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Patented July 1, 1930

UNITED STATES

1,769,667

PATENT OFFICE

HALBERT B. HALVORSEN, 0F MICEIGAN CITY, INDIANA, ASSIGNOR TO SULLIVAN
' WACHINERY COMPANT, A CORPORATION OF MASSACEUSETTS '

COM?RESS@R-UNLQADiNG MEAHS

. Application fled February 25, 1824, Serial No. 84,927,

My invention relates to compressor un-
loading means. ‘

An object of my invention is to provide
an improved compressor unloading means

¢ and more especially an improved compressor.

unloading means of the auxiliary unloader
type adapted to be used with a compressor
having an intake type unloader and having

for its particular function the avoidance of.

10 the compression of any air which may leak
past the intake unloader valve when the
compressor is turning over unloaded from
a partial vacuum to receiver pressure and so
the development of excessive temperatures.

15 Other objects and advantages of my im-
proved construction will however appear in
the course of the following specification and
appended claims. o v

In the accompanying drawings I have

20 shown for purposes of illustration’ several

. forms which my invention may assume in
practice.

In these drawings,— _

Fig. 1 'is a central section through one

- 25 illustrative form of my invention. ‘

Fig. 2 is a view of a compressor provided
with this illustrative form of my invention.

Fig. 8 is a view of a somewhat similar
modification in central section.

30 Fig. 4 is a fragmentary view on an en-
larged scale illustrating the connection of
this last mentioned modification to the high
pressure cylinder of a compressor.

Fig. 5 is a central sectional view on the

35 line 5—5 of Fig. 6 through a further modi-
fication. :

Fig. 6 is a central sectional view through
the mechanism of Fig. 5 taken on a plane
corresponding to the section line 6—6 of

40 Fig. 5.

Fig. 7 is a sectional view similar to that
of Fig. 6 showing a further modification.

Fig. 8 is an elevational view of the high
pressure cylinder of a compressor, illustrat-

45 ing the application of the forms of my in-
vention shown in Figs. 5, 6 and 7 thereto.

It will be understood that in the event that

‘there is any leakage past the intake closure
valve in a compound compressor, there will
50 be very undesirable consequences in the high

pressure cylinder unless: some. special aux-
iliary means is provided therefor, for the
high pressure cylinder will pump down the
pressure in the intercooler to a partial
vacuum notwithstanding any ordinary leak-
age and so, if such means is not provided,
the high pressure piston will compress air
from a partial vacuum-up to full receiver

pressure and a very high temperature will

be developed due to the number of com-

‘pressions that take place. For the purpose

of preventing any such undesirable results,
I have disclosed the several different forms
referred to above, each of which constitutes
means for venting the ends of the high
pressure cylinder of a compound compressor
when the latter is running unloaded and as.
soon as the pressure in the high pressure
cylinder becomes a little above atmospheric
pressure. . : '

In Fig. 2 there is shown a compressor pro-
vided with one of the illustrative forms of
my invention, the same being generally des-

ignated 1 and comprising a low pressure cyl-

inder 2 discharging to an intercooler 3, with
which a high pressure cylinder 4 is connect-
ed by a pipe 5. Mounted upon the hi%lh
pressure cylinder 4 is an unloading mech-
anism generally designated 6 and including
a casing 7 having chambers 8, 9 which are
connected by pipes 10, 11 respectively with
the counterbores or other 'suitable points at
the lower and upper ends of the cylinder 4.
Between the chambers 8 and 9 is a third

. chamber 12 which communicates with the

atmosphere through a passage 12, and there
is arranged within the casing 7 and in a
space 13 between a cover member 14 and
the main body of the casing, a valve seat

~surface 15 which provides valve seats-16

and 17 respectively surrounding a series of

+. ports 18 and 19 opening from the chambers

8 and 9 into chamber 13. Midway between
the valve seats 16 and 17 there is arranged

a seat 20 for a poppet type valve 21 which '

is carried upon a stem 22 guided as at 23
and adaﬁ)ted to be moved by a piston 24 re-
ciprocable in a cylinder 25 arranged coaxial
with the valve stem. This cylinder 25 is
vented to the atmosphere by means of a
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pdm‘, 95" and is connected at a point above

