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This invention relates to apparatus for main-
taining a condition of substantially constant
value.

An object of the invention is to provide a sim-
plified control apparatus of the aforementioned
character. .

Another object is to provide novel means for
effecting adjustment of the rate of supply of a
medium which provides the condition the value
of which is controlled.

Another object is to provide novel means for
controlling the direction of change in the rate
of supply of the medium which supports said
condition.

Another object is to provide for use of a ring-
type liquid drag in apparatus of the aforemen-
tioned character.

Another object is to provide apparatus of the
aforementioned character including a plurality

of power-driven cams for electric circuit control; :

the operating means for one of said cams includ-
ing a set of planetary gearing, and the gperation
of said gearing being subject to modification by
the action of said liquid drag.

Another and more specific object of the inven-
tion is to provide novel apparatus for proportion-
ing and mixing flowing combustible gases where-
by the total heating value per unit volume of the
mixture thereof is maintained substantially con-
stant.

Other objects and advantages of the invention
will hereinafter appear.

The accompanying drawings illustrate certain
embodiments of the inventionn which will now be
described, it being understood that the embodi-
ments illustrated are susceptible of modification
in respect of certain structural details thereof
within the scope of the appended claims.

In the drawings, Figure 1 illustrates sche-
matically and diagrammatically a gas mixing
control system having my improved control ele-
ments embodied therein; said control system be-
ing adapted to maintain substantially constant
the total heating value per unit volume of the
combustible gaseous mixture provided thereby.

Fig. 2 is a view, partly in vertical section and
partly in elevation, of certain of the control ele-
ments shown in Fig. 1.

Fig. 3 is a vertical sectional view of the ring-
type liquid drag device shown in Figs. 1 and 2.

Fig. 4 is a fragmentary perspective view of a
modified form of certain of the elements shown in
Fig. 1.

Fig. b is a side elevational view of one of the
cam members shown in Fig, 1.
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Fig. 6 is a similar view of the other cam mem-
ber shown in Fig. 1, and

Pigs. 7 to 11, inclusive, are graphs illustrating
the cyclic movements of the contacts controlled
by the respective cam members and showing the
size of the arc gap provided therebetween under
different conditions, and the manner in which
the duration of engagement of the contacts is
modified in each of the devices of Figs. 1 and 4,

it respectively.

Referring to Figs. 1 to 3, the numeral 18 desig-
nates a conduit through which a combustible
gaseous fiuid of relatively high quality or total
heating value per unit volume is adapted to fiow.
It may be assumed that the gasecus fluid fowing
in conduit 18 is subject to relatively wide varia-
tions both in its volumetric rate of flow and in
the quality or total heating value per unit volume
thereof. The numeral {1 designates a conduit
through which air or other combustible gaseous
fluid of relatively low quality or total heating
value per unit volume is adapted to flow. The
fluids flowing in conduits 10 and il are adapted
to be combined within the relatively larger con-
duit 12 to provide a flowing combustible gaseous
mixture; the total heating value per unit volume
of which mixture it is desired to maintain sub-
stantially constant. )

It is therefore necessary to provide some means
for automatically controlling the rate of flow of
fluid through one or the other of the conduits
10 and I{ in order that the quality or total heat-
ing value per unit volume of the gaseous mixture
flowing in conduit 12 shall be maintained sub-
stantially constant. For this purpcse I have
shown a valve I3 of suitable form within conduit
{1; said valve being movable toward its fully
open or its closed position to control the volu-
metric rate of flow of fluid through conduit {4.
It will be apparent to those skilled in the art, that,
if desired, the valve 13 might be located within
the conduit 19 (to control the volumetric rate of
flow of the gaseous fluid of relatively high qual-
ity or total heating value per unit volume) in-
stead of the arrangement illustrated.

Operation of valve i3 in one direction or the
other selectively is subject to selective energiza-
tion of the respective windings of a split-field re-
versible motor 14. Such energization of motor
{4 is subject to control by the means hereinafter
described.

In accordance with well known practice, a con-
tinuous and volumetrically constant sample of
the combustible gaseous mixture in conduit 12
is conducted through pipe 15 to a suitable calori-
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metric device {8 which is adapted to continuously
ascertain the total heating value per unit volume
of such mixture. Calorimeter 18 may be of the
character disclosed in Patent No. 1,625,271,
granted April 19, 1927, to Horace N. Packard. A
calorimeter of the gemeral character shown in
said Patent No. 1,625,277 is likewise illustrated
at the left-hand side of Fig. 2 of my prior Pat-
ent No. 2,002,279, granted May 21, 1935; said
calorimeter in Patent No. 2,002,279 being desig-
nated by the numeral §20. It is to ke understood
that the calorimeter {6 shown diagrammatically
in Fig. 1 hereof is provided with means, including
a galvanometer needle such as shown at 1372 in
Fig. 3 of said Patent No. 2,002,279, which is oper-
able in a direction and to a degree corresponding
to the direction and degree of departure of the
total heating value per unit volume of the gaseous
mixture from the value preselected therefor.
Calorimeter {8 also has means associated with
said galvanometer needle (not shown) to pro-
vide for power operation of an indicating ele-
ment, which is designated in Fig. 1 hereof by the
numeral 17. Said power-operated means is of
the character shown in Fig. 3 of Patent No.
2,002,279; the same being of the general char-
acter shown in Leeds Patent No. 965,824, granted
July 28, 1910, and in Leeds Patent No. 1,125,699,
granted January 19, 1915, Thus said power-op-
erated means is adapted to effect operation of a
rod or shaft {8, in Fig. 1 hereof, in a direction
and to a degree corresponding to the direction
and degree of deflection of the galvanometer
needle.

