
May 5, 1931. R. M. HARD GROVE 1,804,336 
AUTOMATIC CONTROL SYSTEM 

Filed Dec. 10, 1927 2 Sheets-Sheet 

InVentor; 
Ralph M. Hardgo\/e, 

by 224 421-2 
His Attornel 

  



May 5, 1931. R. M. HARD GROVE 1,804,336 
AUTOMATIC CONTROL SYSTEM 

Filed Dec. 10, 1927 2. Sheets-Sheet 2 

- reyer sible motor effecting ingrease or 
decrease of combustible 
to furnace or furnaces. 

InN/entor: 
Ralph M. Hardgrowe, 

by 4-4 134 
His attorney. 

  



5 

20 

25 

3. 

35 

40 

45 

5) 

Patented May 5, 1931 

UNITED STATES 

1,804,336 

PATENT OFFICE 
RALPHIM. HARDGROVE, OF BETHLEHEM, PENINSYLVANIA, ASSIGNOR TO BAILEY METER 

COMPANY, A CORPORATION OF DELAWARE 

AUTOMATIC CONTROL, SYSTEM 

Application filed December 10, 1927. Serial No. 239,201. 

This application is a continuation in part 
of my application, Serial No. 125,556, filed 
July 28, 1926. 
The present system relates to automatic 

control systems wherein changes in the value 
of a factor which it is desired to maintain 
at a predetermined value effects adjustments 
of an operating condition or conditions ap 
purtenant to such factor in a manner to re 
store the factor to the desired value. An im 
portant application of my invention is in 
connection with the automatic control of 
combustion in boiler furnaces and it is this 
application which I have chosen to specifi 
cally illustrate and describe. It is to be un 
derstood, however, that the invention is not 
limited necessarily to such application. 

In connection with the operation of a boil 
er furnace or boiler furnaces used for gener 
ating steam, it is known to provide a control 
means responsive to an Operating condition 
of the boiler furnace or boiler furnaces, for 
example, a control means responsive to the 
steam pressure or to the steam flow, and util 
ize such control means in effecting adjust 
ment of the fuel and air to the furnace or 
furnaces so as to supply fuel and air in quan 
tities such as are required to carry the load 
on the boiler or boilers. In the operation of 
a boiler furnace or boiler furnaces, changes 
in the steam pressure from a normal Value 
may be taken as indicative of changes in the 
demand for steam, an increase in steam pres 
sure indicating a decrease in the demand for 
steam and a decrease in steam pressure indi 
cating an increase in the demand for steam, 
and it is the more usual arrangement to 
make the control means responsive to steam 
pressure. 
A control means of the type referred to 

is termed usually a master controller or a 
primary controller, and my invention re 
iates more particularly to such a control 
leS. 

In the regulation of a boiler furnace or 
boiler furnaces by a control means responsive 
to steam pressure the condition is met With 
that when a fuel and air adjustment has been 
made by the control means due to a change in 
steam pressure, a certain time elapses before 

the effect of the adjustment is registered on 
the steam pressure. As a result of this, 
the difficulty exists that in such a control 
System there is likely to occur over-regula 
tion or "hunting', which means an unsatis- 55 
factory operating condition. 
: The object of my invention is to provide 
an improved control means or master con 
troller for use in a system of the above re 
ferred to type which in a satisfactory man- 60 
ner takes care of the Operating conditions 
met with, and for a consideration of what 
I believe to be novel and my invention, at 
tention is directed to the accompanying de 
scription and the claims appended thereto. 65 

In the drawings, Fig. 1 is a perspective 
view of a somewhat diagrammatic nature 
of a control means embodying my invention; 
Fig. 2 is a detail sectional view, and Figs. 
3 to 9 are diagrammatical views illustrating 70 
the operation of the control means. 

Referring to the drawings, 1 indicates a 
frame provided with arms 2 in which is 
mounted a continuously-rotating shaft 3; also 
mounted in suitable bearings in the frame is 
a continuously-rotating shaft 4 and a contin 
uously-rotating shaft 5. Shaft 4 rotates at a 
speed slower than does shaft 5 and for con 
venience shaft 4 is referred to as the slow 
speed shaft and shaft 5 is referred to as the 80 
fast speed shaft. Shafts 3, 4 and 5 may be 
rotated by any suitable means, the only es 
sential being that they be continuously ro 
tated at the desired uniform speed. In order 
to simply the drawing a specific driving 85 
means for the shafts is not shown but instead 
legends have been applied to the drawing. 
In actual practice, the shafts may be driven 
with advantage by an electric motor, the mo 
tor being connected to shaft 3 either directly 90 
or through suitable reduction gearing and 
shaft 3 being in turn connected to shafts 4 and 
5 through suitable reduction gearing. Shaft 
3 rotates at a speed Substantially higher than 
shafts 4 and 5. The directions of rotation of 95 
the respective shafts is indicated in the draw 
ing by arrows. * . 
Mounted on slow speed shaft 4 are two cir 

cuit closers 6 and 7 which may be termel 
secondary circuit closers and mounted on 
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and 9 which may be termed primary circuit 
closers. These circuit closers are all alike. 
Their primary characteristic is that they are 
frictionally mounted on the shafts in a man 
ner such that while they tend to turn with 
the shafts, still they may be turned relatively 
to the shafts when a turning force is Supplied 
to them. Each circuit closer comprises a split 
hub 11 mounted on a sleeve or liner 11 
through which the shaft loosely extends, the 
hub being provided with a pair of depend 
ing ears 12 through which a bolt 13 extends 
and by means of which the two parts of the 
hub may be drawn together to clamp the hub 
to the sleeve. The hub is frictionally connect 
ed to the shaft by being held between a shoul 
der 14 fixed on the shaft (see Fig. 2) and a 
washer 15 which is splined on the shaft so as 
to be free to move axially thereon and which 
is pressed against the hub by a Spring 16 
located between washer 15 and a nut 17 on 
the end of the shaft. By adjusting nut 17, 
the frictional connection between the hub 
and the shaft may be given a desired value. 
Rigidly connected to hub 11 is an arm 18 
provided with an electrical contact 19 and 
pivotally mounted on the hub is an arm 20 
provided with an electrical contact 21 adapt 
ed to engage contact 19. Arm 20 is biased 
to a position wherein contact 21 is out of 
engagement with contact 19 by a spring 22, 
the movement of arm 20 being limited by a 
head 23 on the end of a bolt 24 which passes 
loosely through an opening in arm 20 and 
through spring 22 and is fixed on arma 18. 
With the foregoing arrangement, it will be 

