinder
36B, is higher than the intake pressure. Therefore, the second check valve 130A stays
closed and the intake air flows solely into the first cylinder 36A.

[0083] When the compressor 10 thereafter has compressed the air in the first
cylinder 36A and the first cylinder is on its exhaust phase, the pressure in the first
cylinder is higher than the intake pressure. As a result, intake air can not flow
upstream through the inlet check valve 130E into the short spacer, in a direction
toward the air intake 180. Therefore, all the air flowing out of the first cylinder is
directed through the first charging port 122A and the short spacer 162 into the second
check valve 130A.

[0084] The second check valve 130A opens to allow air to flow out of the first
cylinder 36 into the second spacer 150B. The air flows through the second spacer
150B to the radially extending passages 158 and the external groove 160 in the
downstream end 154 of the second spacer 150B. The air then flows from the groove

160 into the second charging port 122B.

[0085] The timing of the first and second cylinders 36A and 36B is selected so
that when the first cylinder 36A is on its exhaust phase, the second cylinder 36B is on
its intake phase. Therefore, the air that is compressed in the first cylinder 36A and

forced into the second spacer 150B is able to flow into the second cylinder 36B, there
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to be further compressed because the second cylinder is smaller in diameter than the

first cylinder but has the same stroke.

[0086] During this time, the air flowing through the second spacer 150 does not
flow through the third check valve 130B, even through the second spacer is open to
the third check valve. This is because the pressure downstream of the third check
valve 130B, i.e., the pressure in the third cylinder 36C, is higher than the pressure at
the third check valve. Therefore, the third check valve 130B stays closed and the air
that flows through it flows solely into the second cylinder 36B.

[0087] In a similar manner, the air that is compressed in the second cylinder 36B
flows into the third cylinder 36C, there to be further compressed. The air that is
compressed in the third cylinder 36C flows into the fourth cylinder 36D, there to be
further compressed. The air that is compressed in the fourth cylinder 36D flows out
of the compressor 10 through the outlet connector 194.

[0088] During this operation of the compressor 10, each piston-cylinder
combination compresses both air that is in “swept volume” of the compressor and air
that is in “unswept volume” of the compressor. “Swept volume” is that volume in the
respective cylinder 36A-36D that is swept or covered by the moving piston face.
“Unswept volume” is volume that is in fluid communication with the piston face
when the piston is compressing, but that is not swept or covered by the moving piston
face. Even though it is not swept, the air in such a volume is subject to compression
by the piston, because it is in fluid communication with the swept volume--there are

no valves between to close it off.,

[0089] In relation to the second cylinder 36B, for example, the unswept volume
is in the components of the cylinder head assembly that are located between the first
charging port 122 A and the second cylinder 36B. This unswept volume is the
combination of the internal volume of the second charging port 122B, the internal
volume of the first cylinder check valve 130A, and the volume of the second spacer
150B.

[0090] When the second cylinder 36B is on its compression phase, the bore of
the second cylinder is in fluid communication with this unswept volume. Therefore,

the air that is in this unswept volume is also compressed by the second piston 40B.
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This unswept volume associated with the second cylinder 36B is very small in

comparison to the swept volume of the bore of the second cylinder. The central

passage 156 in the second long spacer 150B is very small in diameter. Therefore,

even though the second spacer 150B is quite long, its internal volume is small. Also,

the internal volume of the first cylinder check valve 130A is small. Further, the

volume of the second charging port 122B is also small, and large enough to pass the

air in and out as needed.

[0091] As aresult, the total unswept volume between the first cylinder 36A and
the second cylinder 36B is relatively small in comparison to the swept volume of the
bore of the second cylinder. Therefore, on its intake stroke, the second piston 40B

pulls less oxygen from unswept volume, and can pull more oxygen to compress from

the previous cylinder.

[0092] Similarly, the first third and fourth cylinders 36A, 36C and 36D can
compress more effectively, because each is working with a relatively small unswept

volume between it and the next upstream cylinder.

[0093] Because the unswept volume associated with each one of the cylinders
36A-36D is small, the air being compressed therein can be allowed to flow back
upstream, and there is no need for a second check valve for each cylinder to prevent
flow of compressed air upstream. Rather, there is needed only one check valve 130
per cylinder 36 (plus the inlet check valve 130E), as opposed to the standard two

check valves per cylinder.

