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1. 

WALWE ARRANGEMENT, ESPECIALLY FOR USE 
IN ANAESTHETIC GAS SUPPLY SYSTEMS 

The present invention relates to valve arrangements 
adapted for use in connection with such gas circulation 
systems as, for example, anaesthetic gas supply systems 
i.e. systems in which anaesthetic gas and/or oxygen are 
introduced into the lungs of a person to be treated. 
More specifically, bot not exclusively the invention 
refers to valve arrangements for intermittently opening 
and closing a connection between a so-called semi 
closed anaesthetic gas supply system and the at 
mosphere. 
During narcosis it is in many cases a factor of 

greatest importance to support natural breathing or to 
administer artificial respiration, which can be per 
formed with the aid of an anaesthetic gas supply system 
of the type shown in FIG. 1 of the accompanying 
drawings. Such a system comprises a semi-closed cir 
cuit 1 continuously supplied with gas from a gas source 
2. The system also comprises an expandable bag or 
bladder 3 which is filled with gas from the source 2 due 
to the fact that the gas pressure in the system is slightly 
higher than atmospheric pressure. Moreover the 
system is commonly provided with a connection 4 lead 
ing to the respiratory system of the patient, with 
directional valves such as 5, 6 forcing the gas the flow 
through the system in the correct direction, and an ab 
sorber 7 removing pollutions such as carbon dioxide 
from the system. The gas is forced into the lungs of the 
patient by compression of the bag or bladder 3 causing 
a state of overpressure to be developed in the system. 
When the bag is subsequently released and the pressure 
again drops to substantially atmospheric pressure or 
below the positive pressure then prevailing in the lungs 
will force the gas back into the anaesthetic gas supply 
system. As during the complete process oxygen and/or 
anaesthetic gas will be continuously supplied and as the 
amount of air expired is substantially of the same order 
of magnitude as the amount inhaled it will obviously be 
necessary to provide a valve connection between the 
gas system 1 and the atmosphere, thereby enabling ex 
cess of gas to be discharged from the system. 
The valve arrangements in conventional semi-closed 

rebreathing systems of the above type usually operate 
in such a way that the valve disk of a blow-off valve 8 is 
lifted from its seat whenever the positive pressure in the 
system exceeds a predetermined value of, for example, 
about 0.5 cm HO due to spontaneous exhalation or ex 
cess supply of gas whereby such excess gas is 
discharged from the system. When the pressure prevail 
ing in the system has a value lower than that mentioned 
above the valve disk due to its normal bias, for example 
by means of a spring or the action of gravity, will rest 
against its seat whereby the communication between 
the re-breathing system and the atmosphere will be in 
terrupted. 
The so-called controlled ventilation of the patient, 

i.e. the measure of forcefully introducing gas into the 
patient's lungs by compression of the bladder or bag, 
requires that a considerably higher positive pressure be 
built up in the system, the order of magnitude of this 
pressure being, for example 30 cm H.0. In many prior 
art devices the positive pressure necessary for ensuring 
an adequate controlled ventilation is obtained by mak 
ing the gas discharge capacity of the blow-off valve, on 
the one hand sufficiently low to allow said positive 
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2 
pressure to build up in the system during compression 
of the bag and, on the other hand, sufficiently large to 
allow the excess gases and/or the exhalation gases to "- 
blow-off' to the atmosphere without causing an unduly 
high pressure to appear in the system. 
A considerable drawback of such valve arrange 

ments may be ascribed to the fact that no direct conclu 
sions can be drawn from the degree of compression of 
the bag or bladder concerning the amount of gas ac 
tually introduced into the lungs, Accordingly, it is com 
mon practice to evaluate this factor by considering the 
expansion of the thorax during the inhalation phase, 
such evaluation however being of a qualitative rather 
than quantitative character. 
Another drawback of said value arrangements is that 

a considerable volume of gas is lost during each com 
pression of the bag this drawback being particularly 
pronounced when the system is continuously supplied 
with an expensive anaesthetic gas. 