seen that when contact arm 20 of any one of 
the circuit closers is moved toward the left 
as viewed in Fig. 1, contact 21' will first be 
brought into engagement with contact 19 
after which the circuit closer as a whole will 
be turned on its shaft against the action of 
the friction tending to cause it to rotate with 
the shaft. Primary circuit closers 8 and 9 
are provided with stops 25 which serve to 
limit the extent to which the circuit closers 
may be moved by shaft 5. Mounted in the 
path of movement of secondary circuit clos 
ers 6 and 7 are spring return devices each 
comprising a spring 26 located between an 
ear 27 on the side of frame 1 and a head 28 
on the end of a rod 29 which extends through 
an opening in ear 27. Movement of rod 29 
toward the right is limited by a pin 29°. The 
circuit closers 6 and 8 are adapted to be ac 
tuated by fingers 30 and 31 fixed on a rod 32 
mounted to slide in suitable bearing openings 
in frame 1 and the circuit closers 7 and 9 are 
adapted to be actuated by similar fingers 33 
and 34 carried by a rod 35 which slides in 
suitable bearing openings in frame 1. The 
movement of rods 32 and 35 toward the 
right, as viewed in Fig. 1, is limited by a stop 
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36 fixed on each rod and adapted to engage 
a wall of frame 1. 

Rigidly connected to the right hand end of 
rod 32 and to one end of a guide rod 37 is 
a wedge plate 38 having steps on its front 
surface as is indicated at 39, which terminate 
at the thick end of the wedge at a flat Sur 
face 39. Wedge plate 38 is pressed toward 
the right (Fig.1) by springs 40 which sur 
round rods 32 and 37, movement toward the 
right being limited by stop 36 on rod 32 and 
a similar stop 41 on rod 37. Similarly con 
nected to the right hand end of rod 35 and 
to one end of a guide rod 42 is a wedge plate 
43 having steps on its front face as is indi 
cated at 44 and a flat surface 44 at its thick 
end. It is pressed toward the right (Fig. 
1) by springs 45 which surround rods 35 and 
42, the movement toward the right being 
limited by the stop 36 on rod 35 and a simi 
lar stop 46 on rod 42. As will be seen from 
Fig. 1, and also as is clear from the diagram 
matic view, Fig. 3, wedge plates 38 and 43 
are oppositely arranged, their inclined sur 
faces crossing each other midway between 
their upper and lower ends when the wedge 

75 

80 

85 

90 

plates are in their extreme right hand posi 
tions. Y, 

When wedge plate 38 is moved toward the 
left (Fig. 1) rods 32 and 37 will be moved 
with it, the rods sliding through the bearing 
openings in the frame. Finger 30 will en 
gage arm 20 of circuit closer 6 and move it 
to bring its contact 21 into engagement with 
its contact 19 after which circuit closer 6 
will be turned as a whole on shaft 4 and in 
a counter-clockwise direction as viewed in 
Fig. 1. Also, finger 31 will engage arm 20 

95 

100 

of circuit closer 8 and move it to bring its 
contact 21 into engagement with its contact 
19 after which circuit closer 8 will be turned 
as a whole on shaft 5 and in a counter-clock 
wise direction as viewed in Fig. 1. Fingers 
33 and 34 are similarly arranged relatively 
to circuit closers 7 and 9 and operate in a simi 
lar manner when wedge plate 43 is moved to 
ward the left. 
Wedge plates 38 and 43 are moved by a 

cam 47 fixed on continuously-rotating shaft 
3, which cam operates through the inter 
mediary of a flat plate 48 and two pins 49, 
one for each wedge plate. Plate 48 is car 
ried by two guide rods 50 which slide in 
bearing openings in frame 1 and it is pressed 
toward the edge of the cam by springs 51 
which surround the guide rods. On plate 48 
is a roller 52 against which cam 47 operates. 
Cam 47 has a steep portion a followed by a 
portion b which increases slightly in height 
beginning at the point where it joints por 
tion a and finally terminates in a small pro 
jection c followed by a rapidly receding por 
tion d. The total rise in cam portion b may 
be an amount of an order equal to two steps 
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on wedges 38 and 43. With this arrange 
ment, it will be seen that when cam 47 ro 
tates and beginning with the cam in the 
position shown in Figs. 1 and 3, plate 48 is 
first pushed to the left by steep cam portion 
a after which it is moved slowly further to 
Ward the left while cam portion b passes by 
roller 52 and then finally it is given a small 
further movement toward the left by pro 
jection 6 after which it is permitted to return 
to its former position, following along cam 
portion d. When plate 48 moves toward the 
left, pins 49 are forced against wedge plates 
38 and 43 thus moving said Wedge plates to 
ward the left to effect operation of certain 
of the circuit closers, 6, 7,8 and 9 depending 
on the position of pins 49 relative to the front 
surfaces of wedges 38 and 43. 