‘the piston 24 with the intercooler by means

of a connection 26. A spring 27 surrounds

_the stemx 22 and acts between an abutment

28 on the casing 7 and a shoulder 29 at the
lower end of the stem and the piston 24

‘on moving upwardly is adapted to engage

the lower extremity of the stem and raise

it and with it the valve 21, Arranged upon -

the valve seats 16 and 17 are annular valves
30 and 31 which are held seated normally
by light transversely flexed springs 32, 33
while the latter are held in position by
machine screws 384 and 35 threaded into
bosses 36 and 37 respectively projecting into
the chambers 8 and 9. N

'The mode of operation of this form of
my nvention will be alreadf' apparent, but
it may Ye summarized as follows: Assuming
that the intake closure valve with which the

- low pressure cylinder 2 is provided is closed

25

so that the compressor has ceased to pump
any fluid inte the intercooler except such as
may leek by the intake closure valve, it will
be evident that the high pressure cylinder 4

. will soon produce a partial vacuum in the in-
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tercooler 3 and as quickly as this happens the
piston 24 will be moved upward against the
pressure of the spring 27 by the atmospheric
pressure acting upon its lower side with the
result that the valye 21 will be unsedted
and the chamber 18 will be placed in free
communication with the atmosphere through
the passage 12°.. Thereafter, as soon as

~there is any compression of the air which

may leak past the intake closure valve to
even a smail degree above atmospheric pres-
sure, the valve 80 or the valve 31 will be un-
seated at such time as this pressure is reached
and will discharge the air to the atmosphere.
As & result, it will be evident that the num-
ber of compressions which can take place
is decidedly reduced and the danger of burn-
ing of the lubricant and injury to the parts
by high temperatures is totally prevented.

The form of my invention shown in Figs.
8 and 4 differs from that shown in Figs. 1
and 2 only in that the changes in pressure
in the high' pressure cylinder proper are
relied upon to effect the operation of the
atmospheric vent means. The structure,

with the exception of the means for effect-
"ing upward movement of the piston which

controls the atmospheric vent valve, is iden-
tical with the parts previously described and

accordingly it is unnecessary to restate any

part: of this structure. It will be observed
that instead of employing the connection
26 to the intercooler there is provided a
connection from each of the chambers 8 and
9 to the space above the piston 24, these con-
nections being respectively designated 38,
39 and being controlled by simple plate
valves of thin flexible material 40 cooperat-
ing with seats 41 to prevent the passage of
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pressure from the chambers 8 and 9 to the
space above the piston 24, while permitting
the pressure above this piston to be vented
when the valves are unseated. These valves
are provided with a central imperforate por-
tion and a plurality of projecting guid-

70

ing portions 42- which serve to center them .

while permitting the passage of fluid past
the valves when the laiter are unseated.
Springs 43 are provided to maintain.the
valves 40 normally seated, these being held
in position by plugs 44. '

Now considering the mode of operation
of this form of my invention it will be ob-
served that upon the closure of the intake
controlling valve the pressure in the inter-
cooler Wﬂ% speedily be pumped down to less
than atmospheric -pressure and accordingly
the movements of the high pressure piston
will produce a partial vacuum at the end
of the cylinder away from which the piston

is moving at any given moment. When the

80

a5

pressure 1s thus reduced it is obvicus that

1t will be correspondingly reduced in the
chambers 8 and 9 and accordingly the pres-

~sure above the piston 24 will force the
valves 40 off their seats and pass into the

20 .

low pressure spaces at the ends of the com-

pressor high pressure cylinder. As soon as
the pressure above the piston 24 is sufficient-
ly reduced the latter will move upwardly
and engage the stem 22 with the result that
the valve 21 will be unseated. Thereafter,
since there will be a partial vacuum during
each suction stroke, the piston will be main-
tained in. raised position until the com-
pressor is reloaded notwithstanding the fact
that there may be pressures at the end of
the compression strokes sufficiently high to
momentarily unseat the valves 36 and 31.
During the unloaded running of the com-
presser, it will be evident that any pressure
which may tend to be built up within éither
end of the compressor cylinder will be vent-
ed to the atmosphere very soon after it af-
tains a pressure equal to atmospheric pres-
sure ang there will therefore be no possi-
bility of an undesirable range of compres-
sion which would result were these vent
means not provided. ‘When the compressor
is reloaded there will no longer be any
tendency for fluid to flow from above the
piston 24 to the opposite ends of the cyl-
inder and as the piston 24 1s not & perfectl

tight fit for its cylinder, the leaka.%e through:

the port 25’ past the piston will speedily
allow the spring 27 to force the . piston
downward and to close the valve 21. It is
of course possible that there may be somse