It has been proposed to solve this problem by in 
creasing the resistance against opening of the blow-off 
valve, i.e. the closing bias of the valve disk, by manual 
operations. However, this involves the serious draw 
back that due to an increase of the pre-loading of the 
valve disk the blow-off valve will open during the ex 
piratory phase only at an unduly high overpressure. 
Hereby the blood circulation of the patient may be ad 
versely influenced because the generally excessive 
pressure prevailing in the lungs caused thereby will op 
pose the inflow of blood to the heart. These conditions 
will be aggravated in proportion to the amount of gas 
supplied to the narcosis system. 
As breathing and blood circulation are vital func 

tions which when changed during acute situations may 
involve danger of life for the patient it is an advantage 
or even a necessity so to operate an anaesthetic gas 
supply system that the expiratory phase may take place 
during normal pressure conditions while still enabling 
the system to be operated in such a way that any com 
pression of the bag causes an amount of gas substan 
tially corresponding to the amount expelled from the 
bag to be introduced into the lungs. 

It is a purpose of the invention to solve the above 
problems referring to opening and closing the commu 
nication between the rebreathing system and the at 
mosphere in such a way that this communication is held 
open for discharging excess gas and expiration air, the 
communication being closed when the bag or bladder is 
compressed i.e. when the gas is to be forced into the 
lungs of the patient, the communication being opened 
again when the compression of the bag is discontinued. 
Under these conditions the pressure in the anaesthetic 
gas supply system during the expiration phase is limited 
to a minimum value corresponding to the value 
required in order to guarantee the expansion of the bag 
or bladder due to the continuous supply of gas whereby 
the bag's character as a gas supply reservoir will be 
maintained. 

In accordance with the invention this problem is 
solved by using, on the one hand, a blow-off valve such 
as a disk, poppet or membrane valve of a conventional 
type keeping the communication between the re 
breathing system and the atmosphere closed up to a 
relatively low pressure but adapted to open this com 
munication when there is an excess amount of gas 
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present and when expiration takes place and, on the 
other hand, a device responsive to the pressure prevail 
ing in the system and adapted to act upon the valve disk 
of the blow-off valve to close this valve again upon 
compression of the bag or bladder, i.e. under condi 
tions of an overpressure in the system substantially 
greater than that at which the biasing force acting on 
the valve disk is overcome. This result is obtained ac 
cording to the invention by causing at some place in the 
system the pressure prevailing therein to act on a mova 
ble member which in turn develops a pressure-depen 
dent force which is transferred to the valve disk of the 
blow-off valve and acts to close the valve when the bag 
is compressed. It is then necessary, in order that the 
valve shall be closed upon compression of the bag, that 
the pressure force applied to the valve disk from the 
movable member during the compression is greater 
than the difference between the pressure force acting 
on the valve disk due to the pressure prevailing in the 
system and tending to open the valve and the biasing 
force holding the valve closed during low overpressures 
in the system. If no particular arrangements are made 
substantially the same pressure will act on both the 
movable member and the valve disk, and in this case 
the above presupposition means that either the pres 
sure within the system will have to be caused to act on 
the movable member over greater area than the area of 
the valve disk or that a suitable transfer ratio must be 
applied in the force transfer from the movable member 
to the valve disk. Of course these two means for obtain 
ing an overwhelming closing force acting on the blow 
off valve upon compression of the bag may be com 
bined. 
A further condition for the proper functioning of the 

valve arrangement according to the invention is that 
the force developed by the movable member must not 
be transferred fully to the valve disk at low overpres 
sures prevailing in the system because this would mean 
that the blow-off valve would not open for discharging 
excess gas after filling of the bag or during the expira 
tion phase. The system would in this case operate as a 
completely closed system. The desirable way of opera 
tion is obtained in accordance with the invention either 
by providing means exerting a certain, preferably con 
stant and pressure independent force opposing the 
closing force developed by the movable member, or by 
providing means making said closing force act upon the 
valve disk of the blow-off valve only when this force has 
attained a certain value, i.e. when the pressure in the 
system has reached a certain value higher than that at 
which the biasing force of the blow-off valve is over 
COc. 

Thus, the primary object of the invention is to pro 
vide a valve arrangement for use in such gas circulation 
systems as anaesthetic gas supply systems, in which a 
connection between the system and the atmosphere is 
to be opened or closed depending on the pressure 
prevailing in the system, this arrangement comprising a 
blow-off valve interconnecting the system and the at 
mosphere and provided with biasing means tending to 
hold the valve closed at small overpressures in the 
system but permitting the valve to be open at slightly 
higher overpressures caused by supply of excess gas 
and during expiration, and a movable member con 
nected to the system and adapted to be acted-upon by 
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4 
the pressure prevailing in the system, said movable 
member developing a force generated by this pressure 
and transferred via a force transfer system to the valve 
disk to close the blow-off valve when the bag is com 
pressed and again to open or permit opening of the 
valve when the compression is discontinued. 