Pins 49 are moved up and down relatively 
to the Surfaces of wedge plates 38 and 43 in 
accordance with the operating condition of 
the boiler or boilers to be controlled, and in 
this case taken to be the steam pressure. To 
this end they are shown in the present in 
stance as being fixed to the end of an arm 53 
Connected to a rotatably-mounted shaft 54 
to which is connected a known type of Bour 
don tube 55 the interior of which is con 
nected by a pipe 56 to the steam conduit 
which conveys steam from the boiler or bank 
of boilers being controlled. The arrange 
ment is such that when the stem pressure in 
creases, Bourdon tube 55 straightens some 
what thereby turning shaft 54 in a direction 
to raise pins. 49 relatively to wedge plates 
38 and 43 while when the steam pressure de 
creases, Bourdon tube 55 contracts thereby 
turning shaft 54 in a direction to lower pins 
49 relatively to wedge plates 38 and 43. The 
extreme movements of pins 49 are limited by 
Suitable stops against which arm 53 engages, 
such stops being indicated at 57 in Fig. 1. 
The Bourdon tube arrangement is shown only 
diagrammatically and it is to be understood 
that any suitable arrangement for accom 
plishing the desired result may be used. 
The arrangement is such that when the de 

sired normal steam pressure obtains, pins 49 
stand midway between the ends of the wedge 
plates as is shown in Figs. 1 and 3. 
The control means or master controller as 

illustrated in Fig. 1 may be used in con 
nection with any suitable automatic boiler 
furnace control system. For example, it 
may be used in a system such as that dis 
closed in the application of Erwin G. Bailey, 
Serial No. 749,769, filed November 13, 1924. 
When utilized in a boiler furnace control 
System the arrangement is such that the one 
pair of circuit closers, for instance, circuit 
closers 6 and 8, whenever either is closed, 
Serve to effect an adjustment or adjustments 
in a direction to decrease the rate of supply 
of a combustible or combustibles being fed 
to the furnace or furnaces, and the other pair 
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of circuit closers 7 and 9, whenever either is 
closed serve to effect an adjustment or ad 
justments in a direction to increase the rate 
of supply of combustible or combustibles be 
ing fed to the furnace or furnaces. In either 
case, the extent of the adjustments varies in 
amount directly with the length of time the 
contacts are held closed. The specific ar 
rangement used for adjusting the rate of 
Supply of a combustible or combustibles to 
the furnace or furnaces forms no part of my 
present invention. Suitable arrangements 
are now known. Accordingly, I have indi 
cated what may be taken as a suitable ar 
rangement by the reversible electric motor 
58 (Fig. 3) it being understood that when 
motor 58 operates in one direction it effects 
an adjustment or adjustments in a direction 
to decrease the rate of supply of a combustible 
or combustibles to the furnace or furnaces 
while when it operates in the other direction, 
it effects an adjustment or adjustments in 
a direction to increase the rate of supply of 
a combustible or combustibles to the furnace 
or furnaces. In this connection it is to be 
understood that by the term combustible I 
refer to fuel (such as coal, oil or the like) to 
air, or to both. As illustrated in Fig. 3 con 
nected to and driven by the motor 58 through 
the medium of gearing 101 is a damper 100 
capable of being positioned in the duct 102 
to vary the flow of a combustible therein. 
The two circuits for motor 58 are controlled 

by relays 59 and 60. When relay 59 is ener 
gized its armature 61 is moved into engage 
ment with relay contact 62 thereby connect 
ing motor 58 directly to supply lines 63 
through conductors 64 and 65 to effect opera 
tion of motor 58 in a direction to increase the 
rate of supply of combustible or combus 
tibles, and when relay 60 is energized its 
armature 66 is moved into engagement with 
relay contact 67, thereby connecting motor 
58 directly to supply lines 63 through con 
ductors 64 and 68 to effect operation of motor 
58 in a direction to decrease the rate of sup 
ply of a combustible or combustibles. The 
circuits for relays 59 and 60 are intercon 
nected so that when one relay is energized 
the circuit for the other relay is opened. The 
circuit for relay 59 may be traced as follows: 
upper supply line 63, conductor 69, either of 
the circuit closers 7 or 9 which are connected 
in parallel, conductor 70, winding of relay 
59, back contact 71 of relay 60 and conduc 
tors 72 to lower supply line 63. The circuit 
for relay 60 may be traced as follows: upper 
supply line 63, conductor 69, either of the 
circuit closers 6 or 8 which are connected in 
parallel, conductor 73, winding of relay 60, 
back contact 74 of relay 59 and conductor 72 
to lower supply line 63. It will thus be seen 
that the circuit for relay 59 includes the back 
contact 71 of relay 60 and the circuit for re 
lay 60 includes the back contact 74 of relay 

SO 

100 

105 

10 

20 

125 

30 



0. 

5 

4. 

59 so that when either relay is energized the 
circuit for the other relay is opened. This 
renders it not possible to close both motor 
circuits at the same time. 
A better understanding of the operation of 

the control device is obtained if relative nu 
merical values are considered for the speeds 
of rotation of shafts 3, 4 and 5. Accordingly, 
values which I have found to be satisfactory 
in actual use are given. It is to be under 
stood, however, that this is only by way of 
example and is not to be taken as a limitation 
of my invention. 
Shaft 3 may be revolved at a speed of the 

order of eight revolutions per minute so that 
cam 47 makes a complete revolution about 
every eight seconds. This means that dur 
ing each eight seconds plate 48 is moved by 
the cam to bring pins 49 into engagement 
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with wedges 38 and 43, forcing both wedges 
toward the left a distance depending upon 
the location of pins 49 relative to the wedges 
and moving one or more of the circuit clos 
ers 6, 7, 8 and 9 relatively to shafts 4 and 5. 
Slow speed shaft 4 may be rotated at a speed 
of the order of one revolution in four hun 
dred minutes, and fast speed shaft 5 may 
be rotated at a speed of the order of one 
revolution in one hundred thirty-five minutes. 
This means that while shaft 3 is making a 
complete revolution, shaft 4 makes about 
1/3000 of a revolution and shaft 5 makes 
about 1/1000 of a revolution. 
mum movement of circuit closers 6 and 8 
relative to shafts 4 and 5 is obtained when 
pin 49 engages the flat surface 39 of wedge 
plate 38 and the maximum movement of cir 
cuit closers 7 and 9 relative to shafts 4 and 5 
is obtained when pin 49 engages the flat sur 
face 44 of wedge plate 43. Under these 
circumstances, circuit closers 6 and 7 may be 
moved relatively to shaft 4 through a total 
angle of the order of 14° and circuit closers 
8 and 9 may be moved relatively to shaft 5 
through a total angle of the order of 7. 
Fingers 31 and 34 are arranged relatively to 
circuit closers 8 and 9 so that (starting from 
the positions shown in Fig. 3) on the first 
or initial rotation of cam 47 fingers 30 and 
33 will have moved circuit closers 6 and 7 
through an angle of about 7 before fingers 
31 and 34 begin to move circuit closers 8 and 
9. The quick return devices comprising 
Springs 26 and heads 28 are arranged so that 
they are engaged and compressed by circuit 
closers 6 and during about the last 2 of 
the movement of each circuit closer. 
When the steam pressure in the steam con 

duit or header for the boiler or bank of boil 
ers it at its normal value, pins 49 stand mid 
way between the upper and lower ends of 
wedge plates 38 and 43 as shown in Fig. 3. 
When the pressure increases it is assumed 
that the pins move upward and when the 
pressure decreases it is assumed that they 
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move downward. The maximum vertical 
movement possible for the pins is when they 
are brought into line with flat surfaces 39 

