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As the pressure in the bellows 2 is lower than in the 
lungs or in the delivery pipe 55, the plate valve 50 will 
close and the valve 54 open. At the same time some of 
the air passes through the valve 10 into the chamber 7 
below the diaphragm 8. Thus the pressure in the upper 
half of the chamber 7 becomes less than that in the lower 
half, causing the toggle 9 to reverse its position and close 
the valves 10 and 16 and open the valve 17 to return the 
breathing machine to its positive pressure cycle. 
By the adjustment of the negative control valve 26 the 

amount of air passing through the venturi tube 22 and 
out the air outlet 25 may be adjusted so as to force more 
air in through the valve 10 and into the lower half of 
the chamber 7, or vice versa, thus controlling the amount 
of the pressure in the lower half of the chamber 7, which 
is necessary to trip the toggle 9. By this adjustment the 
size of the patient's lungs can be compensated for in my 
invention. 

Sometimes it is desirable to be able to bleed off a por 
tion of the gas contained in the closed circuit above 
described because of the admission of fresh gas to the 
delivery pipe 51 at all times. Two ways of doing this 
are possible; one automatically and the other requiring 
the action of the anesthetist. A simple way to handle 
this problem is by tise of a valve 60 on the breathing 
machine which can be opened manually by the anesthetist 
to bleed off a portion of the gas. However, I have found 
a more satisfactory solution to this problem by positioning 
an automatic valve mechanism 61 adapted to port gas 
from the adapter 4 into the container 1. This valve 
mechanism 61 comprises a boss 62 which is threaded into 
the adapter 4 and has an enlarged bore 63 therein with 
a discharge port 64. A plate valve member 65 is adapted 
to close against a rubber O-ring 66 to close the port 64. 
The valve member 65 is held in position by means of the 
plug 67 threaded into the boss 62 and holding a spring 
68 against the valve 65. A plunger 69 is adapted to force 
open the valve member 65 when actuated by the lever 70. 
The lever 70 is adapted to engage the bellows 2 and when 
the bellows 2 is in its extreme filled position it will move 
the lever 70 and depress the plunger 69 to open the valve 
member 65, bleeding a portion of the gas in the system 
off into the container 1 where it is ejected by the com 
pressed air passing through the venturi nozzle 21 to the 
venturi tube 22 and out through the air outlet 25. 

I claim: - - - - - - - 

1. In a breathing machine, a delivery pipe connecting 
to a supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows con 
nected to said pipe, a pressure chamber surrounding said 
bellows, a control mechanism comprising: a case forming 
a chamber, a diaphragm dividing said chamber in two, 
a supply of air under pressure, one of said chambers being 
ported to said delivery pipe, a passage porting air from 
said air supply to said second chamber, a toggle mecha 
nism attached to said diaphragm, valves adapted to close 
the passage between said chamber and said air supply and 
connected to be driven by said toggle mechanism, a port 
in said passage between said valves opening to the atmos 
phere, a passage from said air supply to the atmosphere, 
a valve connected to be driven by said toggle mechanism 
to close said last mentioned passage, said last mentioned 
valve being closed when said first mentioned valves are 
open and open when said first mentioned valves are closed, 
an exhaust passage from said second chamber to said last 
mentioned passage, and a plate valve in said exhaust 
passage adapted to open when said last mentioned valve 
is opened and a pipe connecting said pressure chamber 
to said passage between said air supply and said chamber. 

2. In a breathing machine, a delivery pipe connecting 
to a supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows con 
nected to said pipe, a pressure chamber surrounding said 
bellows, a control mechanism comprising: a case forming 
a chamber, a diaphragm dividing said chamber in two, 
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a supply of air under pressure, one of said chambers 
being ported to said delivery pipe, a passage porting air 
from said air supply to said second chamber, a toggle 
mechanism attached to said diaphragm, valves adapted 
to close the passage between said chamber and said air 
supply and connected to be driven by said toggle mecha 
nism, a port in said passage between said valves opening 
to the atmosphere, a passage from said air supply to the 
atmosphere, a valve connected to be driven by said toggle 
mechanism to close said last mentioned passage, said last 
mentioned valve being closed when said first mentioned 
valves are open and open when said first mentioned valves 
are closed, an exhaust passage from said second chamber 
to said last mentioned passage, a plate valve in said ex 
haust passage adapted to open when said last mentioned 
valve is opened, and a venturi nozzle and tube in said 
passage between said air supply and said chamber, said 
pressure chamber being connected to said passage between 
said air supply and said chamber between said venturi 
nozzle and said venturi tube. 