This and other objects of the invention will appear 
from the following description of preferred embodi 
ments of the invention with reference to the accom 
panying drawings, in which: 

FIG. 1, which has already been described illustrates a 
conventional semi-closed re-breathing system; 

FIG. 2a and 2b illustrate a preferred embodiment of 
the valve arrangement according to the invention dur 
ing different pressure conditions; 

FIG. 3 shows another embodiment of the movable 
member, 

FIG. 4 shows another embodiment of the force 
transfer system; 

FIG. 5 and 6 illustrate another embodiment of the 
force transfer system; and 

FIG. 7 shows still another embodiment of the valve 
arrangement according to the invention. 

FIGS. 2a and 2b represent a preferred embodiment 
of the valve arrangement according to the invention, 
FIG. 2a illustrating the insufflation phase with com 
pression of the bladder and FIG.2b illustrating the ex 
halation phase with release of the bladder. According 
to this embodiment the valve arrangement according to 
the invention is made very compact and comprises a 
housing 15 provided with an inlet connection 16, an 
outlet connection 17, and a bladder connection 18. A 
gas conduit 19 which interconnects the inlet connec 
tion 16 and the outlet connection 17 is continuously 
supplied with oxygen and/or anaesthetic gas from a gas 
source 2. Said conduit 19 is also provided with a branch 
conduit leading to the patient and an absorber 7 
eliminating pollutions such as charbon dioxide from the 
gas circulating in the conduit 19. Said conduit also con 
tains one-way valves such as 5 forcing the gas to flow 
only in the correct direction in the gas conduit 19. 
The housing 15 is provided with a blow-off valve 8 

putting the interior of the housing in communication 
with the atmosphere, said valve preferably being made 
up of a valve disk 14 and a corresponding valve seat 20. 
The valve disk 14 is subjected to a biasing force ob 
tained by, for example, a spring pressing the valve disk 
against its seat and/or by the gravity force acting on the 
valve disk. Said biasing force is adjusted such that the 
blow-off valve opens as soon as the positive pressure in 
the system attains a relatively low value of, for exam 
ple, 0.5 cm H.0, i.e. the pressure required for filling the 
bladder with gas after compression. 
According to the invention the housing 15 is also 

provided with a connection to a movable member 9 
which is shaped as a bellows in the embodiment shown 
in FIGS. 2a and 2b. The bellows 9 expands and con 
tracts depending on the pressure variations in the 
system. The pressure dependent force developed by the 
bellows upon expansion thereof is transferred to the 
valve disk 14 via a force transfer system in order to 
exert a closing force on the blow-off valve 8. The force 
transfer system may be designed in many different 
ways, a preferred embodiment being shown in FIGS. 2a 
and 2b, According to this embodiment the bellows 9 is 
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caused to act upon the end of a lever 13, the other end 
of which is adapted to come into contact with the valve 
disk 14 in a direction to close the valve. 
The lever 13 is double-armed and rotatably fixed to a 

support structure 26 which is secured to the valve hous 
ing 15. In order to obtain a good force transfer from the 
bellows 9 to the force arm 25 of the lever, the end of 
said arm is preferably formed as a thin plate, the sur 
face of which corresponds to the upper surface of the 
bellows 9. When utilizing this embodiment of the force 
transfer system it is possible mutually to adapt the sur 
face of the movable member 9 exposed to the pressure 
prevailing in the system, the corresponding surface of 
the valve disk 14 and the length ratio between the force 
arm 15 an the load arm 24 of the lever in such a way 
that the pressure dependent force transferred from the 
bellows 9 and acting to close the blow-off valve will be 
greater than the pressure dependent force acting on the 
valve disk 14 and tending to open the blow-off valve. 
The valve arrangement shown in FIGS. 2a and 2b 