, or 44". During the operation of cam 47, pins 
49 are periodically clamped between plate 
48 and the surfaces of wedge plates 38 and 
43 and again released. When released, the 
pins are free to assume a position correspond 
ing to the steam pressure. Shaft 53 has suf 
ficient flexibility in an axial direction to per 
mit of the pins when clamped between plate 
48 and wedge plates 38 and 43, moving with 
the plate. If the steam pressure changes at 
a time when the pins are clamped between 
the plate 48 and the wedge plates, the Bour 
don tube 55 may take the distortion. 

Fig. 3 shows diagrammatically the posi 
tions of the various parts when the steam 
pressure is at normal value and before cam 
47 has made a revolution, it being assumed 
that circuit closers 8 and 9 have been brought 
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into engagement with stops 25 and that cir 
cuit closers 6 and 7 have been brought into 
engagement with fingers 30 and 33. Pins 
49 stand midway between the upper and 

* lower ends of wedge plates 38 and 43. When 
cam 47 turns in the direction indicated by 
the arrow in Fig. 3, plate 48 is moved fairly 
rapidly toward the left by cam section a first 
bringingpin 49 into engagement with wedge 
plates 38 and 43, and then effecting move 
ment of the wedge plates toward the left. 
The movement of the wedge plates toward 
the left is then continued slowly by portion 
b of cam 47 and is given a final push toward 
the left by the small projection 6 on the cam. 
Following this, the wedge plates are permit 
ted rapidly to return to their initial posi 
tions by the receding portion d of the cam. 
The arrangement is such that under these 
conditions circuit closers 6 and 7 will have 
been closed and in addition to that moved in 
a counter-clockwise direction on shaft 4 a. 
distance of about 7°. Circuit closers 8 and 
9 Will not have been affected as fingers 31 and 
84 are spaced from them a distance such 
that they will not quite have reached these 
circuit closers. The positions of the parts 
at the time projection 6 engages plate 48 is 
illustrated in Fig. 4. 
As soon as contact fingers 30 and 33 move 
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away from the circuit closers 6 and 7, the . circuit closers open immediately and begin 
to move very slowly back toward their ini 
tial positions being carried along by slow 
speed shaft 4. Before they will have moved 
far, however, cam 47 will have again oper 
ated to force wedge plates 38 and 43 toward 
the left. On this second operation of the 
can nothing will happen except that cir 
cuit closers 6 and 7 will be momentarily 
closed by the projection c and will be moved 
again relatively to shaft 4 a distance cor 
responding to that which they have been 
carried around by shaft 4 during the time 
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they have been released by fingers 30 and 33. 
In view of the fact, however, that shaft 4 
makes but about 1/3000 of a revolution 
while shaft 3 makes 1 revolution, it will be 
clear that circuit closers 6 and will have 
been carried back but a very short amount, 
and an amount about equal to that which 
they were moved initially by cam projec 
tion c. 
When the control device is in operation, 

cam 47 rotates continuously. What may be 
considered the normal positions of the cir 
cuit closers when the steam pressure is at 
normal value is substantially their positions, 
as shown in Fig. 4, circuit closers 8 and 9 
being held by their stops 25 and circuit 
closers 6 and 7 being operated on by fingers 
30 and 33 at the extreme end of their move 
ments, as described in the preceding para 
graph. 

It will thus be seen that as cam 47 con 
tinues to rotate, assuming pins 49 remain in 
the same position, cam projection c causes 
repeated substantially simultaneous closings 
of circuit closers 6 and 7 but of very short 
duration. Each time circuit closers 6 and 7 
close either relay 59 or relay 60 will be 
energized tending to operate motor 58 in 
either one direction or the other. The two 
relays are set alike and as only one can oper 
ate at a time because their circuits are in 
terconnected, it results in actual practice 
that over a period of time each is operated 
about the same number of times. The net 
effect is that the continuous simultaneous 
closing of the circuit closers 6 and 7 results 
in no appreciable adjustment of motor 58 
in either direction. 
Assume now that the system is in opera 

tion, motor 58 being connected to operate 
and representing the controlled mechanism 
and cam 47 and shafts 4 and 5 being in opera 
tion. Assume also that the steam pressure is 
at normal value so that pins 49 stand in the 
central positions shown in Fig. 4. Under 
these circumstances, as just explained, cir 
cuit closers 6 and 7 will be closed simul 
taneously at regular intervals for an instant 
but will have no appreciable effect on motor 
58. Assume now that there is an increase 
in the steam pressure which indicates a de 
crease in demand for steam and hence re 
quires that the rate of supply of combustible 
or combustibles to the furnace or furnaces 
be decreased somewhat. Increase in steam 
pressure causes pins 49, when released by 
plate 48 to be raised by Bourdon tube 55 a. 
certain distance so that when the pins are 
again moved forward by cam 47 and plate 
48, the one pin 49 will engage its wedge plate 
38 at a higher step on the stepped wedge 
surface 39 and the other pin 49 will engage 
its plate 43 at a lower step on the stepped 
wedge surface 44. This is illustrated in 
Fig. 5. 