3. In a breathing machine, a delivery pipe connecting 
to a supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows con 
nected to said pipe, a pressure chamber Surrounding said 
bellows, a control mechanism comprising: a case forming 
a chamber, a diaphragm dividing said chamber in two, 
a supply of air under pressure, one of said chambers be 
ing ported to said delivery pipe, a passage porting air 
from said air supply to said second chamber, a toggle 
mechanism attached to said diaphragm, valves adapted to 
close the passage between said chamber and said air Sup 
ply and connected to be driven by said toggle mechanism, 
a port in said passage between said valves opening to the 
atmosphere, a passage from said air supply to the atmos 
phere, a valve connected to be driven by said toggle mech 
anism to close said last mentioned passage, said last men 
tioned valve being closed when said first mentioned valves 
are open and open when said first mentioned valves are 
closed, an exhaust passage from said second chamber to 
said last mentioned passage, a plate valve in said exhaust 
passage adapted to open when said last mentioned valve 
is opened, a venturi nozzle and tube in said passage be 
tween said air supply and said chamber, said pressure 
chamber being connected to said passage between said air 
supply and said chamber between said venturi nozzle and 
venturi tube, and a venturinozzle and tube in said passage 
between said air supply and the atmosphere, said exhaust 
passage opening into said last mentioned venturi between 
said nozzle and said tube. 

4. In a breathing machine, a delivery pipe connecting 
to a supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows connected 
to said pipe, a pressure chamber surrounding said bellows, 
a control mechanism comprising: a case forming a cham 
ber, a diaphragm dividing said chamber in two, a supply 
of air under pressure, one of said chambers being ported 
to said delivery pipe, a passage porting air from said air 
supply to said second chamber, a toggle mechanism at 
tached to said diaphragm, valves adapted to close the 
passage between said chamber and said air supply and 
connected to be driven by said toggle mechanism, a port 
in said passage between said valves opening to the atmos 
phere, a passage from said air supply to the atmosphere, 
a valve connected to be driven by said toggle mechanism 
to close said last mentioned passage, said last mentioned 
valve being closed when said first mentioned valves are 
open and open when said first mentioned valves are closed, 
an exhaust passage from said second chamber to said last 
mentioned passage, a plate valve in said exhaust passage 
adapted to open when said last mentioned valve is opened, 
a venturi nozzle and tube in said passage between said air 
supply and said chamber, said pressure chamber being 
connected to said passage between said air supply and 
said chamber between said venturinozzle and said venturi 
tube, and a control valve to regulate the air passing 
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through the passage between said air supply and said 
chamber. 

5. In a breathing machine, a delivery pipe connecting 
to a supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows connected 
to said pipe, a pressure chamber surrounding said bellows, 
a control mechanism comprising: a case forming a cham 
ber, a diaphragm dividing said chamber in two, a supply 
of air under pressure, one of said chambers being ported 
to said delivery pipe, a passage porting air from said air 
supply to said second chamber, a toggle mechanism at 
tached to said diaphragm, valves adapted to close the pas 
sage between said chamber and said air supply and con 
nected to be driven by said toggle mechanism, a port in 
said passage between said valves opening to the atmos 
phere, a passage from said air supply to the atmosphere, 
a valve connected to be driven by said toggle mechanism 
to close said last mentioned passage, said last mentioned 
valve being closed when said first mentioned valves are 
open and open when said first mentioned valves are 
closed, an exhaust passage from said second chamber to 
said last mentioned passage, a plate valve in said exhaust 
passage adapted to open when said last mentioned valve 
is opened, a venturi nozzle and tube in said passage be 
tween said air supply and said chamber, said pressure 
chamber being connected to said passage between said air 
supply and said chamber between said venturi nozzle and 
venturi tube, a venturi nozzle and tube in Said passage 
between said air supply and the atmosphere, said exhaust 
passage opening into said last mentioned venturi between 
said nozzle and said tube, and a control valve to regulate 
the air passing through the passage between said air Sup 
ply and said chamber. 