also illustrates a preferable solution of the problem to 
prevent blocking of the blow-off valve during the ex 
piration phase, i.e. when relatively low overpressure ex 
ists in the system. According to this solution there is 
provided a magnet 21 adapted to attract an iron part 22 
comprised by the force transfer system. This iron part 
22 is positioned in such a way in relation to the magnet 
21 that the force of attraction of the magnet 21 coun 
teracts the closing force produced by the movable 
member 9 such that the load arm 24 does not close the 
blow-off valve 8 until the attraction force of the magnet 
has been overcome. As the force of attraction between 
the magnet and the iron part decreases rapidly with the 
distance therebetween there will be a very rapid and ef 
fective locking action as soon as the closing force from 
the movable member overcomes the said attraction 
force. The value of the force of attraction can be con 
trolled by means enabling the magnet 21 to be shifted 
in relation to the iron part 22 belonging to the force 
transfer system. In the embodiment shown in FIGS. 2a 
and 2b the magnet 21 is disposed above the load arm 24 
of the lever 13 comprising the iron part 22, but it is, of 
course, also possible to dispose the magnet below the 
force arm 25, which is in this case provided with the 
iron part. A simple way of varying the attraction force 
between the iron part 22 and the magnet 21, which is 
preferably supported by a carrier means 27 secured to 
the housing 15, is to provide the magnet with a screw 
thread for engagement with a corresponding nut thread 
in the carrier means 27, the attraction force then being 
varied by screwing the magnet more or less into the nut 
thread of the carrier means, which may also be pro 
vided with a scale cooperating with a mark on the mag 
net and indicating for each setting position, for exam 
ple, the flow velocity or overpressure at which the 
blow-off will be blocked. 
Another manner of preventing blocking of the blow 

off valve at relatively small overpressures or flow 
velocities is to design the force transfer system such 
that it will not come into action until the pressure in the 
system has reached a certain value. Such an arrange 
ment involves the advantage that the valve will not be 
acted-upon by a successively increasing closing force 
but rather by a closing force which upon activation of 
the force transfer system suddenly rises from zero to a 
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6 
relatively high value. Thus, the valve closing action will 
become more effective. If a bellows is used as the 
movable member the arrangement may, for example, 
be such that the bellows actuates the force transfer 
system only when a certain degree of extension of the 
bellows has been reached. In the construction involving 
a piston movable in a cylinder a corresponding arrange 
ment may consist in causing the piston to release the 
force transfer system only after a certain movement of 
the piston in the cylinder. 
The closing action of the valve arrangement accord 

ing to the invention can be made more effective by 
providing a check valve such as a disk or flap valve in 
the system between the position at which the blow-off 
valve is provided and the position at which the movable 
member is attached to the system. In this way the gas 
stream in the system may be suitably controlled to ob 
tain, on the one hand, a more effective closing of the 
blow-off valve and, on the other hand, a delayed clos 
ing action in response to pressure variations during the 
expiration phase. 
As shown in FIGS. 2a and 2b, the check valve 28 is 

preferably placed in the proximity of the movable 
member 9 or the branch conduit leading to the mova 
ble member, and the check valve 28 is directed so as to 
prevent the gas flow generated by compression of the 
bag from following the shortest way in the circuit 
towards the blow-off valve 8. If the movable member 9 
is positioned close to the bag 3 and the blow-off valve 8 
closely adjacent to the movable member while at the 
same time causing the check valve 28 to prevent gas 
from flowing the shortest way between the movable 
member 9 and the blow-off valve 8, the pressure surge 
due to compression of the bag 3 will actuate the mova 
ble member 9 practically without delay whereas the 
valve disk 14 of the blow-off valve 8 will be acted-upon 
only after propagation of the pressure surge through 
practically the whole system. 