The indicating element or arm {7 is rigidly
attached to shaft {8 adjacent the forward end
of the latter, and at a predetermined rotary
angle with respect thereto, as by means of a
set screw 9 or the like. A suitably calibrated
scale 20 is adapted to be mounted in a fixed posi-
tion with respect to the indicating arm 41, where-
by the latter is adapted to indicate the instan-
taneous direction and degree of departure of the
total heating value per unit volume of the gase-
ous mixture from the value preselected there-
for.

Thus in Fig. 1 the shaft {8 and arm {7 are
shown in their intermediate or neutral positions
(as indicated by the radial alinement of arm ]
with the point designated 2! on scale 28; which
point may have the proper or desired legend,
such as a given predetermined total heating value,
associated therewith) to indicate attainment or
maintenance of the desired total heating value
per unit volume of said mixture.

Also rigidly attached to shaft i8, as by means
of a set screw 22, is an arm 23, Arm 23 is pref-
erably arranged for positioning thereof in a ver-
tical plane with respect to the axial center of
shaft 18 in the neutral position of the latter,
as illustrated. Mounted upon and rotatable with
respect to shaft 18 is a toroid or ring-type lid-
uid drag member designated in general by the
pumeral 24. As shown in Figs. 1 to 3, member

24 comprises an endless hollow or tubular ring.

or annulus 25, which is provided at a given point
thereof with a fixed plate 26 (Figs. 2 and 3)
having an opening or orifice 27 of predetermined
size formed therein. Member 25 has a pair of
projections or studs 28 and 28 rigidly attached
to the exterior thereof and symmetrically posi-
tioned with respect to plate 28, whereby in the
absence of liquid within member 28 the latter
will be balanced with respect to shaft 18. A
pair of like coiled tension springs 30 and 3{ each
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4
have one end attached to arm 23, and said springs
have their opposite ends attached to the rods 28
and 29, respectively; whereby member 25 is biased
to the intermediate or neutral position thereof
with respect to arm 28 as illustrated in the neu-
tral position of shaft {8.

As shown in Fig. 3 member 25 is preferably half-
filled with a suitable liguid, such as mercury, des-
ignated by the numeral 32; the orifice plate 2§
being gradually movable (along with member 25)
through the hody of ligquid $2 in one direction
or the other {o a given degree from the neutral
position thereof best illustrated in Fig. 3 upon
prior rotary movement of shaft i in a corre-
sponding direction and to such given degree, as
hereinafter set forth.

As shown in Fig. 2 the hub portion 33 of mem-~
ber 28 has a bore of greater diameter than shaft
18, and said hub is provided at its opposite ends

v with peripheral grooves forming races for sets

of ball-bearings 24 and 35. The ball-bearings
24 are rebained within their race by a member
36 which is rigidly secured to shaft 8, as by
means of a set-serew 37; and the ball-bearings
25 are rebained within their race by one end of
the hub portion 38 of an arm member 38; said
hub portion 88 being rigidly secured to shaft 18,
as by means of a set-screw £0.

Arm rember 38 preferably extends upwardly
in a vertical plane with respect to the axis of
shaft 18 in the neutral position of the latter; and
said member is provided with an integral hollow
bearing portion 4{ which extends in a direction
parallel to the axis of shaft 8. A shaft 42 is
rotatably mounted within bearing portion ai;
the forward end of shaft 42 having a relatively
small spur gear 43 rigidly and non-rotatably at-
tached thereto in any suitable manner (Figs. 1
and 2), and the rearward end of shait 42 hav-
ing a relatively larger spur gear 44 rigidly and
non-rotatably attached thereto in a similar man-
ner.

Rigidly secured to the rear face of member
95 in any suitable manner (as by spot-welding
or riveting) is a gear segment £5, which is ar-
ranged concentrically with respect to the axis
of shaft 18, and the testh of which gear seg-
ment preferably extend radially a slight distance
beyond the periphery of member 25. Gear 43 is
arranged to mesh at all times with segment 45.
Gear 88 is arranged below and adapted to mesh
at all times with a concave gear segment 48, which
is riveted or otherwise rigidly attached to the
angularly offset upper ends (see 47, Fig. 2) of
the pair of opposed arms £8 and 49 of a Y-shaped
integral upward extension 58 of a member the
hub portion of which is designated by the nu-
meral 5i. Said hub portion §{ is provided with
an opening of larger diameter than shaft {8, and
the former is provided at its opposite ends with
grooves or races to accommodate sets of ball-
bearings 52 and 53; ball bearings 82 being re-
tained within their race by the adjacent end of
hub portion 38; and ball bearings 53 being re-
tained within their race by a member 54 which is
rigidly secured te shaft {8, as by means of a
set-screw BB5.

