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WALVES 

William C. Ludi and Eugene M. Fry, Jr., Matawan, 
N. J., assignor to Standard Oil Development 
Company, a corporation of Delaware 
Application July 24, 1941, Serial No. 403,852 

(C. 196-52) 4. Clains. 

This invention relates to automatic valve con 
trol mechanism. With a failure warning signal; re 
lates particularly to an automatic valve control 
System in petroleum Cracking apparatus; and re 
lates eSpecially to a protective relay system for 
insuring a correct Sequence and timing of the op 
eration of Valves for determining the cycle of 
proceSS Steps in the system; and delivering a Warn 
ing Signal in the event of incorrect operation. 
In many processing Systems, particularly such 

proceSS Systems as petroleum cracking apparatus, 
Series of cyclic process steps are conducted in se 
quence; these Steps being carried out successively 
at definite time intervals. This is particularly the 
case in the cracking of crude oil. In this crack 
ing process a catalyst is used Which influences the 
character of the cracking reaction, and directs the 
Cracking reaction into a form which produces a 
maximum amount of gasoline boiling range hy 
droCarbons. This Cracking operation, whether 
conducted With a fixed catalyst; or with a pow 
dered catalyst carried along with the hydrocarbon 
through the cracking coil system, requires regen 
eration of the catalyst. In Order to conduct the 
regeneration, the catalyst must be separated from 
the hydrocarbon, both the produced gasoline and 
the residual crude being either drained away from 
the catalyst or otherwise removed before the ap 
plication of the regenerating step. In the crack 
ing Operation, the Crude hydrocarbon oil is heated 
in the presence of a catalyst, which may be in 
powdered form, suspended in the hydrocarbon oil 
and carried along with the oil, or may be in the 
form of substantial aggregates Which are set in 
place in the cracking chamber. In either event, 
means must be provided for the separation of the 
catalyst and hydrocarbon, which means ordinarily 
consist of chambers and valve control members. 
Since the regeneration of the catalyst is obtained 
by oxygen containing gases, and the hot cracked 
and residual hydrocarbons are combustible with 
oxygen, it is imperative that the regeneration 
means be kept segregated from hydrocarbons in 
the Cracking coils by closed valves at all times; 
otherwise, combustion of valuable material or even 
eXplosions may OCCur. 
The present invention provides a control and 

signal system by which the various valves are Op 
erated in the proper cyclic sequence for the Sep 
aration of the powdered catalyst from the hydro 
carbon materials when a powdered circulating 
catalyst is used; for the regeneration of the cat 
alyst; and for the return of the catalyst to fresh 
cracking stock; while at the same time, the posi 
tive and complete closure or opening of all of the 
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valves is checked and verified at all times; and in 
the event that any valve fails to close or open at 
the proper time within a limited time interval 
and if operation of the valves is not complete 
within the limited time interval, a warning sig 
nal is given, and if desired, the whole sequence of 
operations is suspended. . . . . . 
The system comprises the cracking coil mem 

bers, the regeneration members, and power oper 
ated valves disposed therebetween. The valves 
are actuated by a clock or motor driven can timer 
which opens and closes circuits to the valve op 
erating motors; together with limit Switches on 
the valves, which open and close contacts at the 
valves when the valves are fully opened or fully 
closed; together with a relay system, a time de 
lay resetting relay, and an alarm system, with a 
relay for stopping the time clock if desired. 
Accordingly, the invention per se consists of a 

control relay system in a petroleum cracking and 
regenerating system in which the valves are op 
erated cyclically; by which the actuation of the 
valves at proper time intervals (within a limiting 
time interval for the actuation operation) is 
checked, and an alarm signal energized if the 
valves fail to operate in proper sequence within a 
limited time. 
Thus an object of the invention is to ensure the 

opening and closing of valves in a petroleum 
cracking system and to Warn an operator of the 
failure of valves to operate within a predeter 
mined, limited time. Other objects and details of 
the invention will be apparent from the following 
description when read in connection with the ac 
companying drawing, in which the single figure 
is a diagrammatic representation of the cracking 
system, together with the control valves and op 
erating, checking and signal circuits cooperating 
thereWith. 

Referring to the figure, the cracking coil sys 
tem indicated by the reference character is con 
nected to the regenerating system 2 through a 
group of valves 3, 3’ and 3' having valve stems 
4, 4' and 4' and valve actuating means 5, 5' and 
5'' which may be electric motors or may be pres 
sure actuated diaphragms under the control of 
solenoid operated supply and bleed valves. The 
valve motors 5, 5 and 5' are controlled and en 
ergized by circuit leads 6,6' and 6'; and 7, 7' and 
7’’ connected to contacts 8, 8' and 8'; and 9, 9 
and 9' which cooperate with contacts fi, and 
fi' which in turn are actuated by cams 2, 2’ 
and 2'. The cams 2, 2’ and 2' are mounted 
upon a shaft f4 rotated by a clock member 5. 
The clock member 5 preferably is a Synchronous 