[0094] Figs. 10 and 11 illustrate a compressor 200 in accordance with a second
embodiment of the invention. The compressor 200 has many of the same features as
the compressor 10 illustrated in Figs. 1-9. Parts of the compressor 200 that are the
same as or similar in construction or function to corresponding parts of the
compressor 10 are given the same reference numerals with the suffix “a” added to

distinguish them.

[0095] The compressor 200 is a five cylinder model rather than a four cylinder
compressor. In addition, the compressor 200 has a different type of cylinder assembly

12a, and some different components in its cylinder head assembly 100a.
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[0096] Specifically, the compressor 200 has an upper cylinder block 30a that is
formed as a plurality of individual cylinder sleeves 201, rather than as a one piece
“mono-block” design. The sleeves 201 are set into grooves or recesses in the upper

surface of the lower cylinder block 20a.

[0097] Also, the compressor 200 uses a different type of long spacer in its
cylinder head assembly 100a. Specifically, the long spacers 150a (Fig. 11) do not
have a small diameter central passage that extends for the entire length of the piece,
which can be difficult and costly to machine. Rather, each one of the long spacers
150a has an exterior groove 202 that extends between L-shaped end passages 204 and
206 on its opposite ends. The downstream passage 206 communicates with an
external groove 160a on the downstream end portion of the spacer 150a. Any of these
features of either compressor 10 or 200 are usable in conjunction with a four cylinder
compressor or a five cylinder compressor (or a compressor having a different number

of cylinders).

[0098] Referring to Fig. 12, a system 210 includes a concentrator 212 that is
operable to provide oxygen-enriched gas, for example, from an ambient air input.
The oxygen-enriched gas is fed to a product tank 214. A S5-psi regulator 216 emits
oxygen-enriched gas from the product tank 214 into a flow line 218 and feeds the
same to a flow meter 220 which subsequently emits the oxygen-enriched gas to the
patient at a predetermined flow rate of from 0.1 to 6 liters per minute. Optionally, the
flow meter 220 can be closed so that all the oxygen-enriched gas is directed to the

compressor 10.

[0099] Gas not directed to the patient is carried via line 222 to two-way valve
224. A very small portion of the gas in the flow line 220 is directed through line 226
and restrictor 228 into an oxygen sensor 230 which detects whether or not the
concentration of the oxygen is of a predetermined value, for example, at least 84

percent as directed to the patient and at least 93+3% as directed to the compressor.

[00100]  When the oxygen sensor 230 detects a concentration at or above the
predetermined level, the two-way valve 224 is kept open to permit the oxygen-
enriched gas to flow through the valve 224 and line 232 into a buffer tank 234

wherein the pressure is essentially the same as the pressure in the product tank 214.
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However, should the oxygen sensor 230 not detect a suitable oxygen concentration,
two-way valve 224 is closed so that the oxygen concentrator 212 can build up a
sufficient 6xygen concentration. This arrangement prioritizes the flow of oxygen-
enriched gas so that the patient is assured of receiving a gas having a sufficient

oxygen concentration therein.

[00101]  Buffer tank 234 can have a regulator 236 thereon generally set at 12 psi to
admit the oxygen-enriched gas to the compressor 10 when needed. The output of the
compressor 10 is used to fill a cylinder or portable tank 238 for ambulatory use by the
patient. Alternatively, the pressure regulator 236 can be set at anywhere from about
13 to about 21 psi. A restrictor 240 controls the flow rate of gas from the buffer tank
234 to the compressor 10. Should the operation of the compressor 10 cause the
pressure in the buffer tank 234 to drop below a predetermined value, a pressure sensor
(not shown) automatically cuts off the flow of gas at a pressure above the pressure of
the gas being fed to the patient. This prioritization assures that the patient receives

priority with regard to oxygen-enriched gas.

[00102]  Fig. 13 shows a system 210a that is somewhat different from the system
210 of Fig 12. In the system 210a, the compressor 10 includes its own oxygen sensor
and control circuitry, so that the elements 224-232 are not present as they are in the
system shown in Fig. 12. In addition, the regulator 236 is not present on the buffer
tank. A flow restrictor may be provided between the concentrator and the buffer tank.
(It should be noted that the buffer tank 234 is optional in all systems, and that the
compressor could be fed directly from the product tank.)

