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ABSTRACT OF THE DISCLOSURE 
A steam operated autoclave having a circulating steam 

phase, a steam producing heat accumulator, a water con 
tainer and valves in the conduits ‘between the different 
parts of the autoclave and its accessories for controlling 
the ?ow of steam and water between the parts. Pressure 
and temperature sensing means are arranged to control 
the steam feed to the autoclave in such a way as to pro 
duce repeated pressure variations in the autoclave and 
thereby achieve an effective sterilization. 

This invention relates to steam operated autoclaves 
and similar pressure-tight vessels having a circulating 
steam phase in which the steam is generated in a heat 
accumulator connected to the interior of the autoclave. 
The heat accumulator is connected, through a feeding 
conduit provided with a valve, to a water container 
situated outside the autoclave and is also connected to 
the interior of said autoclave. The water container is 
connected to a water supply for an autoclave compensa 
tion of water losses occurring after each sterilization. 

In conventional steam operated autoclave having a 
closed circuit for the purpose of supplying steam, the 
air in the autoclave is expelled together with condensed 
water formed in the autoclave through a common con 
duit connected to a water recipient. The water recipient 
is, by means of an evacuation conduit, connected to a 
valve which is adapted to be opened when air is present 
in the system and to be closed when passed through by 
steam. This known device is further provided with a 
feed conduit issuing from the recipient and being con 
nected to the steam producer, said feed conduit provided 
with a valve by which the water quantity fed to the 
steam producer can be controlled so as to obtain the de 
sired steam pressure in the autoclave. In this known de 
vice, a rather long sterilization time is required before 
all the air has been expelled and the desired steriliza 
tion temperature has been reached. 
The purpose of the present invention is to produce 

automatically repeated, previously determined pressure 
variations during the operation of the autoclave where 
'by the air present in the autoclave is quickly and com 
pletely expelled and a very short sterilization time is 
achieved. By means of the very quick and repeated pres 
sure variations thus obtained, the germs are effectively 
killed. The invention is thus based on the following 
knowledge. The core of the bacterium cell is protected 
by a membrane which is compressed at a pressure in 
crease in the autoclave, causing the pressure in the bac 
terium to be raised. 
Any succeeding quick pressure release then occurring 

in the autoclave will cause a very quick expansion of the 
membrane due to the high pressure in the bacterium. This 
causes a burst of the membrane, with the cell core of 
the' bacterium coagulating at the high temperature. 

In accordance with the invention, the above require— 
ments are ful?lled and a sterilization procedure with pre 
determined pressure variations is obtained, by pressure 
and/0r temperature sensing means arranged so as to 
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operate the valve in the feeding conduit to control the 
steam feeding. 'Also a three-way valve is arranged be 
tween the autoclave and the water container and is 
adapted to connect the water container alternatively 
with the autoclave and the atmosphere. The autoclave is 
hereby therefore connected to the water container on the 
one hand through a connection in which the three-way 
valve is included for removal of condensed water formed 
in the autoclave and on the other hand by means of a 
connection for the exhaust of air andv steam. 

In order that the invention will be fully understood, 
reference will now be made to the accompanying draw 
ing which forms part of this speci?cation and shows 
diagrammatically a device according to the invention. 

Reference numeral 1 denotes an autoclave which by 
means of a conduit 2 is connected to a heat accumula 
tor 3 serving as a steam producer, and the temperature 
is kept at a constant value in the heat accumulator by 
means of a thermostat 4 in the same. 

The heat accumulator 3 is fed with water, to be eva 
porated, from a water container 5 through a feeding 
conduit 7 provided with a two-way valve 6, said conduit 
7 debouching in the heat accumulator 3 with a spray 
mouth piece 8. The two-way valve 6 is in this case as 
sumed to be in the shape of an electromagnetic valve. 
Condensed water formed in the autoclave 1 is drained 
through a conduit 9 connected to the bottom of the auto 
clave, said draining conduit 9 being connected through a 
three-way valve 10 and a conduit 11 to the water con 
tainer 5. The three-way valve 10, which is assumed to 
take the shape of an electromagnetic valve, also con 
nects the conduit 1.1 from the water container 5 to a 
water storage tank 12 via conduits 13 and 14 for ?lling 
the water container 5 with water. The bottom of the 
autoclave is further provided with an evacuation conduit 
15 having a thermometer 16, a thermostat 17 and a 
pressure switch 18. The evacuation conduit 15 is con 
nected to the water storage tank 12 via a conduit 20 
provided with a selector valve 19, the last mentioned 
conduit 20 debouching above the water level in the 
storage tank v12. The evacuation conduit 15 is further 
provided with a branch conduit 21 connected to the 
water container 5, and the conduit 14 extending from 
the three-way valve 10 is, by means of a conduit 22, 
connected to the conduit 20. In a way known per se, the 
evacuation conduit 15 also contains a safety valve 23. 
So as to prevent an entering of the steam into the storage 
tank 12 the conduit 14 is provided with an one-way 
valve 24. The pressure and temperature sensing ‘means 
in the evacuation conduit 15 are preferably arranged in 
the close neighbodhood of the autoclave 1. t 
The thermostat 17 and the pressure switch 18 are in 