As a result, wedge plate 38 will be moved 
in advance of wedge plate 43. Also, wedge 
plate 38 will be moved a greater distance than 
before while wedge plate 43 will be moved 
a lesser distance than before. Because of 
this, the movement of wedge plate 38 will 
be sufficient to effect the closing of both cir 
cuit closers 6 and 8 while on the other hand, 
the movement of wedge plate 43 now will not 
be sufficient to effect the closing of circuit 
closer 7 because during one revolution of cam 
47 circuit closer will not have been carried 
back by rotating shaft 4 a distance sufficient 
to make up for the lesser, amount which 
wedge plate 43 is moved. Assuming the 
pressure has changed enough to move pins 
49 several steps along the wedges as is shown 
in Fig. 5, then the circuit closers 6 and 8 will 
be eissed by cam portion a and will be held 
closed while cam portions b and c are effec- s 
tive. The closing of circuit closers 6 and 8 
closes the circuit of relay 60, effecting opera 
tion of motor 58 in a direction to decrease the 
rate of supply of combustible or combustibles 
to the furnace or furnaces. 
As soon as the portion d of cam 47 is 

reached wedge plates 38 and 43 start back 
toward their initial positions, releasing cir 
cuit closers 6 and 8. Both circuit closers 
will open immediately, thus opening the cir 
cuit on relay 60 and stopping motor 58. Also 
both circuit closers will be carried back to 
ward their former positions by the rotation 
of shafts 4 and 5, the circuit closer 8 being 
carried back more rapidly on account of the 
faster turning of shaft 5. On the next rota 
tion of cam 47 (and assuming the steam pres 
sure remains at the new value) circuit closers 
6 and 8 will be again engaged and closed, the 
circuit closer 8 being engaged first because 
it will have been moved back further by the 
rotation of its shaft 5 than Will circuit closer 
6 by the rotation of its shaft 4. The arrange 
ment is such that circuit closer 8 will have 
been carried back during the interval it is 
released an amount just slightly more than 
that which it was moved by cam portion c. 
On this next revolution of cam 47, therefore, 
circuit closer 8 will be engaged and closed by 
cam portion bjust in advance of camportion 
a and will be held closed until portion a has 
moved past it, the circuit closer being at the 
same time again turned on its shaft in a 
counter-clockwise direction. During the in 
terval circuit closer 8 is closed, which inter 
wal is of short duration, a small additional 
adjustment of motor 58 in a direction to de 
crease the rate of supply of combustible or 
combustibles to the furnace or furnaces will 
take place. If as a result of the initial ad 
iustment or the initial adjustment followed 
by one or more repeat adjustments of short 
duration the steam pressure stops increasing 
and starts to return toward normal value, 
then pins 49 will move back toward their 
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former positions and no further adjustment 
will take place in this direction. On the 
other hand, if, following the first adjustment 
referred to above, the steam pressure con 

5 tinues to rise bringing the pins 49 to a still 
higher step on wedge plate 38 and a still 
lower step on wedge plate 43 then circuit 
closers 6 and 8 will be again closed after the 
manner just described to effect a further ad 

10 justment or adjustments of motor 58. Fig. 
5 illustrates a condition of operation wherein 
pins 49 have been raised a number of steps 
by increase in steam pressure and as will be 
noted circuit closers 6 and 8 are both closed. 

15 Assume now that the pressure continues to 
rise bringing the one pin 49 into line with flat 
surface 39. Under these circumstances, the 
maximum turning movement is imparted to 
circuit closers 6 and 8, circuit closer 6 being 

20 brought into engagement with the spring 
pressed head 28 and the spring being com 
pressed during the latter part of the move 
ment, for example the last 2 degrees of move 
ment. This is illustrated in Fig. 6. 

25 As a result of this as soon as finger 30 re 
leases circuit closer 6, it is moved back by the 
spring-pressed head 28 through 2 degrees. 
Now when cam 47 makes another revolution, 
circuit closer 6 will be closed while being 

30 moved through a distance represented by 
that which it is returned by the spring device 
plus the small amount which it was carried 
back due to the rotation of shaft 4. This 
represents an appreciable time and it will 

35 effect a predetermined adjustment of motor 
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58. Thus it will be seen that when the steam 
pressure has varied a predetermined amount, 
there will be a substantial constant adjust 
ment of motor 58 for each revolution of 
cam 47. s - 
In connection with the spring pressed head 

28, the arrangement is such that it begins to 
become effective as the pin 49 reaches the step on the wedge adjacent to the flat portion 39 
and becomes fully effective as soon as the flat 
portion is reached. Thus when the pressure 
has varied a predetermined amount, the 
spring pressed head begins to be effective and 
increases in its action until when 
reaches the flat portion 39 the action be 
comes a maximum. 
Assume now that the steam pressure having 

reached a maximum value as shown in Fig. 6, 
adjustments have taken place to such an ex 
tent that the furnace has responded and the 
steam pressure begins to decrease. Assume 
also that it has decreased until pins 49 
have reached the position shown in Fig. 7, 
this being a position about the same as that 
which they occupied in Fig. 5. Now, when 
cam 47 moves forward wedge plate 38 will 
be operated a lesser amount than previously. 
As a result of this, neither circuit closer 6 nor 
circuit closer 8 will be closed because of the 
fact that they have not had time to be car 
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ried back by rotating shafts 4 and 5 an 
amount equal to the decrease in the move- . 
ments of wedge plate 38. On the other hand, 
wedge plate 43 will be moved a distance great 
er than before and a distance such that its 
finger 33 will engage and close circuit closer 
7. This is due to the fact that during the 
previous period of operation, circuit closer 7 
has been carried by its shaft back to the re 
gion in which finger 33 was previously mov 
ing. In this connection it is to be noted that 
since circuit closer 7 has no stop, it will be 
moved back continuously by shaft 4 as long 
as it is not engaged by finger 33. As a result, 
therefore, circuit closer 7 will be closed and 
effect operation of motor 58 in a direction to 
increase the rate of supply of combustible or 
combustibles to the furnace or furnaces. By 
this means, the rate of decrease of the steam 
pressure is checked, so to speak; that is to 
say, forces are put into operation tending to 
prevent the steam pressure decreasing at a 
too rapid rate. . 
This operation of the mechanism whereby 