In this manner the pressure increase caused by com 
pression of the bag will immediately act on the movable 
member 9 developing a pressure-dependent closing 
force, but said pressure increase will not reach the 
valve disk of the blow-off valve but after a certain 
period of time. Consequently, the pressure acting on 
the movable member 9 will during the compression of 
the bag 3 be higher than the pressure acting on the 
valve disk 14 and tending to open the blow-off valve 8. 
On the other hand, pressure increases due to exhala 

tion or excess supply of oxygene or anaesthetic gas will 
first act on the valve disk 14 and only thereafter on the 
movable member 9. On such occations when it is not 
desired that the blow-off valve be closed the pressure 
acting on the movable member 9 will be equal to or 
rather somewhat lower than the pressure acting on the 
valve disk 14, thereby counteracting blocking of the 
blow-off valve. 
The propagation of the pressure increase caused by 

compression of the bag can be further delayed by in 
troducing a throttling means in the system. A very sim 
ple and efficient embodiment of such throttling means 
is shown in FIG.2a. According to this embodiment the 
throttling means consists of a disk 29 having a central 
opening 30 of reduced cross-section. The disk 29 
shown i FIG.2a is disposed between the inlet end of the 
housing 15 and the blow-off valve 8, but it is also possi 
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ble to insert the throttling means at some other place in 
the system downstream of the bladder and upstream of 
the blow-off valve. Any other conventional throttling 
means such as different types of jets or nozzles can be 
utilized in place of the disk 29 in order to reduce the 
opening force acting on the valve disk of the blow-off 
valve during compression of the bag and during exhala 
tion. 
Another suitable embodiment of the movable 

member is shown in FIG. 3. In this case the movable 
member has the shape of a piston 10 which is slidable in 
a cylinder 11 which is in communication with the main 
conduit of the semi-closed re-breathing system, the dis 
placement of the piston 10 being dependent on the 
pressure in said system, which acts on one surface of 
the piston 10. The piston may be exposed to the action 
of a spring 12 counteracting the force for which the 
piston is exposed due to overpressure in the system and 
thus permitting transfer of the latter force to the valve 
disk only when the force has become greater than the 
spring force, i.e. upon the precence of a relatively high 
overpressure in the system caused by compression of 
the bag or bladder 3. The piston 12 may be mechani 
cally connected to one end of a lever 13, the other end 
of which is adapted to come into contact with the valve 
disk 14 of the blow-off valve or to actuate said disk via 
suitable transmission members as has already been 
described with reference to FIGS. 2a and 2b. The 
spring 12 can also be replaced by the magnet arrange 
ment described above, 

In another embodiment of the invention which is ill 
lustrated in FIG. 4 the force transfer system 23 is pro 
vided with an adjustable counterweight 31 which is so 
arranged that the force transferred to the valve disk 14 
via the force transfer system 23 will not become large 
enough to close the blow-off valve 8 until the overpres 
sure in the system has reached a certain value at which 
the pressure force exerted on the movable member, for 
example the bellows 9 or the piston 10, is greater than 
the force exerted by the counterweight 31 and acting in 
the opposite direction. In this case the force transfer 
system 23 can be constructed as a lever 13 on or along 
which the counterweight is adapted to be shifted. The 
force exerted by the counterweight 31 and counteract 
ing the force exerted by the movable member 9 is in 
this case depending on the position of the counter 
weight in relation to the momentum point of the lever 
13. Also in this case there may be provided a scale in 
dicating different flow velocities and/or overpressures 
for different positions of the counterweight on the 
lever. 
As shown in FIGS. 5 and 6 the force transfer system 

may also be designed as a direct connection between 
the valve disk 14 and the movable member 9, in which 
case the forces depending on the pressure prevailing in 
the narcosis system and acting on respectively the valve 
disk and the movable member are directed in opposite 
directions substantially along a common axis. This con 
nection may comprise rigid force transfer members 32 
as shown in FIG. 5, or pliable members 33 as shown in 
FIG. 6, the latter type of connection being exemplified 
by cords, belts, chains or resilient straps. Care should 
be taken in this connection to prevent such shifting of 
the movable member as will appear upon small over 
pressures in the system (excess gas supply, expiration) 
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8 
from exerting any closing action on the valve disk, 
there being a degree of lost motion causing such force 
to act on the valve disk 14 only at higher pressures 
prevailing in the system (compression of the bag). 
When rigid connecting member are used some kind of 
a telescope connection 34 or other connections com 
prising lost motion should be used to absorb any shift 
ing movement of the movable member 9 due to small 
overpressures in the system and to permit opening of 
the blow-off valve 8 to discharge continuous excess gas 
supply and expiration air without actuation of the valve 
disk by the movable member in a closing direction. 
As shown in FIG. 7 the force transfer may also be 