tended to control electrically the three-way valve 10 and 
the two-way valve 6. When the solenoid 10a of the three 
way valve 10 conducts electric current, the valve opens 
the connection between the autoclave 1 and the water 
container 5 via the conduits 9 and 11 and closes simul 
taneously the connection between the water container 5 
and the storage tank 12 via the conduits 11, 13 and 14. 
When the solenoid 10a of the three-way valve 10 does 
not conduct any electric current, the condition will be 
the reversed one, i.e. the connection between the auto 
clave .1 and the water container 5 is closed and instead 
the connection is opened between the water container 5 
and the water storage tank 12. 
The two-way valve 6 in the feeding conduit 7, this 

valve 6 controlling the water supply to the heat accumu 
lator 3, is opened and closed when the electric current 
to the solenoid 6a of the two-Way valve 6 is connected 
and interrupted, respectively. 
The pressure switch 18 and the thermostat 17 are prefer 
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ably adjusted in a predetermined pressure and tempera 
ture range, respectively. 
The arrangement just described operates as follows. 
At ?rst, when the air in the autoclave 1 is to be ex 

pelled and the pressure raised, the pressure switch 18 
operates to feed electric current to the solenoid 6a of the 
two-way valve 6 and the solenoid 10a of the three-way 
valve 10, which causes the two-way valve 6 to open the 
connection between the water container 5 and the heat 
accumulator 3 and the three~way valve 10 to open the 
connection between the autoclave 1 and the water con 
tainer 5, simultaneously as the connection between the 
conduit 11 and the conduit 13, 14 connected to the storage 
tank 12 is closed. When the two-Way valve 6 is opened, 
water streams from the water container 5 through the 
feeding conduit 7 into the heat accumulator 3 via the 
spray mouth piece 8. The water is quickly evaporated in 
the heat accumulator 3 which preferably is held at a 
constant temperature of 250° C., and the steam thus 
produced streams through the conduit 2 to the autoclave 
1. The water condensed during the heating of the autoclave 
is drained to the water container 5 through the drainage 
conduit 9 and the conduit 11 via the three-way valve 10. 
The air present in the autocalve 1 is expelled by means 

of the steam entering the autoclave, and streams, together 
with the steam, out of the autoclave through the evacua 
tion conduit 15, the selector valve 19 then being open and 
further through the conduit 20 to the storage tank 12 
which is in direct connection with the atmosphere. As 
soon as the greater part of the air has been expelled from 
the autoclave 1 and has passed the selector valve 19, the 
succeeding steam stream will influence this valve in such 
a way that it automatically closes. 
A temporarily closed circulation system is thereby ob 