[00103]  One five cylinder compressor that is exemplary of the invention has the
following dimensions and structural characteristics. The compressor runs at about 90
to 95 rpm. The compressor has a length of about nine to 10 inches, a width (depth) of
about three inches, and a height is about 8 inches. In comparison, a prior inline 5
cylinder compressor for this application had a length of about 10 inches, a width

(depth) of about S inches, and a height of about 18 inches.

[00104] The compressor draws two standard liters of oxygen per minute from the
concentrator (or other oxygen source). The output of the compressor is in the range of
about 2,000 psi.
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[00105]  The cylinder head is 8.4 inches long, 2.125 inches wide, and 0.625 inches
tall. The central passage (component chamber 114) in the cylinder head is 0.215

inches in diameter.

[00106]  The short spacer is 0.189 inches long, with a central passage having a
diameter of 0.030 inches. The long spacer is 0.932 inches long, with a generally

semi-circular outer side passage having a radius of 0.020 inches.

[00107]  The exhaust spacer is 0.563 inches long with a central passage of 0.063
inches diameter. The input spacer is 0.653 inches long with a central passage of 0.063

inches diameter.

[00108]  The unswept volume associated with the first cylinder is 0.00508 cubic
inches. The unswept volume associated with the second cylinder is 0.006721 cubic
inches. The unswept volume associated with the third cylinder is 0.006063 cubic
inches. The unswept volume associated with the fourth cylinder is 0.006063 cubic
inches. The unswept volume associated with the fifth cylinder is 0.006063 cubic

inches.

[00109]  The cylinders have the following diameters: first stage, 1.733 inches;
second stage, 1.048 inches; third stage, 0.657 inches; fourth stage, 0.413 inches; fifth
stage, 0.260 inches. The pistons have a stroke of 0.624 inches.

[00110]  As aresult, swept volume of the first cylinder is about 0.47 cubic inches.
This compares with the unswept volume associated with the first cylinder of 0.00508

cubic inches, which is perhaps one percent.

[00111]  Similarly, the swept volume of the second cylinder is about 0.17 cubic
inches. This compares with the unswept volume associated with the first cylinder of

0.006721 cubic inches, which is perhaps four percent.

[00112]  The foregoing description relates to a four-cylinder compressor and to a
five cylinder compressor as exemplary; the invention is applicable to compressors that
have different numbers of cylinders. In addition, the invention is applicable to
compressors having cylinder heads with different check valve and spacer designs, and

the foregoing description relates to two such compressors as exemplary.
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Having described the invention, we claim:

1. An apparatus for providing oxygen-enriched gas for use by a patient,

the apparatus comprising:

an oxygen source for providing oxygen-enriched gas, the oxygen

source having a first output and a second output;

a compressor connected in fluid communication with the first output of
the oxygen source for compressing oxygen-enriched gas provided by the oxygen
source, the compressor being adapted to be connected with a portable tank to enable
filling of the portable tank with compressed oxygen-enriched gas from the

compressor; and

a patient device for providing oxygen-enriched gas to a patient, the

patient device being connected with the second output of the oxygen source;

wherein the compressor comprises a cylinder head connected with a
cylinder assembly, the cylinder head including a gas inlet for the compressor and a
gas outlet for the compressor, the cylinder head also including a plurality of gas flow
passages that extend between and interconnect the cylinders, all of the gas flow

passages being located in the cylinder head.

2. An apparatus as set forth in claim 1 wherein the cylinder head is part of
a cylinder head assembly that includes a plurality of check valves arranged between

the gas inlet and the gas outlet including:
an inlet check valve between the gas inlet and the largest cylinder;
a single check valve between each two adjacent cylinders; and

an outlet check valve between the smallest cylinder and the gas outlet.

-21-



WO 2007/038065 PCT/US2006/036398

3. An apparatus as set forth in claim 1 wherein the compressor includes a
plurality of check valves for controlling air flow, all of the check valves being located

in the cylinder head.

4. An apparatus as set forth in claim 3 wherein the cylinder head includes
a plurality of passages associated with the cylinders in a one-to-one relationship and

extending between the cylinders and the check valves.

5. An apparatus as set forth in claim 1 wherein the compressor includes a
crankshaft, the crankshaft comprising a plurality of eccentric bodies mounted on a
single shaft and a plurality of spacers located on the single shaft between adjacent

ones of the eccentrics.

6. An apparatus as set forth in claim 1 wherein the cylinders are arranged
inline in an order from largest displacement to smallest displacement so that gas
admitted to the compressor through the gas inlet is compressed to higher pressures as

it flows sequentially through the plurality of cylinders.

