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1. 
In high pressure autoclaves, external mag 

netic coils have been used to reciprocate an in 
ternal armature carrying an agitator, thereby ob 
taining positive agitation without external mov 
ing parts and eliminating the need for stuffing 
boxes. This invention is intended to insure 
proper travel of the agitator despite the varying 
egrees of resistance encountered as the viscosity 

of the agitated material changes, to adjust the 
speed with the viscosity So as to obtain the most 
eficient agitation, and to indicate when the 
agitator is operating as intended. - 

In the drawing, the single figure is a control 
diagram. 
Referring to the drawing, diagrammatically 

indicates the body of an autoclave and 2 in 
dicates the cover carrying a tube 3 of non-mag 
netic material leading to a pressure gage 4. 
Mounted on the cover and surrounding the tube 
are magnetic coils 5 and 6 which are alternately 
energized to raise and lower a magnetic ar 
mature freely slidable in the tube 3 and fixed 
to a depending rod 8 carrying cup agitators 9 ar 
ranged back-to-back. The armature is shown 
at its uppermost position when the coil 5 would 
hormally be de-energized and the coil 6 ener 
gized so as to pull the armature down Ward. The 
parts so far described are or may be of common 
construction. It will be appreciated that the ill 
lustration is diagrammatic and that no attempt 
has been made to illustrate the construction and 
fittings to withstand typical operating pressures 
varying from a vacuum up to 50,000 lbs./sq. ll. 
or more. The body and cover are shown in a 
vertical position with the armature at the top. 
The parts may be inverted or arranged at any 
intermediate inclination. 
The reciprocation of the armature is con 

trolled by two relays 0 and 24. The relay to 
has upper, middle, and lower contact arms id, 
2, 3 normally closed on contacts lia, 2d, 3d 
when the relay is de-energized and closed on 
contacts fib, 2b, 3b when the relay is ener 
ized. 
g The upper contact arm f of the relay 0 con 
trols the energization of the magnetic coils 5 
and 6. The contact arm it is connected to a 
strong negative bias f4 and the contactS. d and 
b are respectively connected to the grids of 

thyratrons 5a, 5b, and 6a, 6b, connected in 
the manner of full wave rectifiers across an al 
ternating power supply il. The thyratrons, which 
are typical of grid-controlled gaseous discharge 
devices, are adjusted to fire on the positive half 
cycle in the absence of an external bias applied 
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to the control grids. Whenever the negative bias 
from the contact arm is applied, the pair of 
thyratrons f sa, 5b or 6a, 6b, as the case may 
be, is biased off and the other pair fires. Since 
only One of the pairs of thyratrons can fire at a 
time, both pairs are connected through the same 
full wave rectifier 8a, 8b, likewise connected 
across the power supply fil. The center point of 
the full wave rectifier 8a, 8b, is connected to the 
Connon terminal 9 of the magnetic coils 5 and 
6. The midpoint of the thyratrons 15a, 50 is 
gonnected to the end terminal 20 of the magnetic 
Qil 5 and the midpoint of the thyratrons 16a, 
6b is connected to the end terminal 2 of the 
magnetic coil 6. For the position illustrated 
Where the control grids of the thyratrons 5a, 5b 
are negatively biased, the magnetic coil 6 is en 
ergized by a full wave rectified current alternately 
through thyratron 6a and rectifier 8b and 
through thyratron 8b and rectifier 8a. When 
the contact arm closes on contact b, the 
thyratrons 16a, f 6b, which feed the magnetic 
coil 6, are biased off and the magnetic coil 5 is 
fed with a full wave rectified current through the thyratrons 5a, 5b. 
The middle contact arm 2 of the relay O is 