after the steam pressure has departed from 
normal and due to adjustments which have 
been effected, the pressure is moving back to 
ward normal, adjustments in the opposite di 
rection are effected to prevent a too rapid re 
turn of the pressure toward normal, (a thing likely to result in the pressure passing be 
yond normal in the other direction) is an im 
portant feature of my invention. By it the 
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result is obtained that as the pressure re 
turns toward normal, the rate of return as 
the pressure approaches normal is gradually 
decreased so that when normal pressure is 
reached the rate of return approaches zero 
which means that the pressure will not go 
beyond or will have a tendency not to go be 
yond normal in the other direction. The cycle of operation is illustrated by the 
diagram in Fig.9 wherein the straight line 
A-B represents normal pressure and the line 
C represents a curve followed by the steam 
pressure in departing from and returning 
again to normal. Beginning at a point D 
where the steam pressure is normal and fol 
lowing line C it will be seen that the steam pressure is increasing quite rapidly. As a 
result circuit closures 6 and 8 will be actu 
ated upon successive revolutions of cam 4 
after the manner already described to effect 
successive adjustments of motor 58 in a di 
rection to decrease the rate of supply of com 
bustible or combustibles to the furnace or 
furnaces. During this period circuit closers 
7 and 9 will not be closed since circuit closer 
9 is held by its stop 25 and circuit closer 7 is 
located in a region not now reached by finger 
33 upon successive actuations of wedge plate 
43. However, circuit closer 7 will be travel 
ing back slowly toward finger 33 due to the 
rotation of shaft 4. At point Ethe steam 
pressure, due to the adjustments which have 
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been made, ceases to rise and is about to turn 
back toward normal. At this point there will 
be successive actuations of the wedge plates 
upon the same step which as already ex 
plained results in the closing of circuit closers 
6 and 8 for very short periods, the circuit 
closer 8 being closed for the longer period 
and effecting small adjustments of motor 58 
in a direction to decrease the rate of com 
bustible supply. The pressure now starts 
back toward normal and at point F for ex 
ample, the pins 49 will have lowered to a 
point on the wedge plates such that the move 
ment of wedge plate 38 is decreased to an ex 
tent that fingers 30 and 31 do not reach cir 
cuit closers 6 and 8 while the movement of 
Wedge plate 43 is increased to an extent such 
that finger 33 does reach circuit closer 7 and 
effects a long closure of it. Circuit closer 7 
is in a position to be reached by finger 33 
because during the period of increasing pres 
sure it has been traveling back continuously 
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with shaft 4. The closing of circuit closer 7 
will effect an adjustment of motor 58 in a 
direction to increase the rate of combustible 
Supply even though the steam pressure is 
still well above normal. As a result, there 
fore, there is a tendency to retard the rate 
of approach of the steam pressure toward 
normal. Retarding adjustments of motor 
58 will continue as the steam pressure con 
tinues to decrease. At point Git is assumed 
that the decrease in the steam pressure has 
been checked definitely and that it tends now 
to increase slightly as indicated at point H 
and to become stabilized at this point. This 
may have been due, for example, to a small 
change in load on the boiler or boilers caus 
ing a small change in pressure. Under these 
circumstances, circuit closer 7 will be closed 
and also the circuit closers 6 and 8. How 
ever, since circuit closer 8 is on the fast speed 
shaft 5 it will be returned further during a 
revolution of cam 47 than will either of the 
circuit closers 6 and 7. Circuit closer 8 will 
be closed first therefore, and will be the con 
trolling circuit closer out of the three. It will 
effect small adjustments of motor 58 in a 
direction to decrease the rate of supply of 
combustible thus again turning the pressure 
toward normal but at a slow rate. Beyond 
point H the pressure is indicated as ap 
proaching normal gradually and when nor 
mal pressure is reached further decrease in 
pressure may cease. However, in some in 
stances the decrease in pressure may not 
cease when normal pressure is reached and 
at point it is indicated as y passed 
slightly beyond normal. When this hap 
pens, circuit closer 9 (and also circuit closer 
7) will be closed to effect an adjustment of 
motor 58 in a direction to increase the rate 
of combustible supply and turn the pressure 
back toward normal. And if the pressure 
then moves back above normal as is indicated 
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at J, then circuit closer 8 (and also circuit 
closer 6) will be closed to effect an adjust 
ment of motor 58 in the other direction. The 
pressure then will have a tendency to hover 
back and forth around normal, finally set 
tling down at normal pressure or approxi 
mately normal pressure. 
With my construction, it is not possible for 

the steam pressure in returning toward nor 
mal value to becomestabilized at a value other 
than normal pressure value. This is illus 
trated by the operation just described in con 
nection with the points G and H on the di 
agram. When the pressure was definitely 
checked at the point on its downward jour 
ney there would be a tendency for it to become 
stabilized at this point were it not for the ar 
rangement of the circuit closers on the slow 
and fast shafts. At this time circuit closers 
6, 7 and 8 were being closed but since circuit 
closer 8 was on fast shaft 5 while circuit 
closers 6 and 7 were on the slow shaft, circuit 
closer 8 became the controlling circuit closer 
of the three and gave the control a definite 
turn toward normal value again. 
This condition of operation is illustrated 

in Fig. 8, where it will be seen that circuit 
closers 6 and 7 are both positioned so they 
are being closed by fingers 30 and 33, and 
that circuit closer 8 is also being closed by 
finger 31. On the other hand, however, cir 
cuit closer 9 is not being closed because it is 
held by its stop 25 out of range of the fin 
ger 34. 