7. An apparatus as set forth in claim 1 wherein the cylinder head includes

a single gas flow path between the gas inlet and gas outlet;

an inlet check valve in the gas flow path between the gas inlet and a

largest of the cylinders;

a single check valve in the gas flow path between each two adjacent

cylinders; and

an outlet check valve in the gas flow path between a smallest of the

cylinders and the gas outlet.

8. An apparatus as set forth in claim 1 wherein the drive mechanism
includes a crankshaft, the crankshaft comprising a plurality of eccentric bodies

mounted on a single shaft.

9. An apparatus as set forth in claim 8 further comprising a plurality of

spacers located on the single shaft between adjacent ones of the eccentric bodies.
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10. A compressor for compressing a gas, comprising:

a cylinder assembly having a plurality of cylinders of varying

displacements arranged adjacent each other inline;
a plurality of pistons received in the cylinders;
a drive mechanism connected with the pistons; and

a cylinder head connected with the cylinder assembly, the cylinder

head including a gas inlet for the compressor and a gas outlet for the compressor;

the compressor including a plurality of gas flow passages that extend
between and interconnect the plurality of cylinders, all of the gas flow passages being

located in the cylinder head.

11. A compressor as set forth in claim 10 wherein the cylinders are
arranged inline in an order from largest displacement to smallest displacement so that
gas admitted to the compressor through the gas inlet is compressed to higher pressures

as it flows sequentially through the plurality of cylinders.

12. A compressor as set forth in claim 11 wherein the cylinder head is part
of a cylinder head assembly that includes a plurality of check valves arranged

between the gas inlet and the gas outlet including:
an inlet check valve between the gas inlet and the largest cylinder;
a single check valve between each two adjacent cylinders; and
an outlet check valve between the smallest cylinder and the gas outlet.

13. A compressor as set forth in claim 10 including a plurality of check
valves for controlling gas flow between the gas inlet and the gas outlet and the
cylinders, all of the check valves of the compressor being disposed in the cylinder
head.
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14. A compressor as set forth in claim 13 wherein the cylinder head
includes a plurality of passages associated with the cylinders in a one-to-one

relationship and extending between the cylinders and the check valves.

15. A compressor as set forth in claim 10 wherein the cylinder head

includes a single gas flow path between the gas inlet and gas outlet;

an inlet check valve in the gas flow path between the gas inlet and a

largest of the cylinders;

a single check valve in the gas flow path between each two adjacent

cylinders; and

an outlet check valve in the gas flow path between a smallest of the

cylinders and the gas outlet.

16. A compressor as set forth in claim 10 including a plurality of check
valves for controlling air flow, all of the check valves being located in the cylinder
head.

17. A compressor as set forth in claim 10 wherein the drive mechanism
includes a crankshaft, the crankshaft comprising a plurality of eccentric bodies

mounted on a single shaft.

18. A compressor as set forth in claim 17 further comprising a plurality of

spacers located on the single shaft between adjacent ones of the eccentric bodies.
19. A compressor for compressing a gas, the compressor comprising:

a cylinder assembly having a plurality of cylinders of varying
displacements arranged adjacent each other including a largest displacement cylinder

and a smallest displacement cylinder;

a plurality of pistons received in the cylinders;
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a drive mechanism connected with the pistons for driving the pistons;

and

a cylinder head assembly connected with the cylinder assembly, the
cylinder head assembly including a gas inlet and a gas outlet and a single gas flow

path therebetween,;

an inlet check valve in the gas flow path between the gas inlet and the

largest displacement cylinder;

a single check valve in the gas flow path between each two adjacent

cylinders; and

an outlet check valve in the gas flow path between the smallest

displacement cylinder and the gas outlet.

20. A compressor as set forth in claim 19 wherein the all of the check

valves of the compressor are located in the cylinder head assembly.

21. A compressor as set forth in claim 20 wherein the cylinder head
assembly has a single passage extending between opposite ends of the cylinder head
and partially forming the single gas flow path, all of the check valves of the

compressor being located in the single passage.

22. A compressor as set forth in claim 21 wherein the single passage is a

cylindrical, linear passage.

23. A compressor as set forth in claim 21 further including a plurality of
spacers in the passage between the check valves, each one of the spacers including a

fluid flow passage for enabling gas flow through the spacer.