Preferably formed integrally with and extend-
ing downwardly from hub portion 5f is an in-
verted substantially T-shaped element §§, the op-
positely extending arms 87 and 83 of which have
their lower edges arranged in the form of a rela-
tively large arc concentric to the axis of shaft
18. The adjacent portions of the lower edges of
arms 57 and 58 are. curved upwardly toward each
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other to provide the downwardly facing concave
cam surface 53 (Fig, 1) which is adapted for co-
operation with a roller or wheel €9 rotatably sup-
ported at the free end of the relatively long arm
61 of a substantially L-shaped lever which is sup-
vorted by buf freely rotatable with respect to the
outer end of a shaft $2. Shaft §2 is driven,
through suitable speed-reducing gearing 63, by
an electric motor 64.

The relatively short arm 65 (Fig. 1) of said L-
shaped lever is formed as shown at 88 to provide
a bearing for a relatively small spur gear 67.
Gear €7 is normally driven by a spur gear 62, of
the same size as gear 87, the integral hub 89 of
gear 63 bsing rigidly secured to shaft 62 for ro-
tation thereby, as by means of a set-screw I9:
and gear §1 meshes with a relatively large inter-
nally-toothed gear 7i to provide for driving of
the latter at g predetermined speed which is sub-
stantially slower than the speed of rotation of
shaft 62. In the particular form of the inven-
tion herein iliusirated it may be assumed that
gear Ti is provided with three times as many
teeth as each of gears 87 and 68, wherefore gear
11 and cam 78 complete one rotation during each
three compicte rotations of shaft 62 and cam T7.
Gear 11 has formed integrally therewith a disk
portion 72 and a relatively long hub portion 18,
the hore of which is of a size to permit rotation
of shaft 62 with respect thereto while providing
3 proper bearing for gear T{. A bushing 73 may
be attached to the forward end portion of shaft
82, as by means of a set-screw 15, to restrain
lever 6! against displacement forwardly of said
shaft; and a bushing (not shown) similar to that
shown at 74 may be attached to shaft 82 at the
rear end of hub portion 78 to retain gear 71 in
properly assembled position. '

Hub portion 73 has attached thereto a cam
member 13 which is preferably shaped as illus-
trated. Although I have herein shown cam 18
formed integrally with hub 73, it will be under-
stood by those skilled in the art that such cam
may comprise an element formed separately from
hub 73 and provided with means for removably
and adjustably securing the same to said hub.
Cam 16 is adapted to control the position of a
downwardly spring-hiased contact member 78,

Thus as shown there is asscciated with cam 76
a rod or plunger 83, having at its lower end the
block or foot portion 81 which is adapted o bear
at all times against the surfacs of said cam. Rod
85 is supported and guided fer reciprocating
movement thereof by a pair of perforated fixed
bracket arms, fragments of which are shown at 82
and 83. Contact 78 is rigidly secured to the
upper end of rod 89, as shown; a coiled compres-
sion spring 84 being interpssed hetween the lower
surface of hracket arm 83 and the ubper surface
of g nut or other shouldered member 85 adjust-
ably positioned upon said red through the medi-
um of the threaded portion 85 on the latter.
Suitable means (not shown) may be provided for
locking nut 8% in its adjusted position. As best
iNustrated in Fig, 5, the surface of cam 76 is in
the form of thes segment of a circle threughout
two-thirds of its periphery, and in the form of
a true spiral throughout the remaining one-third
of its periphery or angle of travel; the high and
low porticns of said cam being separated by a
radially extending shoulder 762 relatively to
which the block 81 is adapted to move with a snap
action in a given rctary position of cam 78.

A cam 11 (veversely arranged with respect to
cam 78) is rigidly secured to shaft 82 for rotation
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therewith and the same has associated therewith
a rod 87 having a block 88 at the lower end there-
of which is adapted to continuously bear against
the surface of said cam 77. As will be noted the
surface of cam 17 is in the form of a true spiral
throughout its periphery; the high ang low por-
tions of which are separated by a radially extend-
ing shoulder 172 relatively to which the block 88
is adapted to move with a snap action in a given
rotary position of cam 77. Rod 87 is supported
and guided by bracket arms 8% and 88; a spring
8! being interposed between bracket §8 and an
adjustable nut 82, in the manner aforedescribed,
to provide for snap movement of contact 79
downwardly when block 88 moves relatively to
radial shoulder 77# of said cam in a given rotary
position of the latter. Contact 79 is adapted to
overlie contact 18 as shown; and the arrangement
is preferably such that both engagement and dis-
engagement of contacts 78 and 79 is effected with
a snap action,

It is to be understood that motor 84 is pro-
vided with electrical connections (not shown) to -
effect operation thereof at a predetermined con-
stant speed. For instance, motor 84 may be con-
nected with lines I, 12, which are shown as the
source of current supply for motor (4. Thus
cam 77 will be driven at g predetermined reduced
speed, through the medium of gearing 83, in the
same direction as shaft 8%; as indicated at 83 in
Fig. 1, whereas cam 75 will be normally driven
in the opposite direction (indicated by arrow $4)
at & still further reduced speed (such speed of
cam 16 corresponding to one-third of the speed
of cam 77 in the particular arrangement herein
illustrated), through the medium of planetary
gearing €8, 87 and 71.