connected through a resistance 22 and normally 
open contacts 23 of a relay 24 to the grid 25 of 
a discharge device 26 in series with the lagletic 
coil of the relay O. Whenever the contacts 23 
of the relay 24 close, a biasing condenser 27 is 
charged through a resistance 28 either positively 
or negatively depending upon whether the con 
tact arm 2 is closed on the contact 2a (positive) 
or 2b (negative). For the position illustrated 
Where the relay O is de-energized the biasing 
condenser 27 retains a negative charge sufficient 
to hold the discharge device 26 off. As soon as 
the contacts 23 of the relay 24 close, the biasing 
condenser 27 is almost immediately charged pos 
itively from the biasing voltage connected to the 
contact 2a and the positive bias on the control 
grids 25 of the discharge device 26 causes the 
tube to fire and energize the relay O. This im 

ediately shifts the position of the contact arms 
, 2, and 3 from the upper or de-energized 

position to the lower or energized position. As 
will hereinafter be described, the contacts 23, 
when the relay 24 is properly adjusted, only close 
momentarily and are not controlled by the relay 

so that the movement of the contact arm 2 from the upper to the lower position as de 
Scribed above does not re-charge the biasing con 
censel 2 negatively when the contact arm closes 
On the contacts 2b. The negative charging of 
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the biasing condenser 2 does not take place until 
Sometime later when the contactS 23 are reclosed 
InOrientarily. 
The lower contact arm 3 of the relay fo is al 

ways connected to the magnetic coil 5 or 6 which 
is de-energized. In the position illustrated, where 
the magnetic coil 6 is energized and the magnetic 
coil 5 is de-energized, the contact arm 3 is con 
nected to the contact 3a, which is connected to 
the terminal 20 of the magnetic coil 5. When the 
contact arms , f2, and 3 of the relay 0 are 
moved to the lowered or energized position, then 
the contact arm 3 is connected through the con 
tact. 3b to the terminal 2 of the magnetic coil 
6, the de-energized coil. Although only one of the 
magnetic coils 5, 6 is energized, there is a double 
frequency (ripple frequency) voltage in the de 
energized coil due to the magnetic coupling be 
tween the coils provided by the magnetic armature 
7. This magnetic coupling is a maximum when one 
of the coils is first energized and gradually de 
creases as the armature 7 moves out of the de-en 
ergized coil and into the energized coil. This 
double frequency voltage becomes a minimum at 
the extreme end of the stroke of the armature T : 
when the armature is almost wholly within the 
energized coil and the magnetic coupling to the 
de-energized coil is a minimum. The double fre 
quency voltage coupled into the de-energized 
magnetic coil is used to control the firing of a gas 
eous discharge device 29 in series with the coil of 
relay 24. The device 29 has a grid 30 adjustably 
biased through a potentiometer 3 connected to 
the negative bias supply 4. The adjustment of 
the potentiometer 3 is such that in the absence ; 
of any additional negative bias on the grid 30 the 
device 29 fires on each positive half cycle. In Or 
der to prevent the firing of the device 29 until the 
armature I reaches the end of the desired stroke, 
the double frequency voltage coupled into the de 
energized coil 5 or 6, as the case may be, is recti 
fied to produce an added negative bias on the grid 
3. As the voltage coupled into the de-ener 
gized coil decreases, the magnitude of the added 
negative bias on the grid 3 decreases and finally 
at the extreme end of the stroke of the armature 
the combined bias on the grid. 30 from the po 

tentiometer 3 and from the rectified double fre 
quency voltage in the de-energized coil becomeS 
low enough so that the device 29 fires and ener 
gizes the relay 24 to close the contacts 23. The 
closure of the contacts 23 changes the bias on the 
device 26 in series with the relay C. So as to cause 
the relay 0 to change its position. Changing the 
position of the relay to switches the contact arm 
3 to the opposite position so that the double fre 
quency voltage appearing in the contact arm 3 
comes from the other of the magnetic coils 5 and 
6. In other words, the firing of the device 29 Oc 
curs when the armature 7 is almost out of the de 
energized magnetic coil 5 or 6 and accordingly al 
most wholly within the coil next to be de-ener 
gized. When the firing of the device 29 causes 
the momentary closure of the contacts 23 and the 
switching of the contact arm to energize the 
previously de-energized coil, the simultaneous 
switching of the contact arm 3 is to the pre 
viously energized coil in which the armature is in 
the position of maximum coupling So as to pro 
duce the maximum of negative bias on the grid 30 
and insure against any more than momentary fir 
ing of the device 29 with the resultant momen 
tary closure of the contacts 23. The transient ap 
pearing at the contact arm 3 is also in the di 