24. A compressor as set forth in claim 23 wherein at least one of the
spacers has a solid center and a groove along its outside that forms the fluid flow

passage of the spacer.
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25. A compressor as set forth in claim 19 wherein each one of the
cylinders has a swept volume and has an unswept volume that is no more than about

10% of the swept volume.

26. A compressor as set forth in claim 25 wherein at least some of the
cylinders have a swept volume and has an unswept volume that is no more than about

5% of the swept volume.

27. A compressor as set forth in claim 19 wherein the drive mechanism
includes a crankshaft, the crankshaft comprising a plurality of eccentrics mounted on

a single shaft.

28. A compressor as set forth in claim 27 further comprising a plurality of

spacers located on the single shaft between adjacent ones of the eccentrics.
29. A compressor for compressing a gas, comprising:

a cylinder assembly comprising a plurality of cylinders of varying

displacements arranged adjacent each other;
a plurality of pistons received in the cylinders; and
a drive mechanism connected with the pistons for driving the pistons;

the drive mechanism including a crankshaft, the crankshaft comprising

a plurality of eccentric bodies mounted on a single shaft.

30. A compressor as set forth in claim 29 further comprising a plurality of

spacers located between adjacent ones of the eccentric bodies.

31. A compressor as set forth in claim 30 further comprising first and
second bearing mounts extending from the cylinder assembly and mounting first and

second bearings, the single shaft being received in the first and second bearings.

32. A compressor as set forth in claim 31 wherein the bearing mounts are

plates extending from the cylinder assembly with an open space between them, each
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one of the eccentric bodies supporting a connecting rod extending through the open

space in a direction toward its associated piston.

33. A compressor as set forth in claim 31 further comprising a cylinder
head and further comprising through bolts that extend through clearance openings in
the cylinder head and through clearance openings in the cylinder assembly and that

are threaded into the bearing blocks.

34. A compressor as set forth in claim 30 wherein each one of the
eccentric bodies has a keyway , the shaft having keyways at spaced locations along its
length, the crankshaft further comprising a plurality of keys fixing the eccentric

bodies for rotation with the shaft.

35. A compressor as set forth in claim 34 wherein each one of the
eccentric bodies has at least two keyways for fixing the eccentric bodies to the shaft at

different rotational positions relative to the shaft.

36. A compressor as set forth in claim 29 wherein the single shaft extends

for substantially the entire length of the drive mechanism.

37. A compressor as set forth in claim 29 comprising a cylinder head that

includes a gas inlet and a gas outlet and a single gas flow path therebetween;

an inlet check valve in the gas flow path between the gas inlet and the

largest one of the cylinders;

a single one check valve in the gas flow path between each two

adjacent cylinders; and

an outlet check valve in the gas flow path between the smallest one of

the cylinders and the gas outlet.

38. A compressor as set forth in claim 29 including a plurality of check
valves for controlling air flow, all of the check valves being located in the cylinder
head.
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39. A method of filling a portable tank with compressed oxygen-enriched

gas, the method comprising the steps of:

directing oxygen-enriched gas from an oxygen source through a first

output and a second output;
directing the first output of the oxygen source to a compressor;
compressing the oxygen-enriched gas in the compressor;

filling a portable tank with compressed oxygen-enriched gas from the

compressor; and

directing the second output of the oxygen source to a patient device for

providing oxygen-enriched gas to a patient;

wherein the corﬁpressor comprises a cylinder head connected with the
cylinder assembly, the cylinder head including a gas inlet for the compressor and a
gas outlet for the compressor, the cylinder head also including a plurality of gas flow
passages that extend between and interconnect the cylinders, all of the gas flow

passages being located in the cylinder head.

40. A method as set forth in claim 39 wherein the step of compressing the
oxygen-enriched gas in the compressor includes the step of directing gas flow through
the cylinder head between a plurality of cylinders of different displacements with a

plurality of check valves including:

an inlet check valve between the gas inlet and the largest displacement

cylinder;
a single check valve between each two adjacent cylinders; and

an outlet check valve between the smallest displacement cylinder and

the gas outlet.

41, A method as set forth in claim 40 wherein all of the check valves of the

compressor are located in the cylinder head assembly, and the cylinder head assembly
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has a single passage extending between opposite ends of the cylinder head and
partially forming a single gas flow path, all of the check valves of the compressor

being located in the single passage.
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