In the foregoing description of the opera 
tion a condition of increasing steam pres 
sure was assumed. Upon decrease in steam 
pressure which indicates increase in the de 
mand for steam, the operation is similar to 
that described, except that it takes place in 
opposite directions. 
In accordance with the provisions of the 

patent statutes, I have described the princi 
ple of operation of my invention, together 
with the apparatus which I now consider to 
represent the best embodiment thereof, but 
I desire to have it understood that the ap 
paratus shown is only illustrative and that 
the invention may be carried out by other 
88.S. 
What I claim as new and desire to secure 

by Letters Patent of the United States, is:- 
1. A control system for use with heating 

apparatus having a factor appurtenant to the 
heating apparatus which, during operation 
of the apparatus, tends to vary from a prede 
termined value for maintaining said factor at 
the predetermined value, comprising means 
positioned in accordance with variations of 
said factor from the predetermined value, 
means which when operated tends to restore 
said factor to its predetermined value, and 
control means through which said first 
named means effects operation of said Second 
named means, said control means comprising 
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second-named means in each direction, means 
whereby as said factor approaches its prede 
termined value after having departed from 
such value, said mechanism will be operated 
to effect movement of said second-named 
means in a direction tending to cause de 
parture of said factor from its predetermined 
value and in amounts depending upon the 
rate at which such factor is approaching its 
predetermined value whereby as the factor 
approaches its predetermined value its rate. 
of approach will be decreased. 

2. A control system for use with heating 
apparatus having a factor appurtenant to the 
heating apparatus which, during operation 
of the apparatus, tends to vary from a prede 
termined value for maintaining said factor at 
the predetermined value, comprising means 
positioned in accordance with variations of 
said factor from the predetermined value, 
means which when operated tends to restore 
said factor to its predetermined value, con 
trol means through which said first-named 
means effects operation of said second-named 
means, said control means comprising mech 
anism for effecting movements of said second 
named means in each direction, means where 
by as said factor approaches its predeter 
mined value after having departed from such 
value, said mechanism will be operated to ef 
fect movement of said second-named means 
in a direction tending to cause departure 
of said factor from its predetermined value 
whereby as the factor approaches its prede 
termined value its rate of approach will be 
decreased, and means which serves to prevent 
said factor from becoming stabilized at a 
value other than the predetermined value. 

3. A master controller comprising contact 
means which when actuated serves to effect 
an operation in one direction, contact means 
which when actuated serves to effect an op 
eration in the other direction, means tending 
to rotate said contacts in one direction, an 
actuator for each contact which when moved 
into engagement with its contact turns said 
contact in a direction opposite to that in 
which it tends to rotate, each actuator com 
prising a wedge-shaped member, the two 
wedge-shaped members being oppositely-ar 
ranged, and means adapted to engage both 
actuators to move them simultaneously. 

4. A master controller comprising two sets 
of contacts, means tending to rotate one set 
of contacts at a given rate and in a given di 
rection, means tending to rotate the other set 
of contacts at a different rate but in the same 
direction, actuators for effecting closing of 
said sets of contacts and rotation of them in 
a direction opposite to said given direction, 
and movable means which is positioned to 
move said actuators variable distances. 

5. A control system for use with heating 
apparatus having a factor appurtenant to 
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the heating apparatus which, during opera 
tion of the apparatus, tends to vary from a 
predetermined value for maintaining said 
factor at the predetermined value, compris 
ing reversible mechanism which when oper 
ated effects changes in said factor, electric 
contact means which when actuated effects 
operation of said reversible mechanism in 
one direction, electric contact means which 
when actuated effects operation of said re 
versible mechanism in the other direction, a 
Wedge-shaped actuator for each contact 
means, said actuators being located side by 
side with the wedges oppositely disposed, 
and means for moving said wedge-shaped ac 
tuators comprising a member which is posi 
tioned in accordance with the value of said 
factor. 

6. In a boiler control system, reversible 
mechanism for regulating the supply of com 
bustible or combustibles to a boiler installa 
tion, a set of primary contacts, a set of sec 
ondary contacts, each set comprising a con 
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tact for effecting operation of the reversible 
mechanism in each direction, means which 
tends to rotate continuousuly said sets of con 
tacts but at different speeds, actuators for 
said contacts, and means responsive to an 
operative condition of the boiler installa 
tion for moving said actuators. 

7. In a boiler control system, reversible 
mechanism for regulating the supply of com 
bustible or combustibles to a boiler installa 
tion, means responsive to an operating con 
dition of the boiler installation for effecting 
operation of said mechanism to increase or 
decrease the rate of combustible supply to 
the installation, and means whereby when 
after a departure from normal operating 
condition, normal operating condition is 
again approached, said reversible mecha 
nism is operated in a direction tending to 
again effect departure from normal operat 
ing condition whereby the approach toward 
normal operating condition is retarded. 

8. In a boiler control system, reversible 
mechanism for regulating the supply of com 
bustible or combustibles to a boiler installa 
tion, means responsive to pressure of vapor 
generated in said installation for operating 
said reversible mechanism to increase the 
combustible supply upon decrease in vapor 
pressure and to decrease the combustible Sup 
ply upon increase in pressure, and means 
whereby after said mechanism has been 
operated upon a departure of the pressure 
from normal value to cause the pressure to 
return toward normal value aid mechanism 
will be operated in a direction tending to 
again cause the pressure to depart from nor 
mal value whereby the approach of the pres 
sure toward normal value will be retarded. 

9. In a control system, the combination of 
a reversible mechanism, electric contact 
means which when actuated effects move 
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ment of said mechanism in one direction 
electric contact means which when actuated 
effects movement of said mechanism in the 
other direction, means for actuating said 
contacts simultaneously comprising oppo 
sitely arranged, overlapping, wedge shaped 
members, and means for preventing said con 
tacts from being connected simultaneously 
to said reversible mechanism. 

10. In a control system, the combination 
of a reversible mechanism, electric contact 
means which when actuated effects movement 
of said mechanism in one direction, electric 
contact means which when actuated effects 
movement of said mechanism in the other 
direction, means for actuating said contacts 
simultaneously comprising oppositely ar 
ranged, overlapping, Wedge shaped members, 
and interlocking relays for preventing said 
contacts from being connected simultaneous 
ly to said reversing mechanism. 

11. In a control system, the combination 
of a reversible mechanism, electric contact 
means which when actuated effects move 
ment of said mechanism in one direction, 
electric contact means which when actuated 
effects movement of said mechanism in the 
other direction, oppositely arranged, over 
lapping, wedge shaped members which when 
moved effect closing of said electric contact 
means, means which engages both said wedge 
shaped members to move the same, said 
means being movable relatively to said mem 
bers, and a continuously rotating cam for 
imparting periodic movement of said last 
named means. 