The arrangement is such that so long as ele-
ment 6 remains in ils neutral or intermediate
position, illustrated, the contacis 78 and 79 will
remain in disengaged relationshin to sach other.
As an incident to movement of element 5% in one
direction or the other from said neuiral position
the contactor arm %72 of g switch 87 is moved in
a corresponding direction to effect engagement of
one of the oppositely facing contact tips carried
thereby with one of the contaci tins %3¢ or
respectively carried by fiexible or resilient sta-
tionary contact members 93¢ and §7s.
gagement of a contact tip of arm 87 ¥
of the relatively stationary contact tips 979 or
97 presets a circuit for energization of the wind-
ing 932 or 862 of one or the other of the electro-
magnetically overable relays 85 ang 88; such en-
ergization being subkject fo simultaneous engage-
ment of the afcrementioned contacts 78 and 79.
As aforeindicated, movement of contactor arm
97s iz in response to the direction of divergence
of the value of the condition to bz controlled
(total heating value per unit volume of the com-~
bustible mixture, in the particular adaptation
of the invention illustrated herein) with respect
to a value preselected therefor. Inasmuch as arm
39 is rigidly attached to shaft 18, movement of
the latter in one direction or the other will ef-
fect corresponding movement of arm 85, The
gear 44 carried by arm 28 will tend to roll freely
in mesh with the teeth of segment 48; and in view
of the greater size of gear #4 with respect to gear
£3 2lz0 carried by arm 38, the gear 43 will (by
reason of its toothed connection with segment
48) bias the foroid or ring-tyre liguid drag mem-
ber 25 to move In a direction and t5 2 degree
corresponding with the direction and degree of
movement of shaft 18. Ths hias of member 25
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tinder such conditions will be accentuated by the
action of one or the other of the springs 30, 81.
Such movement of member 25 will, however, be
resisted by the restraint afforded by the orifice
27 in plate 25 to movement of the body of liquid
32. As a cohsequence member 25 will temporarily
remain substantially stationary; the slow rate of
rotary movement thereof permitted being con~
trolied by the rate of flow of the liquid 32 in one
direction or the other through the orifice 27 in
plate 26.

By reason of such resistance to movement of
member 25, gear 43 will be compelied to roll over
the gear segment 45 in mesh with the teeth of the
latter. The consequent rotation of shaft 42 (Fig.
2) will cause rotation of gear 44, and because
gear 44 is substantially larger than gear 43 the
teeth of gear 44 will cooperate with gear segment
48 to effect a given degree of angular movement
of hub member 5i in one direction or the other
with respect to shaft (8. Such movement of hub
51 will effect movement of arm §12 whereby one
of the contact tips carried thereby is engaged
with one or the other of the contact tips §7¢
or 87, A%t the same time element 8§ is moved
from the neuiral position shown in Fig. 1 so that
the cam surface 53 will act to effect depression
of roller 88 and counterclockwise movement of
lever arms 84 and 63 as a function of the degree
of deflection of the indicating arm {7 with re-
spect to the neutral point 2! on scale 28. Thus
the arm 87 cooperates with cne or the other of
the contact arms 87¢ or 87¢ in response fo the
direction of variation in the total heating value
per unit volume of the combustible fluig flowing
in conduit 12 (as determined by calorimetric de-
vice 18); whereas element 56 acts upon lever 61
to an extent determined both by the degree or
amount of variation in the total heating value
per unit volume of such fluid with respect to the
value preselected therefor and by the rate at
which such variation takes place.

Upon such counterclockwise movement of
lever arras 8i and 65 (Fig. 1) gear 87 will he
caused to move bodily toward the lelt over gear
68, thus effecting a corresponding degree of rofa-
tion of gear Tl in a counterclockwise direction,
ag indicated by the arrow 842, The corresponding
counterclockwise movement of cam 16 (which is
superimposed upon or differentially related to the
normal movement thereof in a clockwise direc-
tion, as aforedescribed) has the net result of de-
laying the time at which the block 84 will drep
from the high point of said cam. Due to such
delay the block 88 will drop from the high point
of cam 717 prior to dropping of biock 8§ from the
high point of cam 18, This will result in en-
gagement of contact 78 with contact 78 to com-
plete a circuit for one or the other of the coils
852 or 62, depending upon which of the coutact
tips §7¢ or 87 has been engaged by arm §7e,
The duration of engagement of contact 78 with
contact 18 will, of course, depend upcn the de-
gree of reverse movement or retardation of cam
16, which as aforeindicated is in accordance with
the degree of angular movement of element 56.

More particularly, arm 87* is adapied upen
movement thereof toward the right (from the
neutral or intermediate position thereof illus-
trated in Fig. 1) to effect engagement of contact
tip 91 with a tip 979 carried by the Hexible or
resilient stationary contact member 87°. Con-
tact member §7¢ is electricaily connected by con~
ductor (88 with one terminal of the operating
winding 95® of switch 95, the other terminal of
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which winding is electrically connected by cori-~
ductor 191 with line I2. Thus upon engagement
of top 87 with top 979 an energizing circuit for
winding 95& is preset for completion upon en-
gagement of the aforementioned contacts 78 and
19.