performed in such a way that the movable member is 
caused to act directly against the valve disk 14 of the 
blow-off valve 8 or a contact surface thereon. Accord 
ing to FIG. 7 a bellows or movable piston or some other 
expandible member 9 is connected to a first connection 
of a T-piece 35 which is stationary with respect to the 
blow-off valve 8. The bag 3 is secured to the second 
connection of the T-piece 35, the third connection of 
which communicates with the system via a branch con 
duit 36. By expansion of the bellows or shifting move 
ment of the piston due to compression of the bag 3 the 
said member 9 will come into direct contact with the 
valve disk 14 to close the blow-off valve 8. Care should 
be taken to prevent such contact from taking place at 
low overpressures in the system, for example by utiliz 
ing one or more magnets 21 attracting an iron part 22 
of the expandable member 9. As in the above described 
embodiments it is advantageous to make use of a one 
way valve 28 disposed between the blow-off valve 8 
and the branch conduit 36 and a throttling means 29, 
30 upstream of the blow-off valve. 
By providing the valve device according to the inven 

tion with a manually operated deblocator 37 (FIGS. 2a 
and 2b) such as a push-button which can be locked in 
two positions it is possible to obtain a de-blocking of 
the blow-off valve in case a state of blocking has ac 
cidentally developed due to faulty operation or adjust 
ment. In the first position, which is indicated in con 
tinuous lines in FIGS. 2a and 2b, the push-button 37 
does not interfere with the force transfer system, but in 
the second position, indicated by the dotted lines in 
FIG. 2b, the push-button interferes with the force 
transfer system so as to prevent the force developed by 
the movable member from being transferred to the 
blow-off valve. The valve arrangement may also com 
prise means making it possible manually to cause 
blocking or lock out of the blow-off valve which can be 
desired during certain types of narcosis, in particular 
when small amounts of gas are supplied not requiring 
any communication between the system and the sur 
rounding atmosphere. 
With the valve construction as described above it is 

thus possible to eliminate the draw-backs of previously 
known valve constructions, especially those utilized in 
so-called semi-closed re-breathing systems. When 
utilizing the valve arrangement according to the inven 
tion there is obtained an anaesthetic gas supply system 
which on the one hand, is in communication with the 
atmosphere at relatively small overpressures (high 
enough to overcome the biasing force of the blow-off 
valve) in the system, thus enabling expiration and 
discharge of excess gas under favorable conditions and, 
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on the other hand, is shut off from communication with 
the atmosphere at higher overpressures created in the 
system by compression of the breathing bag whereby 
control of the amount of gas thus introduced into the 
respiratory ducts of the patient is facilitated and the 
loss of gas is minimized. By adjustment of the various 
adjustable pre-loading devices used in connection with 
the invention, such as a shiftable counterweight or a 
magnet, the narcosis system in a convenient way may 
be adjusted for use under varying conditions of con 
tinuous gas supply to the system so that the valve al 
ways will open at a suitable selected pressure, for exam 
ple of an order of magnitude of 0.5 - 1.0 cm H0. 
By suitable dimensioning the movable member, 

suitably selecting the force transfer system and the pre 
loading thereof it is possible to ensure that when com 
pressing the bag the amount of gas which is discharged 
from the system before the valve disk closes the valve 
due to the action from the movable member will be 
substantially zero or amount to an arbitrary value. 

Although the invention has been described with 
reference to a re-breathing system for supporting natu 
ral breathing or administrating artificial respiration the 
valve arrangement according to the invention can be 
utilized in connection with all types or pressure con 
trolled gas circulation systems in which it is desired to 
open or close a connection to the atmosphere or to 
another system depending on the overpressure prevail 
ing in the system. 
The valve arrangement can be modified in many way 

without departing from the scope of the invention. For 
example, the force transfer from the movable member 
to the blow-off valve must not be obtained by the above 
examplified arrangements, but any conventional 
mechanical, hydraulic, pneumatic or electrical force 
transfer system can be utlilized in place thereof. 
Although it has been preferred to arrange the movable 
member and the blow-off valve adjacent to each other 
in one compact unit, the invention is not limited to such 
an arrangement, but the valve arrangement according 
to the invention is capable of producing a sufficient 
closing action irrespective of the location of the mova 
ble member with respect to the blow-off valve and of 
the succession of said members in relation to the gas 
flow direction. 
What is claimed is: 
1. A blow-off valve arrangement for use in a gas cir 