12. In a control system, the combination 
of a reversible mechanism, a continuously 
rotating shaft, contacts mounted on said 
shaft in frictional engagement therewith 
whereby the contacts tend to turn with the 
shaft but may be moved relatively to the 
shaft, oppositely arranged, overlapping, 
wedge shaped members which when moved 
close said contacts and turn them relatively 
to the shaft and in a direction opposite to 
that in which the shaft rotates, and means 
movable relatively to the inclined surfaces 
of said wedge shaped members which en 
gages the wedge shaped members and moves 
them in a direction to close said contacts. 

13. In a control system, the combination 
of a reversible mechanism, a continuously 
rotating shaft, contacts mounted on said 
shaft in frictional engagement therewith 
whereby the contacts tend to turn with the 
shaft but may be moved relatively to the 
shaft, oppositely arranged overlapping 
wedge shaped members which when moved 
close said contacts and turn them relatively 
to the shaft and in a direction opposite to 
that in which the shaft rotates, means mov 
able relatively to the inclined surfaces of 
said wedge shaped members which engages 
the wedge shaped members and moves them 
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in a direction to close said contacts, and 
means for preventing said contacts from be 
ing connected simultaneously to said rever 
sible mechanism. 

14. In a control system, the combination 
of a reversible mechanism, electric contact 
means which when actuated effects move 
ment of said reversible mechanism in one 
direction, electric contact means which when 
actuated effects movement of said mecha 
nism in the other direction, a continuously 
rotating shaft to which said contact means 
are frictionally connected and which tends 
to turn them in one direction, a second con 
tinuously rotating shaft which turns at a 
speed different from that of the first named 
continuously rotating shaft, secondary elec 
tric contact means frictionally connected to 
said second continuously rotating shaft, said 
secondary electric contact means being con 
nected in parallel with said primary electric 
contact means, and periodically actuated 
means which tends to close said contacts and 
rotate them in a direction opposite to that 
in which the shafts tend to rotate. 

15. A control system for use with appa 
ratus having a factor which, during oper 
ation of the apparatus, tends to vary from a 
predetermined value, for maintaining said 
factor at the predetermined value, compris 
ing adjustable means which when operated 
tends to restore said factor to its predeter 
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mined value, control means for effecting 
movements of said adjustable means, means 
responsive to the rate of departure of the 
factor from the predetermined value, said 
last-named means effecting variations in the 
magnitude of said movements, and selective 
means effective as said factor approaches the 
predetermined value after having departed 
from such value for operating said control 
means to effect movement of said adjustable 
means in a direction tending to cause depar 
ture of said factor from its predetermined 
value and in amounts depending upon the 
rate at which said factor is approaching its 
predetermined value whereby as the factor 
approaches its predetermined value its rate 
of approach will be decreased. 

16. A control system for use with appara 
tus having a factor which, during operation 
of the apparatus, tends to vary from a pre 
determined value, for maintaining said fac 
tor at the predetermined value, comprising 
means positioned in accordance with varia 
tions of said factor from the predetermined 
value, adjustable means which when oper 
ated tends to restore said factor to its prede 
termined value, control means through which 
said first-named means effects operation of 
said adjustable means, said control means 
comprising mechanism for effecting move 
ments of said adjustable means in each di 
rection, means responsive to the rate of de 
parture of the factor from the predetermined 
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value, said last-named means effecting varia 
tions in the magnitude of said movements, 
and selective means effective as said factor 
approaches the predetermined value after 
having departed from such value for operat 
ing said control means to effect movement of 
said adjustable means in a direction tending 
to cause departure of said factor from its 
predetermined value and in amounts depend 
ing upon the rate at which said factor is ap 
proaching its predetermined value whereby 
as the factor approaches its predetermined 
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value its rate of approach will be decreased. 
17. A control system for use with appara 

tus having a factor which, during operation. 
of the apparatus, tends to vary from a prede 
termined value, for maintaining said factor 
at the predetermined value, comprising ad 
justable means which when operated tends to 
restore said factor to its predetermined value, 
control means for effecting movements of said 
adjustable means, means responsive to the 
rate of departure of the factor from its pre 
determined value, said last-named means ef 
fecting variations in the magnitude of said 
movements, means effective upon departure 
of said factor a predetermined amount from 
the predetermined value and limiting the 
successive movements of said adjustable 
means to a constant magnitude, and selective 
means effective as said factor approaches its 
predetermined value after having departed 
from such value for operating said control 
means to effect movement of said adjustable 
means in a direction tending to cause depar 
ture of said factor from its predetermined 
value and in amounts depending upon the 
rate at which said factor is approaching its 
predetermined value whereby as the factor 
approaches its predetermined value its rate 
of approach will be decreased. 

18. A control system for use with appara 
tus having a factor which, during operation 
of the apparatus, tends to vary from a prede 
termined value, for maintainig said factor at 
the predetermined value, comprising means 
positioned in according with variations of 
said factor from the predetermined value, ad 
justable means which when operated tends to 
restore said factor to its predetermined value, 
control means through which said first-named 
means effects operation of said adjustable 
means, said control means comprising mecha 
nism for effecting movements of said adjust 
able means in each direction, means respon 
sive to the rate of departure of the factor 
from the predetermined value, said last 
named means effecting variations in the mag 
nitude of said movements, means effective 
upon departure of said factor a predeter 
mined amount from the predetermined value. 
and limiting the successive movements of 
said adjustable means to a constant magni 
tude, and selective means effective as said factor approaches the predetermined value 
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after having departed from such value for 
operating said control means to effect move 
ment of said adjustable means in a direction 
tending to cause departure of said factor 
from its predetermined value and in 
amounts depending upon the rate at which 
said factor is approaching its predetermined 
value whereby as the factor approaches its 
predetermined value its rate of approach will 
be decreased. 
In witness whereof, I have hereunto set 

my hand this 8th day of December, 1927. 
RALPH. M. HARDGROVE. 

90 

0. 

75 

80 

85 

95 

100 

105 

10 

15 

20 

25 

30 