4) 

50 

55 

60 

65 

70 

5 

4. 
rection to produce an additional negative bias on 
the grid 30. 
The specific arrangement for rectifying the 

double frequency Voltage appearing in the de-en 
ergized magnetic coil 5 or 6, as the case may be, 
comprises a condenser 32 connected to the con 
tact arm 3 in a voltage doubler circuit compris 
ing rectifiers 33 and 34. The double frequency 
Voltage rectified and doubled appears acroSS a 
condense 35 shunted by a resistor 36 and Con 
nected to the grid 30 through a resistance 37. 
When the parts are in the position illustrated 
where the magnetic coil 6 is energized and the 
magnetic coil 5 is de-energized, the double fre 
quency voltage appearing in the magnetic coil 5 
is at a maximum and accordingly the negative 
bias appearing on the grid 3 of the discharge de 
vice 29 is at a maximum. As the armature T is 
drawn downward into the coil 6 and accordingly 
out of the coil 5, the double frequency in the coil 
5 decreases and the combined negative bias on the 
grid 30 due to the potentiometer 3 and to the 
rectified double frequency voltage decreases until 
it reaches the firing value for the device 29. This 
can be adjusted so that the device. 29 fires When 
the armature is at the opposite end of its travel, 
or in other words almost wholly within the mag 
netic coil 6 and only partially within the magnetic 
coil 5. Since the double frequency voltage in the 
magnetic coil 5 is now at a minimum, this double 
frequency Voltage when fed through the contact 
3a, and the contact arm 3 of the relay fresults 

in a bias on the device 29 Which causes the device 
to fire and energize the relay 24 to momentarily 
close the contacts 23. The momentary closure of 
the contacts 23 places a positive bias on the grid 
25 of the device 26 through the contact arm 2 
and contact. 2d. This causes the device 26 to fire 
energizing the relay 0 and shifting the contact 
arms fi, t2, and 3 from the position illustrated 
to the lowered position in which the arms close 
respectively on contacts a, 2b, and 3b. The 
closing of the contact arm on the contact b 
places a negative bias on the grids of the devices 
6a and 6b feeding the magnetic coil 6 and re 
moves the negative bias from the grids of the de 
vices 5a, 5b feeding the magnetic coil 5 so that 
the magnetic coil 6 is de-energized and the mag 
netic coil 5 is energized So as to raise the armature 
from its lowered toward its uppermost position. 

The closing of the contact arm 3 on the contact 
3b Connects the Voltage in the magnetic coil 6 
through the Voltage doubler 32, 33, 34 to the bias 
ing Condenser 35. Since at this time, the arma 
ture 7 is at its lowermost position and the coil 5 
is energized While the coil 6 is de-energized, the 
double frequency voltage appearing in the mag 
netic coil 6 is at a maximum and accordingly the 
negative bias on the device 29 is at its maximum. 
This bias is always sufficient to hold the device 
off so that the relay 24 is de-energized. The clos 
ing of the contact arm 2 on the contact 2b con 
-nects the contact arm 2 to the Source of nega 
tive bias 4 so that the next time the contacts 23 
nomentarily close the bias on the condenser Will 
become negative. In other Words, the next time 
the contacts 23 close, the device 26 will be biased 
off and the relay 0 de-energized so as to return 
the contact arms , 2, and 3 to the uppermost 
position where the arms close on contacts a, 
2a, and 3a. 
The control circuit insures complete travel of 

the armature. 7 with the resultant complete agi 
tation of the charge in the body of the auto 
Clave by the agitator 9. The full stroke or corn 
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plete travel of the agitator results from the fact 
that the travel is controlled by the double fre 
guency voltage coupled into the de-energized coil. 
This double frequency voltage is a maximum at 
the start of a stroke and becomes a minimum at 
the end of the stroke. When the double fre 
quency voltage becomes a minimum, the ener 
gization of the magnetic coils is reversed start 
ing the reverse stroke. With this control, it is 
the length of the stroke which is controlled and 
not the timing of the stroke. This insures full 
stroke agitation independent of the changes in 
the viscosity of the charge. 