tained whereby the pressure in the autoclave 1 will quickly 
increase. For the reason that the autoclave 1 is in direct 
connection with the water container 5 through the evacua 
tion conduit 15 and the branch conduit 21 from the same, 
the pressure in the autoclave 1 will momentarily be trans 
mitted to the water surface in the water container 5 to 
force the water to stream with increased speed to the 
heat accumulator 3 to be evaporated. From the accumu 
lator it is sprayed, in the form of steam, into the autoclave 
causing a continuous pressure increase. The pressure in 
the autoclave is increased in this manner to the maximum 
value pre-set by means of the pressure switch 18 which 
then interrupts the electric current to the solenoid 6a 
of the two-way valve 6 and the solenoid 10a of the three 
way valve 10 such that the two-way valve 6 is closed and 
the water supply to the heat accumulator 3 ceases. Simul 
taneously, the three-way valve 10 closes the connection 
between the autoclave 1 and the water container 5 and 
opens instead the connection between the conduit 11 and 
the conduit 13, 14 connected to the storage tank 12, 
whereupon the air residues present in the autoclave 1 
and the conduits are brought along by the steam stream 
ing with a high speed. In case the selector valve 19, which 
preferably is provided with cooling ?ns, is cooled during 
the sterilization proper, this valve is opened for removal 
of a part of the air but is closed thereupon by the suc 
ceeding steam stream. The pressure in the autoclave 1 
then drops quickly via the evacuation conduit 15, the 
branch conduit 21, the water container 5, the conduit 11, 
the three-Way valve 10 and the conduits 13, 22 and 20. 
When the pressure in the autoclave has dropped to the 
minimum valve which has been pre-set by means of the 
pressure switch 18, the latter will be reactuated so that 
the solenoid 6a of the two-Way valve 6 and the solenoid 
10a of the three-way valve 10 again will conduct electric 
current and the pressure will again rise and any formed 
condensed water will be drained to the water container 5 
as already described. 

This sterilization procedure with increasing and de 
creasing pressure is repeated automatically several times 
until all the air has been removed from the autoclave 
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4 
and the maximum temperature pre-set by means of the 
thermostat 17 is reached. This maximum temperature 
preferably corresponds to a pressure for dry saturated 
steam which is somewhat below the minimum pressure 
pre-set on the pressure switch 18. By means of this ad 
justment possibility, it is inter alia ensured that all the 
air is removed from the autoclave when the maximum 
temperature has been reached. 
When the maximum temperature has been reached, the 

thermostat 17 controls the continued sterilization pro 
cedure. The thermostat then cuts oil the current to the 
two-way valve 6, which then closes and cuts off the water 
feeding to the heat accumulator 3, and feeds the three 
way valve 10 with current whereas the connection of the 
autoclave 1 with the conduit 13 is interrupted and the 
system is closed. Because of a certain heat radiation from 
the autoclave the temperature drops in the same and 
when the temperature has dropped to the minimum tem 
perature pre-set by means of the thermostat, the thermo 
stat 17 connects the electric current to the two-way valve 
6 which thereby is opened such that water again is passed 
to the heat accumulator 3 to be evaporated. The tem 
perature and the pressure in the autoclave are increased 
in this manner until the reaching of the maximum tem 
perature pre-set by means of the thermostat, whereupon 
the thermostat again interrupts the electric current feed 
to the two-way valve 6 which thereby is closed and thus 
the steam feeding ceases. 

The sterilization continues until a timer, not shown in 
the drawing, interrupts the electric current to the thermo 
stat 17 land the pressure switch 18, the desired steriliza 
tion time being adjusted on this timer. Thereupon the 
three-way valve 10 cuts off the connection between the 
conduit 9 and the conduit 11 and instead opens the con 
nection between the conduit 11 and the conduit 13. 
The pressure in the autoclave 1 will then quickly drop 

via the evacuation conduit 15, the branch conduit 21, the 
water container 5, the conduit 11, the three-way valve 10 
and the conduits 13, 22 and 20. The one-way valve 24 
prevents steam ‘from entering the storage tank 12. When 
pressure equilibrium has been reached, the one-way valve 
24 will automatically be opened by the pressure from the 
water column in the storage tank 12 such that water will 
stream from the storage tank 12 to the water container 
5 via the conduit 14, the conduit 13, the three-way valve 
10 and the conduit 11, whereby the air present in the 
water container 5 is pressed through the conduit branch 
21, the selector valve 19 now open, and the conduit 20 
out to the atmosphere. The water present in the conduit 
11 and the conduit 13 after the ?lling of the container 
5 will at the succeeding sterilization be pressed back to 
the storage tank 12 via the conduit 22 and the conduit 
22 and the conduit 20. The sterilization procedure may 
also 1be controlled by one or several pressure switches 
and/or thermostats. By providing one thermostat and 
two pressure switches, an advantage is realized in that 
very small pressure variations are obtainable. In this case, 
one of the pressure switches is set on the desired maximum 
pressure and the other pressure switch is set on the desired 
minimum pressure. 
As examples of pressure and temperature values used 