6. In a breathing machine, a delivery pipe connecting to 
a supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows connected 
to said pipe, a pressure chamber surrounding said bel 
lows, a control mechanism comprising: a case forming a 
chamber, a diaphragm dividing said chamber in two, a 
supply of air under pressure, one of said chambers be 
ing ported to said delivery pipe, a passage porting air 
from said air supply to said second chamber, a toggle 
mechanism attached to said diaphragm, valves adapted to 
close the passage between said chamber and said air Sup 
ply and connected to be driven by said toggle mechanism, 
a port in said passage between said valves opening to the 
atmosphere, a passage from said air supply to the atmos 
phere, a valve connected to be driven by said toggle mech 
anism to close said last mentioned passage, said last men 
tioned valve being closed when said first mentioned valves 
are open and open when said first mentioned valves are 
closed, an exhaust passage from said second chamber to 
said last mentioned passage, a plate valve in said exhaust 
passage adapted to open when said last mentioned valve 
is opened, a venturi nozzle and tube in said passage be 
tween said air supply and said chamber, said pressure 
chamber being connected to said passage between said 
air supply and said chamber between said venturi nozzle 
and venturi tube, a venturi nozzle and tube in said pas 
sage between said air supply and the atmosphere, said ex 
haust passage opening into said last mentioned venturi 
between said nozzle and said tube, and a pressure control 
valve in the passage between said air supply and the 
atmosphere. 

7. In a breathing machine, a delivery pipe connecting 
to a Supply of gas at one end, a breathing mask connected 
to the other end of said delivery pipe, a bellows con 
nected to said pipe, a pressure chamber surrounding said 
bellows, a control mechanism comprising: a case forming 
a chamber, a diaphragm dividing said chamber in two, a 
Supply of air under pressure, one of said chambers being 
ported to said delivery pipe, a passage porting air from 
said air supply to said second chamber, a toggle mecha 
nism attached to said diaphragm, valves adapted to close 
the passage between said chamber and said air supply 
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and connected to be driven by said toggle mechanism, a 
port in said passage between said valves opening to the 
atmosphere, a passage from said air supply to the atmos 
phere, a valve connected to be driven by said toggle 
mechanism to close said last mentioned passage, said 
last mentioned valve being closed when said first men 
tioned valves are open and open when said first men 
tioned valves are closed, an exhaust passage from said 
second chamber to said last mentioned passage, a plate 
valve in said exhaust passage adapted to open when said 
last mentioned valve is opened, a venturi nozzle and tube 
in said passage between said air supply and said cham 
ber, said pressure chamber being connected to said passage 
between said air supply and said chamber between said 
venturi nozzle and said venturi tube, a control valve to 
regulate the air passing through the passage between said 
air supply and said chamber, and a pressure control valve 
in the passage between said air supply and the atmos 
phere. 

8. An actuating device for a breathing machine, com 
prising: a case forming a chamber, a diaphragm dividing 
said chamber into upper and lower chambers, said upper 
chamber having means to connect the same to a flow of 
anesthetic gas between the source of said gas and a 
breathing mask, a passage connecting said lower chamber 
to a supply of air under pressure and to an airtight con 
tainer, a toggle mechanism attached to said diaphragm 
operable by changes of pressure in said upper and lower 
chambers, valves adapted to close said passage between 
said lower chamber and said supply of air and connected 
to be driven by said toggle mechanism, an air outlet be 
tween said valves, a passage from a supply of air to the 
atmosphere, a valve connected to be driven by said toggle 
mechanism in said last mentioned passage, said last men 
tioned valve being closed when said first mentioned valves 
are open and opened when said first mentioned valves 
are closed, an exhaust passage from said lower chamber 
to said passage between said air supply and the atmos 
phere, and a plate valve in said exhaust passage adapted 
to be open when said second mentioned valve is opened. 

9. An actuating device for a breathing machine, com 
prising: a case forming a chamber, a diaphragm dividing 
said chamber into upper and lower chambers, said upper 
chamber having means to connect the same to a flow of 
anesthetic gas between the source of said gas and a 
breathing mask, a passage connecting said lower chamber 
to a supply of air under pressure and to an airtight con 
tainer, a toggle mechanism attached to said diaphragm 
operable by changes of pressure in said upper and lower 
chambers, valves adapted to close said passage between 
said lower chamber and said supply of air and connected 
to be driven by said toggle mechanism, an air outlet 
between said valves, a passage from a supply of air to 
the atmosphere, a valve connected to be driven by said 
toggle mechanism in said last mentioned passage, said . 
last mentioned valve being closed when said first men 
tioned valves are open and opened when said first men 
tioned valves are closed, an exhaust passage from said 
lower chamber to said passage between said air supply 
and the atmosphere, a plate valve in said exhaust passage 
adapted to be open when said second mentioned valve is 
opened, and a venturi nozzle and tube in the passage 
between said supply of air and said lower chamber, said 
airtight container porting into the last mentioned passage 
between said venturi nozzle and said venturi tube. 