Similarly, upon movement of arm 97= toward
the left (Fig. 1) the contact tip (not shown) upon
the opposite face thereof is adapted to engage
the contact tip $7f carried by the other flexible
stationary contact member §7¢, Contact member
978 is electrically connected by conductor ({2
to one terminal of the winding 88 of switch 96,
the other terminal of which winding is electri-
cally connected by conductor 83 with line L2
Thus upon engagement of said last mentioned
tip of arm 97% with tip §7f an energizing circuit
for winding 862 is preset for completion upon
engagement of said contacts 78 and 79.

1t may be assumed that upon an increase in
the total heating value per unit volume of the
combustible mixture flowing in conduit {2, with
respect to the value preselected therefor, the
calorimetric device §8 will effect movement of
shaft 18 in a direction to cause movement of in-
dicating element 17 and contact arm 9%2 toward
the right. The consequent engagement of tip
87v with tip 97¢ will preset the energizing circuit
of winding 85e for completion upon engagement
of contacts 18 and 79, as aforedescribed; and
upon energization of winding 952 the contacts 8§5°
thereof will be closed to complete a circuit for
the split-field reversible motor {4 to effect op-
eration of the latter in a direction to cause move-
ment of valve I3 toward its fully opened position.
Such circuit of motor {4 extends from line It
by conductor 184 through contacts 857 of switch
95, thence by conductor {05 through one of the
split-field windings of said motor {4, and by the
common conductor {66 toline L2

As will be understood, such movement of valve
i3 toward its fully opened position will be ef-
fected in a step-by-step manner; due to the
operation of cams 16 and 77 (the former having
been reversed or retarded to a given degree in
the manner aforedescribed) to effect engagement
of contacts 78 and 1§ after each three complete
rotations of cam 17, whereby contact 78 is dropped
into engagement with contact 78 at a given in-
stant of time prior to disengagement thereof due
to dropping of contact T8 by the action of cam
16. In practice the motor {4 may be provided
with a built-in series of speed-reducing gears, as
represented by the numeral i6%; or any other
suitable means may be employed to insure a rela-
tively slow rate of adjustment of valve {3 during
engagement of contacts 78 and 79.

‘Tt will be apparent that upon movement of
shaft 18 in the direction indicated by arrow {87,
as just described, the arm 28 will be moved to a
corresponding degree; said arm acting through
coiled tension spring 2! ito tend to effect move-
ment of the ring-type liquid drag member 25 to
a like degree. However, due to the presence of
orifice plate 26 (Figs. 2 and 3) at the mid-point
of the body of liquid 22, such as mercury, within
the closed ring 25, said ring will lag kehind arm
23 to a degree controlled by the rate of passage
of the liquid through the orifice 27 in said plate.
As will be apparent, such movement of arm 23
relatively to ring 25 will effect a corresponding
increase in the tension of spring 3{, with a re-
sultant decrease in the tension of spring 38. In-
asmuch. as arm member 39 is constrained to move
jointly with arm 23 (both being rigidly attached
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to shaft 18); whereas the movement of ring 25
is restrained, or limited to a relatively slow rate,
by the coaction of orifice 21 with the body of lig-
uid 32; it is obvious that gear 43 will be caused to
ride over the teeth of segment 45, thus caus-
ing counterclockwise rotation of shaft 42 (Fig. 1).

Gear 44, which is rigidly connected with shaft
42, is likewise constrained to move in a counter-
clockwise direction, thus effecting movement of
the upward extension 50 toward the left to a de-
gree which is substantially greater than the de-
gree of movement of arm member 39. As g re-
sult the inverted T-shaped extension 53 is moved
toward the right (Fig. 1) to a degree greater
than the degree of angular rotation of shaft 8.
At the same time the arm 972 of switch 97 is
moved to effect engagement of its tip 87° with
the tip 874 of contact arm 87¢; thereby presetting
the aforementioned energizing circuit for wind-
ing 952 for completion upon engagement of con-
tacts 18 and 79. The degree of movement of
extension 56 foward the right serves, as afore-
described, to insure engagement of contacts 783
and 19 during each complete rotation of cam 17§,
to effect movement of valve 18 toward its fully
opened position. The degree of opening adjust-
ment of valve {3 upon each complete rotation of
cam 76 under the conditions just mentioned is
proportional to the degree to which arm &1 is
rotated in a counterclockwise direction. The
amount which arm 61 is rotated in s counter-
clockwise direction depends urpon the shape of
depression 83 and the angular position of arm
58 which is related to the position of indicating
arm {7 in a useful, but complicated, manner due
to the action of restraining ring 25 and the as-
sociated gearing.

As will be understood, the ring 25 is biased by
springs 3% and 31 in a manner to estaklish a

fixed relationship between the angular position ¢

of arm {71 and ring 25. When this condition is
established, a fixed angular relationship between
arm !T and arm 56 will be established. Due to
the retarding action of the liguid in ring mem-
ber 25 to movement in either direction, the cor-
responding movement of ring 25 is delayed, thus
causing a greater degree of angular movement of
arm 56 than the degree of angular movement of
arm 11.

Such angular displacement of arm 8§ is (n 5

effect) added to the angular displacement of
arm {7, and in the absence of any further change
in the angular position of arm {7, the angular
displacement of arm £§ with respect to arm 7
gradually decreases to zero as the flow of liquid
through the orifice %7 in plate 28 (Fig. 3) per-
mits ring 25 to assume its normal angular posi-
tion with respect to arm {7.