culation system venting to its environment in depen 
dence on the internal pressure prevailing in the system, 
comprising a valve housing provided with a valve seat, 
a valve closing member, disposed on said seat from the 
side of the environment and arranged to be biased in a 
closing position against said seat so long as said internal 
pressure is lower than a first predetermined overpres 
sure value and to pass into an open position under the 
influence of said internal pressure when said internal 
pressure exceeds said first predetermined value; a 
movable member exposed to said internal pressure and 
force transfer means disposed between said movable 
member and said valve closing member and arranged 
to mechanically act to close said valve closing member 
when said internal pressure exceeds a second predeter 
mined overpressure value which is higher than said first 
predetermined overpressure, whereby said gas circula 
tion system vents to its environment for releasing sur 
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10 
plus gas only when its internal pressure equals such an 
overpressure whose value lies between said two 
predetermined values, 

2. A blow-off valve arrangement according to claim 
1, wherein said force transfer means includes means ex 
erting a force opposing the closing of said valve closing 
member, said opposing force being greater than said 
first predetermined value, but smaller than said second 
predetermined value. 

3. A blow-off valve arrangement according to claim 
9 wherein said force transfer means includes a magnet 
which is adapted to attract an armature disposed on 
said lever of said force transfer means. 

4. A blow-off valve arrangement according to claim 
3, wherein the magnet is disposed on the opposite side 
of the load arm of the lever, and wherein the armature 
is provided on the load arm. 

5. A blow-off valve arrangement according to claim 
4, wherein the magnet is disposed on the same side of 
the force arm of the lever as the movable member, and 
wherein the armature is provided on the force arm. 

6. A blow-off valve arrangement according to claim 
3 wherein the distance between said magnet and said 
armature is adjustable. 

7. A blow-off valve arrangement according to claim 
9 wherein said force transfer means includes a counter 
weight provided on said load arm of said double armed 
lever. 

8. A blow-off valve arrangement according to claim 
7, wherein said counterweight is slidable on the load 
arm of the lever. 

9. A blow-off valve arrangement according to claim 
29 wherein said force transfer means includes a double 
armed lever, the force arm of which is adapted to be 
acted upon by said movable member and the load arm 
of which is adapted to act upon said valve closing 
member. 

10. A blow-off valve arrangement according to claim 
1 wherein the force transfer means comprises a pliable 
member such as a cord, belt, chain or a resilient strap 
interconnecting the movable member and the valve 
closing element, the length of said pliable member ex 
ceeding the shortest distance between its fixing points 
to such an extent that displacement of said movable 
member has effect on said valve closing member only 
after said internal pressure has reached said second 
predetermined value. 

11. A blow-off valve arrangement according to claim 
1 wherein the force transfer means comprises a rigid 
force transfer member interconnecting the movable 
member and the valve closing element, said rigid 
member having means for producing lost motion to 
such an extent, that displacement of said movable 
member has effect on said valve closing element only 
after said internal pressure has reached said second 
predetermined value. 

12. A blow-off valve arrangement according to claim 
11, said lost motion is caused by a telescope connection 

S. 

13. A blow-off valve arrangement according to claim 
1 wherein the movable member is a bellows capable of 
expansion and contraction. 

14. A blow-off valve arrangement according to claim 
1, wherein the movable member is a piston which is 
slidable in a cylinder communicating with the gas 
system. 
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15. A blow-off valve arrangement for use in a re 

breathing system for supplying treating gas to a patient, 
which system includes a re-circulation conduit having a 
first connection leading to the patient, a second con 
nection for continuously supplying treating gas to the 
system, a third connection for a compressible bladder, 
and a one-way valve forcing the gas to flow in a 
predetermined direction in said conduit, said arrange 
ment comprising a valve housing adapted to be placed 
directly in the circuit of said re-breathing system and 
comprising: a valve seat in said valve housing, a 
cooperating valve closing member disposed on said 
seat from the side of the environment and arranged to 
be biased in a closing position against said seat so long 
as the internal pressure prevailing in the system is lower 
than a first predetermined overpressure value and to 
pass into an open position under the influence of said 
internal pressure when said internal pressure exceeds 
said first predetermined value; a movable member ex 
posed to said internal pressure; and force transfer 
means disposed between said movable member and 
said valve closing member and arranged to mechani 
cally act to close said valve closing member when said 
internal pressure exceeds a second predetermined 
overpressure value which is higher than said first 
predetermined overpressure, whereby said gas circula 
tion system vents to its environment for releasing sur 
plus gas only when its internal pressure equals such an 
overpressure whose value lies between said two 
predetermined values. 