Since these autoclaves are frequently used be 
hind barriers due to the high operating pres 
sures, it is desirable that remete indication of 
the agitation be provided. This is a complished 
by signal lights 38 and 39 respectively connected 
across the coils 5 and 6 so as to be energized with 
the oils. When the agitator is operating, the 
lights 38 and 39 alternately light at a frequency 
determined by the speed of reciprocation. If the 
agitator should stop, one of the lights Will re 
main lighted continuously. 
From one aspect, the control operates from the 

mutual inductance effect between the coils 5 and 
6 and switches the power supply from one to the 
other when the mutual inductance of the de-en 
ergized coil is at or below a minimum which OC 
curs only at the ends of the stroke. This makes 
the control truly dependent upon the stroke of 
the agitator. 

It has been found from tests run with variable 
speed variable stroke agitators that for any vis 
cosity there is one speed and stroke at which the 
agitation is most efficient. The body is ordi 
narily charged to 60% capacity or less and the 
most efficient agitation is obtained When the agi 
tator moves at a speed slow enough. So there is 
no cavitation on the downstream side of the agi 
tator and the agitator on its upstroke reverses 
immediately after breaking the Surface of the 
liquid and on the downstroke immediately upon 
reaching the bottom. These conditions are real 
ized with the control of the present application. 
The agitator is set to travel through a fixed stroke 
which insures reversal when the agitator Sur 
faces on the upstroke and bottoms on the down 
stroke. The power input or thrust insures against 
cavitation on the downstream side of the agita 
tor. The result is an accommodation of the 
speed of reciprocation to the material So that as 
the viscosity changes, the agitator speed varies 
and the agitation is at all times at the most ef 
ficient point. This is an unexpected advantage 
which would not be obtained by a fixed speed 
commutator control switching back and forth 
from one to the other magnetic coils 5, 6. Nor, 
would the advantages be obtained by a fixed 
speed mechanical drive. Either of these fixed 
speed arrangements would produce most efficient 
agitation at only one viscosity and would not 
automatically adjust to variations in the viscosity 
as does the present control. 
What is claimed as new is: 
1. In a magnetic actuator having a pair of 

magnetic coils and a cooperating armature al 
ternately drawn into one and then the other 
of the coils, a rectifier power supply, means for 
sequentially switching the power supply to one 
and then the other of the coils, and a control 
for the switching means comprising means con 
trolled by the amount of ripple frequency mag 
netic flux coupled into the de-energized coil as 
the position of the armature varies for switching 
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the power supply from the previously energized 
coil to the previously de-energized coil. 

2. In a magnetic actuator having a pair of 
magnetic coils coupled through an armature al 
ternately drawn into the energized coil and cut 
of the de-energized coil, a full wave rectifier 
power Supply, means for sequentially Switching 
the power Supply to one and the to the other of 
the coils, and means responsive to the magnitude 
of the double frequency magnetic field coupled 
into the de-energized coil for indicating the with 
drawal of the airmature from the de-energized 
coil. 

3. In a magnetic actuator having a pair of 
laagnetic coils coupled through an armature al 
ternately drawn into the energized coil and out of 
the de-energized coil, a full wave rectifier power 
Supply, a relay for sequentially switching the 
pGWe Supply to one and then to the other of the 
coils, contacts actuated with the relay to con 
nect With the de-energized coil, a rectifier con 
nected to the contacts for rectifying the double 
frequei1cy Voitage coupled into the de-energized 
coil, a grid-controlled discharge device biased off 
by the rectified double frequency voltage and fir 
ing When the double frequency voltage drops be 
low a pre-Selected minimum, and a control circuit 
utilizing the firing of the discharge device to 
actuate the relay to de-energize the previously 
energized coil and to energize the previously de 
energized coil. 