After valve 13 has been interraitiently adjust-
ed toward its fully oven vosition to such a degree
as to bring the combustible mixture flowing in
conduit {2 back to the total heating value pre-
selected therefor, it is cbvicus that the calori-
metric device {8 will cause rotation of shaft {8
in a clockwise direction (as indicated by numeral
{48 in Fig. 1), whereby ihie contact iip 57° will
be disengaged from tip £7¢ {0 insure against fur-
ther adjustment of vailve (& toward its fully
opened positicii. Such clockwise movement of
shaft {2 will resuit in an ivcresse in the ten-
sion of spring 38, with a corre ing decrease
in the tension of spring 3, therehy causing the
gearing 48, 42, £4, and 4£ {0 operate in a man-
ner similar to but in the opposive direction from
that aforedescribed, to gradually reset the vari-
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ous parts &8, 61, 65, etc., to the normal posi-
tions thereof shown in Fig. 1. When the contact
arm §7# is thus moved to its intermediate or neu-
tral position, both of the possible circuits for mo-
tor {4 will be interrupted, and hence, the auto-
matic resetting operation of the other parts of
the device will take place without any efect upon
the sdjustment of valve 2.

As a result of adjustment of valve {2 in the
manner aforedescribed, the arm 17 may tend to
return to its normal position (shown in Fig. 1)
before ring 25 has attained its normal angular
relationship to said arm, in which relationship
the blas effects of both spring 39 and 31 upon
ring 25 will be equal to each other. Under such
conditions the degree of deflection of arm 29 with
respect to arm §5 will be gradually decreased un-
til ring 25 has atfained such normal angular
relationship to arm (1. Further movement of
arm {7 toward its normal position (Fig. 1) would
then cause angular displacement of arm 3§ ico-
ward arm £8 or 43 (as the case may be), and as
a result of the displacement lever 58 will .reach
the normal pesition (wherein that contact on arm
812 which was last active is disengaged from its
associated stationary contact and roller 68 is
positioned at the inner end of the double cam
surface §3) before arm {7 reaches the normal
position thereof shown in Fig. 1. It is thus ap-
parent that the position of arm 55 is related
not only to the total heating value per unit volume
of the mixture as indicated by arm {7, but the
position of arm 56 is also affected by the rate
and direction of change in the position of said
arm {7. This feature is of great practical im-
portance in that it substantially prevents “hunt-
ing” operation of valve {3.

In the event of a decrease in the total heat-
ing value per unit volume of the combustible
gasecus mixture flowing in conduit {2, with re-
spect to the value preselected therefor, the device
will operate in g manner similar to that afore-
described (but in the opposite sense) to effect
the required degree of closing adjustment of valve
3. Thus if it be assumed that the various parts
of the device are in the neutral or stabilized po-
sitions thereof illustrated in Fig. 1; it is obvious
that upon a decrease in the total heating value
per unit volume of the combustible mixture from
the preselected value, the calorimetric device (§
will cause a corresponding degree of clockwise
rotation of shaft {8, with resultant substantially
immediate engzagement of the tip (not shown)
on arm 8§72 with contact tip 27f on the flexible
This will preset an energizing circuit
for the operating winding 86> of switch 8%, for
completion upon engagement of contacis 78 and
79; said circuit when completed extending from
line L! by conductor 83 through contacts 79 and
78, by conductor 33 through the tip (not shown)
on the left-hand face of arm 872 to tip 87 and
flexible contact arm 878, by conductor {82 through
said winding 9%2, and by conductor {83 to line
L2,

The movement of shaft {8 in a clockwise di-
rection from its neutral position will have caused
corresponding movement of arm member 39 fo-
ward the right; and due to the restraint or re-
sistance to movement coffered by ring 25, the
gear 48 will ride toward the right over segment -
£5; the consequent rotation of shaft 42 in a clock-
wise direction likewise effecting clockwise rota-
tion of gear &4 whereby the upward exiension 59
is moved toward the right and the downward ex-
tension 56 is moved toward the left. The right-
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hand side of concave cam surface 59 therefore
acts upon roller §8 in substantially the same
manner as aforedescribed to effect a given degree
of counterclockwise movement of lever 61, with
the result aforementioned; namely, a given de-
gree of retraction of cam 76 in a counterclock~
wise direction to insure a given period of en-
gagement of contacts 18 and 16 during each com-
plete rotation of cam 16; it being understood that
the length of such period is gradually decreased
as the total heating value per unit volume of

10

the mixture in conduit 2 is brought back to -

normal by the adjustment of valve i3.

Upon energization of winding 862 the contacts
86> of switch 96 are closed, thus completing an
alternative energizing circuit for motor id4, which
circuit may be traced from line 1! by conductor
108 throuch said contacts 98°, by conductor {9
through the other section of the split-field wind-
ing of motor i4, and by the common conductor
196 to line I2. Such circuit provides for opera-
tion of motor 14 in a direction to effect move-
ment of valve 13 toward its fully closed position;
the cams 16 and 77 cooperating to insure inter-
mittent completion of such reverse circuit for the
motor; whereas the aforedescribed degree of
automatic adjustment of cam 16 provides the de-
‘sired control of the period of engagement of
contacts 18 and 719 during each complete rota-
tion of cam 16; which period is directly propor-
tional to the degree of departure (decrease) of
the total heating value per unit volume of the
combustible mixture from the value preselected
therefor and the rate and direction of change.