10. An actuating device for a breathing machine, com 
prising: a case forming a chamber, a diaphragm dividing 
said chamber into upper and lower chambers, said upper 
chamber having means to connect the same to a flow of 
anesthetic gas between the source of said gas and a breath 
ing mask, a passage connecting said lower chamber to a 
Supply of air under pressure and to an airtight container, 
a toggle mechanism attached to said diaphragm oper 
able by changes of pressure in said upper and lower cham 
bers, valves adapted to close said passage between said 
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Iower chamber and said supply of air and connected to be 
driven by said toggle mechanism, an air outlet between 
said valves, a passage from a supply of air to the atmos 
phere, a valve connected to be driven by said toggle 
mechanism in said last mentioned passage, said last men 
tioned valve being closed when said first mentioned valves 
are open and opened when said first mentioned valves 
are closed, an exhaust passage from said lower chamber 
to said passage between said air supply and the atmos 
phere, a plate valve in said exhaust passage adapted to 
be open when said second mentioned valve is opened, a 
venturi nozzle and tube in the passage between said 
supply of air and said lower chamber, said airtight con 
tainer porting into the last mentioned passage between 
said venturi nozzle and said venturi tube, and a venturi 
nozzle and tube in the passage between said air supply 
and the atmosphere, said exhaust passage opening into 
said last mentioned venturi between said nozzle and said 
tube. 

11. An actuating device for a breathing machine, com 
prising: a case forming a chamber, a diaphragm dividing 
said chamber into upper and lower chambers, said upper 
chamber having means to connect the same to a flow of 
anesthetic gas between the source of said gas and a breath 
ing mask, a passage connecting said lower chamber to a 
Supply of air under pressure and to an airtight container, 
a toggle mechanism attached to said diaphragm operable 
by changes of pressure in said upper and lower chambers, 
valves adapted to close said passage between said lower 
chamber and said supply of air and connected to be driven 
by Said toggle mechanism, an air outlet between said 
valves, a passage from a supply of air to the atmosphere, 
a valve connected to be driven by said toggle mechanism 
in said last mentioned passage, said last mentioned valve 
being closed when said first mentioned valves are open 
and opened when said first mentioned valves are closed, 
an exhaust passage from said lower chamber to said 
passage between said air supply and the atmosphere, a 
plate valve in said exhaust passage adapted to be open 
when Said Second mentioned valve is opened, a venturi 
nozzle and tube in the passage between said supply of air 
aid said lower chamber, said airtight container porting 
into the last mentioned passage between said venturi 
nozzle and said venturi tube, and a control valve to regu 
late the air passing through the passage between the air 
Supply and said lower chamber. 

12. An actuating device for a breathing machine, con 
prising: a case forming a chamber, a diaphragm dividing 
said chain ber into upper and lower chambers, said upper 
chamber having means to coinect the same to a flow 
of anesthetic gas between the source of said gas and a 
breathing mask, a passage connecting said lower chamber 
to a Supply of air under pressure and to an airtight con 
tainer, a toggle mechanisin attached to said diaphragm 
operable by changes of pressure in said upper and lower 
chambers, waives adapted to close said passage between 
said lower chamber and said Supply of air and connected 
to be driven by said toggle rechasisin, an air outlet 
between said waives, a passage froin a supply of air to 
the atmosphere, a valve conjected to be driven by said 
toggle rehanism in Said last mentioned passage, said 
last mentioided valve being closed when said first men 
tioned valves are open and opened when said first men 
tioned valves are closed, an exhaust passage from said 
lower chamber to said passage between said air supply 
and the atmosphere, a plate waive in said exhaust pas 
Sage adapted to be open when said second mentioned 
valve is opened, a ventiri liozzie and tube in the passage 
between said supply of air and said lower chamber, said 
airtight container porting into the last mentioned pas 
Sage between said venturi nozzie and said venturi tube, 
a venturi nozzie and tu be in the passage between said 
air supply and the atmosphere, said exhaust passage 
opening into said last mentioned venturi between said 
nozzle and said tube, and a control valve to regulate the 
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air passing through the passage between the air supply 
and said lower chamber. 