4. In a pressure or vacuum vessel of the type 
having a body, a non-magnetic tube leading from 
the body and forming part of the envelope of 
the vessel, a reciprocable armature in the tube 
and eXposed to the atmosphere within the vessel 
carrying an agitator reciprocable in the body, and 
a pair of alternately energized magnetic coils 
OutSide and Surrounding the tube and cooperat 
ing With the armature through the Walls of the 
tube to reciprocate the agitator, the combination 
of rectifier power Supply, a relay for sequentially 
Switching the power supply to one and then the 
other of the coils, and means controlled by the 
amount of ripple frequency magnetic flux coupled 
into the de-energized coil for actuating the relay 
to Switch the power supply from the previously 
energized coil to the previously de-energized coil. 

5. In a pressure or vacuum vessel of the type 
having a body, a non-magnetic tube leading from 
the body and forming part of the envelope of the 
vessel, a reciprocable armature in the tube and 
exposed to the atmosphere within the vessel 
carrying an agitator reciprocable in the body, 
and a pair of alternately energized magnetic 
coils outside and surrounding the tube and co 
operating with the armature through the walls 
of the tube to reciprocate the agitator, the com 
bination of a full wave rectifier power supply, 
means for Sequentially switching the power sup 
ply to one and then to the other of the coils, and 
means responsive to the magnitude of the double 
frequency magnetic field coupled into the de 
energized coil for indicating the position of the 
arnature relative to the de-energized coil. 

6. In a pressure or vacuum vessel of the type 
having a body, a non-magnetic tube leading from 
the body and forming part of the envelope of the 
vessel, a reciprocable armature in the tube and 
exposed to the atmosphere within the vessel 
Carrying an agitator reciprocable in the body, and 
a pair of alternately energized magnetic coils out 
Side and Surrounding the tube and cooperating 
with the armature through the walls of the tube 
to reciprocate the agitator, the combination of a 
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full wave rectifier power supply, a relay for 
sequentially switching the power supply to one 
and then to the other of the coils, contacts actu 
ated with the relay to connect with the de-ener 
gized coil, a rectifier connected to the contacts 
for rectifying the double frequency voltage 
coupled into the de-energized coil, a grid-con 
trolled discharge device biased off by the rectified 
double frequency voltage and firing when the 
double frequency voltage drops below a pre-se 
lected minimum, and a control circuit utilizing 
the firing of the discharge device to actuate the 
relay to de-energize the previously energized coil 
and to energize the previously de-energized coil. 

'7. In a pressure or vacuum vessel of the type 
having a body, a non-magnetic tube leading from 
the body and forming part of the envelope of the 
vessel, a reciprocable armature in the tube and 
exposed to the atmosphere within the vessel 

is 
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carrying an agitator reciprocable in the body, and 20 
a pair of alternately energized magnetic coils 
outside and surrounding the tube and cooperat 
ing with the armature through the walls of the 
tube to reciprocate the agitator, the combination 
of a full wave rectifier power supply, a relay hav 
ing contacts for sequentially switching the power 
supply to one and then to the other of the coils, 
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8 
other contacts connecting to the de-energized 
coil, and third contacts sequentially connecting 
to a source of positive and negative bias in the 
sense required for the next actuation of the relay, 
a grid-controlled discharge device controlling 
the relay, another grid-controlled discharge de 
vice controlling normally open contacts in circuit 
with the control grid of the first device and the 
third contacts of the relay, and means biasing 
the grid of the second device from the double 
frequency voltage in the de-energized coil where 
by the second device causes closing of the nor 
mally open contacts when the double frequency 
voltage in the de-energized coil drops to a mini 
nun value. 

ALLEN R. DAVIDSON. 
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