Upon re-attainment of the desired total heat-
ing value per unit volume of the mixture the shaft
{8 will be rotated toward its intermediate or neu-
tral position illustrated; and in consequence both
circuits for motor 14 will eventually be inter-
rupted. As aforeindicated, upon neutral or in-
termediate positioning of contact arm 972 the
other parts of the device, if displaced, will be
automatically returned to their preset or neu-
tral positions illustrated without affecting the
adjustment of valve 3.

Tt will be understood by those skilled in the
art that if desired the relative size of the orifice
27 in plate or barrier 26 within ring 25 may be
increased or decreased, to theréby vary the time
required for the follow-up action of said ring 28
and the parts associated therewith. )

Attention is called to the fact that the driving
means for shaft {8 (within calorimetric device
{8) includes a well known form of friction clutch.
Tence if shaft 18 should tend to rotate in either
direction at the instant when, or shortly after,
block 81 has dropped from the high point of cam
76, the radial shoulder 762 on cam 76 may abut
against said block 8! to temporarily prevent the
desired reverse or retarding movement of cam
76. Such reverse movement of cam 716 will, of
course, be effected gradually as the shoulder
182 tends to move away from block 81, as an in-
cident to the normal direction of rotary move-
ment of said cam; such temporary resistance to
adjustment of the parts being accommodated by
slipping of the clutch which drives shaft 8.
Txcessive strain upon any of the parts of the de-
- vice is therefore avoided.

As will be understood by those skilled in the
art, in certain installations the control instru-
ment which effects positioning of shaft 8 (Fig.
1) may have insufficient power to effect proper
operation of the other elements of the device.
More particularly, the available power may be
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insufficient to provide for operation of the lever
arm 61 of Fig. 1. TUnder these conditions I prefer
to provide a modified device of the character
illustrated in Fg. 4. In Fig. 4 the stub shaft {4t
is rigidly attached to gear’ 67 and rotates in the
bearing formed adjacent the Iree end of arm 142
of a lever which is pivotally supported by shaft
52 the other arm {3 of said lever being arranged
at s predetermined angle (preferably a right
angle) to arm {£2. Shait {4 has rigidly ab-
tached thereto a cam or eccentric fi4. Cam li4
is adapted to continuously engage & roller (15
rotatably supported upon a bkearing shaft (4§
fixed to & part 117 of a stationary bracket another
part of which is designated by numeral {18
Bracket part 1{8 has a portion §18 bent at sub-
stantially a right angle thereto, and a coiled com-
pression spring is interposed between portion 1R
and lever arm {3 to insure the aforementioned
continuous engageraent of cam {i4 with roller
118,

Tever arm {13 has riveted or otherwise rigidly
attached thereto a resilient extension 12§ the
free end 121 of which is bent upwardly at sub-
stantially a right angle thereto. As will be un-
derstood, the continuous rotation of shaft 62
causes continuous rotation of gear 67, with the
result that cam 114 cooperates with roller ii5 to
effect cyclic up and down movement of the free
end 12{ of extension (20. The arrangement is
such that when the cam 17 attached to shaft 82
is in a position where cam follower 83 (see Fig. 1)
is about to drop and for a given period thereafter
the end {21 of extension #28 can assume the po-
sition thereof shown in Fig. 4. During the re-
mainder of the period represented by (or corre-
sponding to) one revolution of shaft §2 the lever
extension is gradually moved downwardly from
the position thereof illustrated, thus moving the
end 121 downwardly from the middle or inter-
mediate one of the opposed sets of steps $22 and
123 formed upon the lower edge of a specially
formed approximately T-shaped member 124,

The shape of cam {14 is such that end portion
12¢ will be moved entirely out of engagement
with member {24 during each complete rotation
of cam 114, It is therefore apparent that the
end portion 2§ of extension 128 does not inter-
fere to any substantial degree with the normal
functioning of shaft {8 and the parts associated
therewith for effecting movement of said member
124. As cam T1 approaches the rotary position
thereof at which the follower 88 drops to its lower
extreme position the end {21 of lever 126
(through the action of cam 1{4) tends to move
to the position thereof illustrated (Fig. 4), so
that when the aforementioned follower 88 drops,
said end I21 will be in the position shown and
there will be no rotary displacement of cam 76
with respect to cam 17; unless member 124 has
been moved toward the right or left from its
normal or neutral position, to correspondingly
limit the degree of upward movement of lever
end 12. With said end {21 restrained against
movement to its upper extreme position illus~
trated by engagement thereof with one of the
steps of the groups {22, {23 on either side of
said end 12§, cam 76 will be retarded to an extent
depending upon the angular or rotary position of
lever 126.

Referring now to Figs. 7, 8 and ¢ which graph-
ically illustrate the various positions assumed by
cam operated switch contacts 18 and 19 under
different conditions, in respect of the device of
Fig. 1. Thus in Fig. 7 the zigzag line illustrates
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the relatively slow upward movement 125 and
quick downward movement 1252 of contact 19
resulting from each complete rotaticn of cam 71
with respect to the block or follower 88 ; the ef-
fect of three complete rotations of cam 77 being
illustrated.