2 
electric motor or clock operated from controlled 
frequency power-supply mains 6. The valve 
stems 4, 4' and 6' are provided With members l, 
fl' and fl' which cooperate With pairs of con 
tacts 8, 8' and 8'; and 9, 9 and 9'' which 
function as limit SWitches. One of each of the 
contact pairs f8 and 9 is connected, respectively, 
to the mains 6 and 7 through "dropping resistors' 
2 and 22. The other contacts of each of the pairs 
8 and 9 are connected together to a lead 23, 
which in turn is connected to the coil 24 of a sen 
sitive relay 25. The coil 24 is connected through 
a lead 26 to the other power supply main 6; the 
contacts if, f' and '' also being connected to 
the power supply main f6 through a lead 27. The 
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relay 25 has contact members 28, one of which is 
connected to the lead 26. The other is connected 
through a lead 29 to the coil 3 of a resetting time 
delay relay 32 having contacts 33. This relay 
may be any convenient type of time delay relay 
such as an induction disc or motor type of relay, 
or a dash pot type of relay, or a thermal time de 
lay relay or, in Some instances, may be simply a 
magnetic shielded, sluggish relay With instanta 
neous reset. 
The requirement imposed upon this relay is 

that it shall close the contacts 33 after a time 
limit slightly greater than that normally required 
to actuate tile Valve 3; Which time limit of course 
depends to some extent upon the Size of the valve 
3; and the actuating power. Obviously, a Small 
valve with an air pressure actuating diaphragm 
will close much more quickly than a large Valve 
operated by an electric motor, requiring accord 
iingly a different time delay. 
The contacts 33 are connected, one by a lead 

wire 34 to the lead wire 26 and thence to the 
main power supply line 6. The other contact 
33 of the relay 32 is connected by a lead 35 to 
an alarm signal 36, the other terminal of which 
together with the signal lead from the coil 3f 
is connected through a lead 3 to the other of the 
power Supply leads 6. If desired, a Signal lead 
38 is connected to the contacts 33 and to the coil 
39 of a relay 4, the contacts 42 of Which are 
connected in the circuit of the timer motor 5. 
A common buS bar i3 is provided, to Which a 
number of leads 23, -23' and 23' connecting a 
plurality of other contacts 8, 8' and 8' and 
9, 9' and 9' which are actuated by other valves 

3' and 3' for actuation of the relay 25, the time 
delay relay 32 and the alarm signal 36. 

In the operation of the device of this inven 
tion, the cracking coil System is placed in oper 
ation in the usual manner by being brought up 
to cracking temperature; the catalyst regenerat 
ing System likewise is prepared for operation by 
being brought up to temperature and the catalyst 
flow is started through the Cracking System. The 
catalyst accumulates in a hopper connected With 
the cracking System and, When the proper point 
in the operation is reached, the valve 3 together 
With other valves must be actuated to transfer 
the catalyst from the cracking System to the re 
generating System. This point in the cycle is in 
dicated by the position of the cam 2 on the shaft 
4 as driven by the timer motor f3. The cam 12 

shifts the contact member i? from one position 
With respect to the contactS 8 and 9 to the other 
position. With respect to the contacts 8 and 9, 
thereby transferring voltage from contact 8 to 
contact 9, thereby applying voltage to the lead 
conductor 6. Woltage upon the lead conductor 
6 actuates the valve, as for instance, to close it. 
When the voltage is applied to the lead 6, it sup 
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2,389,204 
plies power simultaneously to the contact pair 
f8 and through the contacts 8, the lead 23 and 
the bus bar 43, to the coil 24 of the Sensitive relay 
25; the circuit being completed through the lead 
26. Energization. Of the coil 24 closes the con 
tacts 28 and applies power from the lead 26 
through the contact 28 and the lead 29 to the 
coil 3i of the time delay relay 32; the circuit 
being compieted through the lead 37. Thus the 
Valve 3 starts to close and Simultaneously the 
relay 32 Starts its travel towards closed position. 
Normally, the valve 3 closes promptly and the 
member 7 opens the contact pair f3, removing 
Voltage from the iead 23 and the coil 24, thereby 
allowing the contacts 28 to open and remove 
power from the relay 32 before its travel is suffi 
Cient to close the contacts 33 and accordingly no 
alarm is given and the time delay relay 32 in 
Stantaneously resets itself. If, however, the valve 
does not close Within the time interval set by the 
relay 32, the contacts 33 are closed and the alarm 
36 energized. This alarm preferably is a loud 
aorn, but it may also be an electric signal light, 
Or may be a horn in the immediate neighborhood 
Of the control valves and a telltale signal light 
in the headquarters office. 

If the cycle is such that a delay in the closing 
of the valve 3 Will require a longer time for the 
next cycle, or Will require a shutting down of the 
plant, the timer motor driving the shaft 4 and 
Cam 2 is stopped by the relay 4 through the 
application of power to the relay coil 39 from the 
contacts 33, this power serving to actuate the re 
lay 32, open the contacts 42 and deenergize the 
timer motor 5. 