in the practice of the sterilization procedure, the follow 
ing values may be mentioned. The pressure switch 18 can 
be adjusted to interrupt the current circuit at a maximum 
pressure in the interior of the autoclave of 2.5 atmos 
pheres gauge and to close the current circuit again at a 
minimum pressure of 1.5 atmospheres gauge. The thermo 
stat 17 can be :provided to operate at a maximum tem 
perature of about 136° C. and a minimum temperature 
of about 132° C. in the interior of the autoclave 1. The 
temperature of 138° C. corresponds to a steam pressure 
in the autoclave of 2.5 atmospheres gauge and the tem 
perature of 132° C. corresponds to a steam pressure of 2 
atmospheres gauge in the interior of the autoclave when 
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the latter does not contain any air. A condition of dry 
saturated steam is thus maintained in the autoclave. 
When sterilizing textile products which contain air, the 

cycle described above is automatically prolonged by 
means of further pressure variations for the reason that 
the adjustment of the thermostate is retarded because of 
the small amount of air collected in the tube which con 
tains the body sensing the temperature. Consequently, the 
thermostat 17 will switch over before the pressure switch 
18 which causes a further pressure drop. This means'that 
the timer (not shown) and the selector valve are spared. 
The sterilization time is automatically prolongedin re 
relation to the quantity of air present and the number of 
pressure variations is increased which is to be considered 
as an advantage and which is desired. ' 
The sterilization of instruments, which are inserted into 

the autoclave by being placed freely on a tray, can be 
carried out after only three pressure variations, but the 
sterilization of textile products requires, as has been 
proved by experiments, about six pressure variations‘The 
whole sterilization time requires not more than about 2-4 
minutes with an autoclave according to the present in 
vention. 
The interconnection of the electric devices is not shown 

in detail in the drawing for the reason the circuit diagram 
surely is quite clear to anyone skilled in the art, and be 
cause the electric circuitry is not included within the scope 
of this invention. 
The invention is not restricted to the embodiments 

shown and described and many modi?cations could be 
carried out within the scope of the appended claims. Thus 
the conduit 9 may be excluded and furthermore the pres 
sure and/or temperature sensing means may be situated 
in other preferred positions in the system. 

I claim: 
.1. In a steam operated sterilization system having a 

circulating steam phase, the combination comprising: 
an autoclave, 
a heat accumulator for producing steam, the heat ac 

cumulator being operatively connected to communi 
cate with the interior of the autoclave, 

a water container located exteriorly of the autoclave 
‘and operatively connected to the heat accumulator, 
the water container further being operatively con 
nected to communicate with the interior of the auto 
clave, 

a two-way valve interposed between the water container 
and the heat accumulator for controlling the flow 
of water to the heat accumulator, ' 

a three-way valve interposed between the autoclave 
and the water container for selectively connecting 
the water container to the autoclave and to the at 
mosphere, 

a water storage means operatively connected to the 
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water container for automatic compensation of water 
losses after each sterilization, and 

pressure and temperature sensing means operatively 
connected to the interior of the autoclave and to 
the two-way and three-way valves for selectively 
opening and closing the two-way and three-way 
valves in response to pressure and temperature con 
ditions within the autoclave to produce repeated, 
predetermined pressure variations within the auto 
clave. 

2. A steam operated sterilization system according to 
claim 1, in which the connection between the water con 
tainer and the autoclave including the three-way valve, 
is adapted to carry water condensed in the autoclave to 
the water container, and in which the water container 
is further operatively connected to the autoclave through 
a connection for expelling air and steam from the auto 
clave. 

3. A steam operated sterilization system according to 
claim 2, in which the connection between the autoclave 
and the water container 'for expelling air and steam from 
the autoclave comprises an evacuation conduit operatively 
connected to communicate with the interior of the auto 
clave and a branch conduit extending from the evacua 
tion conduit to the water container. 

4. A steam operated sterilization system according to 
claim 2, in which the water storage means includes a 
water storage tank, and in which the connection between 
the autoclave and the water container for expelling air 
and steam from the autoclave comprises an evacuation 
conduit operatively connected to communicate with the 
interior of the autoclave and a branch conduit extending 
from the evacuation conduit to the water container, the 
evacuation conduit being in communication with the water 
storage tank through a conduit extending from the evac 
uation conduit and including a temperature-actuated se 
lector valve; the evacuation conduit being further in com 
munication with said water storage tank through a circuit 
including, in the sequence presented; the water container, 
the three-way valve and a conduit extending from the 
three-way valve to the water storage tank. 
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