13. An actuating device for a breathing machine, com 
prising: a case forming a chamber, a diaphragm dividing 
said chamber into upper and lower chambers, said upper 
chainber having naeans to connect the same to a flow 
of anesthetic gas between the source of said gas and a 
breathing mask, a passage connecting said lower chamber 
to a supply of air under pressure and to an airtight con 
taine, a toggle mechanism attached to said diaphragm 
3.g3rible by changes of pressure in said upper and lower 
chanibers, valves adapted to close said passage between 
said lower chamber and said supply of air and connected 
to be driven by said toggle mechanism, an air outlet 
between said valves, a passage from a supply of air to the 
at is sphere, a valve connected to be driven by said toggle 
!eciaais in said last mentioned passage, said last men 
tioned waive being closed when said first mentioned valves 
are open and opened when said first mentioned valves 
are closed, an exhaust passage from said lower chamber 
to said passage between said air supply and the atmos 
phere, a plate valve in said exhaust passage adapted to 
be open when said second mentioned valve is opened, 
a venturi nozzle and tube in the passage between said 
Sippiy of air and said lower chamber, said airtight con 
tainer porting iato the last menticned passage between 
saici ventri nozzle and said venturi tube, and a pressure 
con?trÖi Vaive in the passage bei ween Said air supply 
aid the atmosphere. 

14. An actuating device for a breathing machine, com 
prising: a case forming a chamber, a diaphragm dividing 
said chainber into upper and lower chainbei's, Said upper 
chailer having means to connect the same to a flow of 
anesthetic gas between the source of said gas and a breath 
iig ask, a passage connecting said lower chamber to 
a Supply of air under pressure and to an airtight con 
taine', a toggie mechanisim attached to said diaphragin 
operable by changis of pressure in said upper and lower 
chambers, valves adapted to close said passage between 
gid lower chamber and said supply of air and connected 
to be driven by said toggie mechanism, an air outlet 
between said valves, a passage from a Supply of air to 
the atmosphere, a valve connected to be driven by said 
toggie mechanisin in said last mentioned passage, said 
last mentioned valve being closed when said first men 
tioned valves are open and opened when said first men 
tioned valves are closed, an exhaust passage from said 
lower chamber to said passage between said air supply 
and the atmosphere, a plate valve in said exhaust pas 
Sage adapted to be open when said second mentioned 
valve is opened, a venturi nozzie and tube in the passage 
between said supply of air and said lower chamber, said 
airtight container porting into the last mentioned passage 
between said venturi nozzle and said venturi tube, a ven 
tiiti nozzle and tube in the passage between said air 
Supply and the atmosphere, said exhaust passage open 
ing into said last mentioned venturi between said nozzle 
and said tube, and a pressure control valve in the passage 
between said air supply and the atmosphere. 

15. In a regulator for a breathing machine, a case 
forming a chamber, a diaphragm dividing said chamber in 
two, a supply of air under pressure ported into one of 
said chambers, a delivery pipe porting into the other 
of Said chambers, a toggle mechanism attached to said 
diaphragm and actuated by a differential of pressure on 
the sides of said diaphragm, valve means actuated by said 
toggle mechanism between said source of supply of air 
and said chanber, an exhaust passage from said source 
of air to the atmosphere, valve means actuated by said 
toggle mechanism and in opposite phase to said first 
mentioned valve means to open said passage from said 
supply of air to the atmosphere when said first mentioned 
valve means is closed, and an exhaust valve between 
said exhaust passage and said valve chamber. 

16. In a regulator for a breathing machine, a case 
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forming a chamber, a diaphragm dividing said chamber 
in two, a supply of air under pressure ported into one 
of said chambers, a delivery pipe porting into the other 
of said chanibers, a toggle mechanism attached to said 
diaphragm and actuated by a differential of pressure of: 
the sides of said diaphragm, valve means actuated by 
said toggle mechanism between said source of supply 
of air and said chamber, an exhaust passage from said 
source of air to the atmosphere, valve means actuated 
by said toggle mechanism and in opposite phase to said 
first mentioned valve means to open said passage from 
said supply of air to the atmosphere when said first men 
tioned valve means is closed, a venturi nozzle and tube 
in said exhaust passage, and said exhaust valve porting 
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air from said chamber between said venturi nozzle and 
said venturi tube when said second mentioned valve 
means is opened. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,352,523 Emerson -------------- June 27, 1944 
2,582,210 Stanton --------------- Jan. 8, 1952 
2,591,120 Blease ---------------- Apr. 1, 1952 

FOREIGN PATENTS 
164,63 Germany -------------- Oct. 27, 1905 