‘leakage around the stem 22 also which

would aid in this effect.
In Figs. 5, 6 and 8, & still further form of
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¢ in Fig. 7 the structure is substantially
the same as that in the figures just men-
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‘tioned, but there is a small change which
will be noted. In these species of my in-
vention it will be observed that a relief valve
is arranged at each end of the high pres-
sure ' compressor cylinder,
valves comprising casings 51, which casings
are supported by the pipes 52 which con-
nect certain chambers within the casings
with the counterbores or other similar parts
of the compressor high pressure cylinder.
Within the casings 51 there are arranged
three alined chambers, respectively 53, 54,

55, a discharge chamber 56 and a passage or

communication chamber 57. The chamber
53 which is connected by the pipe 52 with

spaced by a septum 58 from the chamber 54,

this septum providing a valve seat 59 with

which a valve 60 cooperates. The chamber
54 -is separated by a septum 61 from the
discharge chamber 56, and passages 62.open-
ing through a valve seat 63 in the chamber
56 serve to conduct fluid from the chamber
54 -into the chamber 56. Suitable sprin

closed annular valves 65 yieldingly hel

closed by transversely flexed springs 66 nor-
mally close the communication between
chambers 54 and 56. Atmospheric dichar

passages 67 lead from the chambers 56. The
valves 60 are connected b

chambers 55, these pistons being normally
held in the position shown in Fig. 5 with the
valve 60 seated upon its.seat 59 by springs
70. The space within the chamber 55 above
the piston communicates by way of the pas-
sage 57, a port 71, a valve chamber 72, and

. the port 78 with the space 53. Within the
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valve chamber 72 is a valve seat 74 with
which a plate valve 75 of the type previ-
ously described cooperates, which valve is
normally maintained seated by the spring
76 and serves to permit flow from, but not
towards, the chamber 55.

From the description given it will be at
once apparent how this mechanism oper-
ates, when it is observed that there is an
opening 77 admitting atmospheric pressure
to the lower side of the piston 69. ~Assume
that the compressor is unloaded and that a
partial vaccuum is drawn in one end of the

high pressure cylinder during one stroke of

the piston. This will cause the valve 75 to
be unseated by the pressure in the passage
57 and chamber 55 and if the compressor
continues te¢ run unloaded, the pressure

. above each piston 69 will be reduced to such

60
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an extent that the pistons will move

1upe-
wardly while the valves 75 will maintain tge '
pressure less than atmospheric in. the pas-
. sage 57. Accordingly upon the discharge
--strokes, 1t will at once result that the

res-
sure in -the chamber should it exceed .at-
mospheric will be free to pass the valve 60
and enter the chambsr 54 whence it may

these relief.

stems 68 with"~
pistons . 69 which are reciprocable in the’

3

pass through ports 62, valves 65 and so to

the atmosphere through the opening 67.

Each end of the cylinder herein provides its
own unloading mechanism. The valve 65

prevents back flow of air into the cylinder.

. As to the form of this mechanism shown

.in Fig. 7 it differs from that shown in Fig.

5 only in that instead of a piston 78 being
connected directly to the stem 68’, an ar-
rangement such as is shown in the form of
Figs. 1 to 4 is provided and the piston has

free movement relative to the stem. The

eneral mode of operation is, however,
1dentical with the form shown in Figs. 5, 6
and 7. Here also it will be observed that
the movement of the piston to effect the clo-
sure of the valve 60 is accomplished by rea-
son of leakage past the pistons or along the
stems 68 or 68'.

In connection with Figs. 5, 6, 7 and 8 it
may be noted the chambers 57 of the mecha-
nisms at the opposite ends of the high pres-
sure cylinder may be connected by a pipe
connection 79 (see Fig. 8), this being done

- for the purpose of effecting the unloading at

the opposite ends of the cylinder uniformly.