16. A blow-off valve arrangement as defined in claim 
15, wherein the movable member is disposed opposite 
said valve seat. 

17. A blow-off valve arrangement as defined in claim 
16, wherein the bladder is connected to the recircula 
tion conduit at a location opposite said valve seat. 

18. A blow-off valve arrangement as defined in claim 
17, wherein said one-way valve is provided in the recir 
culation conduit at a location between said valve seat 
and said bladder, said one-way valve being adapted to 
prevent the gas-expelled from the bladder from flowing 
the shortest way to the valve closing element. 

19. A blow-off valve arrangement as defined in claim 
18, wherein the bladder and the movable member are 
disposed near the valve closing element, thereby caus 
ing the gas expelled from the bladder upon compres 
sion thereof to flow through almost the entire recircula 
tion conduit before reaching the valve closing element. 

20. A blow-off valve arrangement as defined in claim 
18 further comprising a throttling means provided in 
the recirculation conduit between the patient connec 
tion and the valve closing element, said throttling 
means serving to delay the transfer from the bladder to 
the valve closing element of the pressure surge caused 
by compression of the bladder, 

21. A blow-off valve arrangement as defined in claim 
20, wherein said throttling means comprises a disk pro 
vided with a central opening having reduced cross-sec 
tion. 

22. A blow-off valve arrangement as defined in claim 
20, wherein said throttling means comprises a jet or 
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12 
nozzle. 

23. A valve unit for use in a re-breathing system for 
supplying treating gas to a patient, said unit comprising: 
a valve housing having an inlet connection; an outlet 
connection; a bladder connection; a blow-off valve comprising a valve seat and a cooperating valve closing 
element arranged to keep the blow-off valve closed 
whenever the pressure acting on the closing element 
from the interior of the valve housing is lower than a 
first overpressure value; a connection to a movable 
member which is capable of expansion and contraction 
in response to pressure variations within the valve 
housing; a double armed lever including a force arm 
and a load arm the force arm of which is adapted to be 
acted-upon by the force produced by expansion of the 
movable member and the load arm of which is adapted 
to act on said closing element to close the blow-off 
valve only when the pressure in the valve housing ex 
ceeds a second pressure value higher than said first 
value; a one-way valve dividing the valve housing into 
two separate chambers for allowing gas to flow only 
from a first of said chambers, with which the blow-off 
valve communicates, to the second chamber, into 
which the bladder connection and the connection to 
the movable member opens. 

24. A valve unit according to claim 30, wherein the 
load arm of said lever is provided with an iron part 
adapted to be attracted by a magnet disposed on the 
opposite side of the load arm with respect to the blow 
off valve, the attraction force between the magnet and 
the iron part being such that the load arm does not act 
upon the closing until the overpressure in the valve 
housing is higher than said second value. 

25. A valve unit according to claim 30, further com 
prising a throttling means disposed in the valve housing 
between the inlet connection and the blow-off valve. 

26. A valve unit according to claim 25, wherein said 
throttling means is a partition having opening of 
reduced cross-section. 

27. A blow-off valve arrangement as defined in claim 
1 further comprising means disposed in said valve hous 
ing between said valve seat and said movable member 
for preventing any appreciable flow of gas in a 
direction from said member toward said valve seat 
within said valve housing. 

28. A blow-off valve arrangement as defined in claim 
1 wherein said force transfer means are constituted by 
a portion of said movable member and is disposed ad 
jacent said valve closing member so that as the pressure 
in the gas circulation system increases the force 
transfer means directly applies the force acting on said 
surface to said valve closing member. 

29. A blow-off valve arrangement according to claim 
1, wherein said movable member is disposed on said 
housing at the side of said valve seat and connected 
with said valve closing member through force transfer 
means in the form of a lever. 

30. A blow-off valve arrangement according to claim 
15, further comprising an absorber for removing pollu 
tions such as carbon dioxide. 
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