In the event that the cycle continues normally 
With the valves operating within the time limit 
Set, the Shaft 4 continues to rotate under the 
drive of the timer motor 5 until the high posi 
tion of the cam is reached. 
When this point in the cycle is reached, the 

contact f' is separated from the contact 9 and 
brought against the contact 8, thereby applying 
pOWer to the Opening motor 5, through the lead 
50 and Simultaneously applying power to the con 
tact pair f3; and through the pair 19, the lead 
23 and coil 24 of the relay 25 to actuate the relay, 
close its contacts 28 and apply power through 
the lead 29 to the coil 3 of the relay 32. If the 
Opening Operation is completed promptly, the 
contacts is are opened by the member 7 before 
the contacts 33 of relay 32 are closed and no 
alarm is given and the time delay relay 32 in 
stantaneously resets itself. Alternatively, if the 
Valve does not open promptly, the alarm is given 
as before described. 
When the next stage in the cycle is reached, 

and reversal of the position of the valves is re 
quired, the continued rotation of the cams 2, 12' 
and 2' completes circuits through the alterna 
tive leads which are analogously numbered to re 
Verse the position of the valves in the manner 
Which will be evident from the showing of cir 
cuits in the drawing. 
Thus the device of the invention controls one 

or more valves in a cyclic opening and closing op 
eration and checks and verifies operation of one 
or more valves within a predetermined timelimit; 
and if the valves are not actuated within the time 
limit, actuates a signal to notify an attendant of 
the failure, and simultaneously halts the cycle of 
Operations. At the same time there is a continu 
ous check on all valves and if any valve changes 
position other than when changed by the cam 2, 
the alarm is also operated. - 



2,389,204 
While there is above disclosed but a single em 

bodiment of the invention, it is possible to pro 
duce still other embodiments without departing 
from the in Ventive concept herein disclosed, and 
it is, therefore, desired that only such limitations 
be imposed upon the appended claims as are 
Stated therein. 
The invention claimed is: 
1. In combination, a valve having a valve stem, 

electrically operated means for moving the valve 
stem between two opposed limiting positions; one 
for closing the valve, and the other for opening 
the valve, normally closed switches at the said 
limit positions, means controlled by the valve 
stem for opening the respective limiting switches 
when the valve stem moves to the corresponding 
limiting position. Cyclically operating switching 
means for closing either one of two circuits to said 
electrically Operated means, One of said circuits 
causing the electrically operated means to move 
the Valve Stem to Valve closing position and the 
other causing the said means to move the stem to 
Valve opening position, circuit connections be 
tWeen the respective circuits and the respective 
limit SWitches Whereby when a corresponding cir 
cuit is closed by the Switching means a corre 
sponding circuit is completed through the limit 
SWitches, signaling means and a time delay relay 
controlled by each of said circuits including the 
limit SWitches for Operating the signaling means 
if the corresponding limit switch is not opened 
Within a predetermined time after the cyclically 
operated SWitching means closes the correspond 
ing circuit. 

2. The System according to claim 1, and in com 
bination therewith means for stopping the cyclic 
operation of the SWitching means When the time 
delay relay operates. 

3. In a petroleum hydrocarbon cracking Sys 
tem, a Cracking tower, a regenerating tower, and 
a plurality of connections therebetween, each of 
said connections having a Valve therein for the 
control of the flow of crackable petroleum and 
Cracking catalysts, each of said valves comprising 
in combination, a Valve having a valve stem, elec 
trically Operated means for moving the valve stem 
between two opposed limiting positions; one for 
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closing the valve, and the other for opening the 
valve, normally closed switches at the said limit 
positions, means controlled by the valve stem for 
opening the respective limiting SWitches When the 
valve stem moves to the corresponding limiting 
position, cyclically operating switching means for 
closing either one or two circuits to said electri 
cally operated means, one of said circuits causing 
the electrically operated means to move the valve 
stem to Valve closing position and the other caus 
ing the said means to move the stem to valve 
opening position, circuit connections between the 
respective circuits and the respective limit 
switches whereby when a corresponding circuit is 
closed by the switching means a corresponding 
circuit is completed through the limit switches, 
signaling means and a time delay relay controlled 
by each of said circuits including the limit 
switches for operating the signaling means if the 
corresponding limit SWitch is not Opened within a 
predetermined time after the cyclically operated 
SWitching means closes the corresponding circuit. 

4. A petroleum cracking System comprising in 
combination, a cracking tower, a catalyst regen 
erating tower, a plurality of connections there 
between for the transfer therebetween of petro 
leum material and cracking catalyst, each of said 
connections including a Valve having electrically 
operated means and control circuits therefor for 
moving the Valve between full open and full closed 
position, normally closed limit SWitches so coupled 
to said valve as to be opened thereby at the re 
spective limit positions, cyclically operating 
SWitching means in said control circuits timed ac 
cording to the cracking and regenerating cycle 
for electrically actuating said Valves between 
open and closed position; circuit connections be 
tween the control circuits and the limit SWitches, 
a time delay relay connected to said limit switches 
and said control circuits, a signaling means ac 
tuated by Said time delay relay upon failure of 
operation of Valve and limit SWitch. Within a pre 
determined time after the cyclically operating 
means closes the valve actuating circuit. 

WM. C., UDI. 
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