It will be understood that the relative.
‘dimensions of the valves 21 or 60 and of

their ‘respective pistons 24, 69 and 78 must
be selected so that the product of the effec-
tive area of the pistons multiplied by the
difference between atmospheric pressure and
the sub-atmospheric pressure produced as a
result of unloading of the low pressure cylin-
der will exceed the product of the pressures

valves 21 or 60 multiplied by the effective
area of those valves. The present drawings
are illustrative of positional relations, and
changes sppropriste to the conditions of
operation are to be made in accordance with
the foregoing principle. :
In all the forms of my invention it will
be observed that means is provided of very
simple construction which automatically
takes care of the condition which may grow
out of a leaky intake closure valve and which
results'in a really complete unloading of
the compressor and the prevention of any
possible injury due to high temperatures.
While I have in this application specifical-

ly described several forms which my inven-’

tion may assume in practice, it will be under-
stood that these forms of the same are shown
for purposes of illustration and that the
invention may be modified and embodied in
various other forms without departing from
its spirit or the scope of the appended claims.
What I claim as new and desirs to secure
by Letters Patent is:

1. An unloading mechanism ecmprising a

_casing provided with a chamber which has

an outlet to the atmosphere, a valve opening

against fluid pressure in said chamber for-

controlling said cutlet, a member controlling
b ™
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the outlet valve, means for normally main-
said outlet valve closed, and means
for subjecting said member to subatmos-

pheric pressure to effect movement thereof to
_open the outlet valve including check -valve

controlled passages adapted for connection
to the opposite ends of a cylinder.

2. In a compressor unloading mechanism
comprising a casing baving a chamber
adapted for communication with one end of
a compressor cylinder, & chamber in constant
communication with the atmosphere, a cham-
ber intermediate said first and second men-
tioned chambers, a check valve opening. to-

ward the second mentioned chamber con-

trolling communication between said second
and third mentioned chambers, a valve con-
trolling communication between said first
and; third mentioned chambers, a fourth
chamber, a piston therein operative to effect
opening of said second mentioned valve, and
a check valved connection between said pis-
ton containing chamber and said first men-
tioned chamber. :

3. In an unloading mechanism comprising
a casing having a chamber provided with an
atmospheric vent, chambers at the opposite
sides of said first mentioned chamber
adapted for connection with the opposite
ends of a compressor cylinder, a chamber
communicable with all three of said pre-
viously mentioned chambers, check valves
opening toward said last mentioned chamber
controlling the communication therewith of
said second mentioned chambers, & valve con-

_trolling communication between said fourth

chamber and said first chamber, and means
operative to open said valve. :
4. In an unloading mechanism comprising
a casing having a chamber provided with
an atmospheric vent, chambers at the op-
osite sides of said first mentioned cham-

~ ber adapted for connection with the oppo-
" site ends of a compressor cylinder, a cham-
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_ with an atmospheric vent, chambers -at the

85

ber communicable with all three of said
previously mentioned chambers, check
valves opening toward said lsst mentioned
chamber controlling the = communication
therewith of said second menticned.cham-

-bers, a valve controlling communication

between said- fourth chamber and said first
chamber, and means.for controlling the po-
sition of said valve including a piston con-
stantly subjected on cne side to atmospheric
pressure, a spring adapted to resist move-
ment thereof and to act on the opposite side
thereof, and means intermittently subject-

ing said last mentioned side to pressure

greater than and less than atmospheric. -
_ 5. In an unloading mechanism compris-
ing a casing having a chamber provided

opposite sides of said first mentioned cham-
ber adapted for connection with the oppo-
site ends of a compressor cylinder, & cham-

1,768,667

ber communicable with all three of said pre-

viously mentioned chambers, check valves

opening toward said last mentioned cham-

ber controlling the communication there-
with of said second menticned chambers, a
valve controlling communication between
said fourth chamber and said first cham-
ber, and means controlling the position of

said valve including a piston constantly

subjected on one side to atmospheric pres-
gure, a spring adapted to oppose movemend
of said piston, and means for intermittently
subjecting the opposite side of said piston
to pressures equal to and less than atmos-
pheric. :

6. In an unloading mechanism comprising
a casing having a chamber provided with
an atmospheric vent, chambers at the op-
posite sides of said first mentioned cham-
ber adapted for connection with the oppo-
site ends of a compressor cylinder; a cham-
ber  communicable with all three of said
chambers, check
valves opening toward said last mentioned
‘chamber controlling the communication
therewith of said second mentioned cham-

previously mentioned

70
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bers, a valve controlling communication be- -

tween said fourth chamber and said first
chamber, and means opérative to open said
valve including & fifth chamber, a piston
therein subjected constantly on one side to
atmospheric pressure and alternately sub-
jected on its other side to pressures equal
to and less than atmospheric and also in-
cluding check valved connections between
said second mentioned chambers and said
fifth chamber. :
7. An unloading mechanism, adapted for
connection to a compressor cylinder, compris-
ing valve means adapted to affect an unload-
ing controlling function for & compressor,
means whereby sdid valve is always main-
tained in an open position while the com-
pressor is unloaded to permit fluid in o con-
nected compressor t¢ be discharged to af-
mosphere, and a plurality of wvalves for
preventing back flow of fluid to the com-
pressor while unloaded. '

8. A compressor unloading mechanism

comprising a casing having separate valves

for preventing back flow of fluid to the op-.

posite ends of a compressor cylinder with
which said casing is adapted for connec-
tion, valve means therein for controlling
discharge to the atmosphere from said ends,
and vacuum responsive means therein for
actuating said latter valve means. :
9. A compressor unloading mechanism
comprising chamber forming means adapt-
ed for communication with a compressor
cilinderg means therein for controlling dis-
charge of fluid to the atmosphers from the
cylinder to which it is connected a.:d to ef-
fect unloading thereof, said latter mesns in-
cluding a plurality of valves opening in-
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wardly of said chamber forming means, one
of said plurality of valves being a check
valve adapted to trap fluid pumped into
said chamber forming means from said cyl-
110. A compressor unloading mechanism
comprising chamber forming means adapted
for communication with a compressor cylin-
der and adapted to be subjected to pressure
existing in the cylinder with which it has
communication, means for controlling the
unloading of said compressor including a
plurality of valves opening inwardly of said
chamber forming means, one of said plural-
ity of valves being a check valve for inter-
rupting return flow from said chamber
forming means te said .cylinder.

11, A compressor unloading mechanism
comprising chamber forming means adapted
for communica‘ion with a compressor cylin-
der and adapted to be subjected to pressure
existing in the cylinder with which it has
communication, means for controlling the
unloading of said compressor including a
plurality of valves opening inwardly of

said chamber forming means, and means .

whereby one of said valves is adapted to
be seated while the other is open.

5

for maintaining said latter valve closed, and
means for subjecting said member to sub-
atmospheric pressure produced by said com-
pressor cylinder to effect movement thereof
to open said latter valve.
In testimony whereof I affix my signature.
HALBERT B. HALVORSEN.

12. A compressor unloading mechanism -

comprising a casing having a chamber
adapted for communication through a check
valve controlled passage with a compressor
cylinder and through a port to the atmos-
phere, a valve opening against fluid pres-
sure in said chamber for controlling said

means for normally maintaining said latter
valve closed, and means for subjecting said

member to sub-atmospheric pressure to ef-

fect movement thereof to open said latter
valve. :
13. A compressor unloading mechanism

‘comprising a casing having a chamber

adapted for communication through a
check valve controlled passage with a com-
pressor cylinder and through a port to the
atmosphere, a valve opening against fluid

pressure in said chamber for controlling

said port, a member controlling said latter
valve, means for maintaining said latter
valve closed, and means for subjecting said
member to sub-atmospheric pressure pro-
duced by said compressor cylinder to effect
movement thereof to open said latter valve
when said compressor is unloaded.

14. A compressor unloading mechanism
comprising a casing having a chamber
adapted for communication with both ends
of a compressor cylinder, a check valve
adapted to interrupt return flowto each end
of said cylinder from said chamber, said
chamber having a valve controlled discharge
to the atmosphere, said latter valve opening
against fluid pressure in said chamber, a
member controlling said latter valve, means

/