In Fig. 8 the horizontal portion {25 of the
upper line illustrates the substantially stationary
positioning of contact 78 afforded by engagement
of block 8! (Fig. 1) with the conceniric portion
of cam 76 (see Fig. 5) during two thirds of a
complete retation of the latter. The upwardly
inclined portion 127 of said line illustrates the
upwarg movement of contact 78 effected by co-
operation of the true spiral formation of one-
third of the periphery of cam 18 with the block
81; cam 78, as aforestated, being normally driven
at one-third of the speed of cam 71.

The two lines in the lower portion of Fig, 8
graphically illustrate the variations in spacing
of, or arc gap between, the contacts 78 and I8
under normsl conditions; that is to say, so long
as clement &§ remains in the intermediate or
neutral position thereof shown in Pig. 1. Assum-
ing that the variable distance between base line
128 and lines 130, {3! represents the positions
attained by contact 78 with respect to conbact
18, it will be noted that the are gap is initially
increased, as represented by the upwardly in-
clined line 138, then rapidly reduced, as indi-
cated by the vertical line (31 (which represents
the drop-off of block 88 from the high porticn
of cam 17) to provide the normal minimum arc
gap represented by the space 182, The rise {29

and fall 13f of contact 79 is repeated during the »

second cemplete rotation of cam 71, During the
third complete rotation of cam 77 the spiral one-
third portion of cam 7§ cooperates with block
8{ to effect upward movement of contact 78 at
the same speed as the rise of contact 7%, where-
fore the aforementioned norma! minimum arc
gap {32 is maintained, as shown by the parallel
relationship of line 132 to line 129, Under nor-
mal conditions both contacts 18 and 79 will drop
to the lower extreme positions at the same time
to maintain such normal minimum arc. gap,
whereupon cam ¥ will act to lift contact 19 up-
wardly away from contact 78 in the manner
llustrated by the fragment of the upwardly in-
clined line 138 to repeat the aforedescribed cycle
of operaticns.

In the upper portion of Fig. 9 the horizonial
portion 28 of the line represenis the substan-
tially stationary positioning of contact 78 during
two-thirds of a complete rotation of cam 716, as
in Fig. 8, However, in Fig. 9 it is assumed that
during engagement of the aforemsntioned con-
ceniric portion of cam 1§ with block 81 the ele-
ment §5 has been moved to a given degree in
one direction or the other from the neutral posi-
tion thereof illustrated in Fig. 1. As a result the
cam 78 will have bsen reversed, or retarded from
its normai clockwise direction of movement for
a period represented by the horizontal portion
{34 (between dotted vertical lines), so that the

eginning of the upward movement of 18 (repre-
sented by the upwardly inclineg line 127, as in
Fig. 8) is delayed.

With reference fo the lower portion of Fig. 9
it will be noted that the varistions in value of
the arc gap hetween contacts 78 and 79 are the
same 2s those illustrated in the lower portion
of Pig. 8, during two complete rotations of cam
71. Due to the retarding or setting back of cam
7% as just described the arc gap will be grad-
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ually increased for the period represented by the
relatively short upwardly inclined line {382
(which represents the rise of contact 7§ while
contact 78 remains substantially stationary).
Then upon upward movement of contact 18 (as
represented by line i27 in the upper portion of
Fig. 9) said arc gap will be maintained constant
at the value represented by the distance between
horizontal lines {38 and 129, until the point in
time represented by 13§ is reached, whereupon
block 88 will drop off the high point of cam 17
te provide for engagement of contact 13 with
contact 18; the latter then being at that point
in its rise designated by numeral {87 (Fig, 9).
The period of engagement of contacts 78 and 78
is represented by the thick horizontal line {38:
such period, of course, being directly proportional
to the degree of lateral movement of element 5§
in either direction from its normal position.

More particularly, the rise of contact T8 will
continue beyond point 137 throughout the re-
mainder of the length of the spiral cne-third por-
tion of the periphery of cam 1%, and contact 78
will drop at the point in time represented by
numeral 139 (Fig, 9), to disengage the same from
contact 79, In the meantime the engagement
of contact 19 with contact 78 will withhold block
88 from engagement with cam 71, so that the
normal increase in the arc gap represented by
dotted line 138 is not possible. However, such
rotation of cam 171 insures that upon dropping
of contact 78 as aforedescribed the cam 77 posi-
tively limits the degree of downward movement
of contact 79 to thereby provide a relatively large
arc gap, as represented by the vertical line 144,
Letween the separated contacts 18 and 78.

Referring again to Fig. 7 and to Figs. 10 and
11, which jeintly illustrate graphically the
various positions assumed by cam operated switch
contacts 7§ and 78 under different conditions, in
respect of the modified form of device shown in
Fig. 4. Thus as aforestated the cam 17 of Fig.
4 is identical with the cam 717 of Pig. 1 and is
adapted to effect the aforedescribed cyclic up and
down movements of contact 19, as indicated by
the series of upwardly inclined lines (25 and the
vertically downwardly extending lines 1282 in
Fig. 7.

In the upper porftion of Fig. 10 the horizontal
portion 14! of the solid line indicates the sub-
stantially stationary positioning of contact 78
during the initial two-thirds of the complete ro-

aticn of cam 78 (Fig. 4); said portion 14! cor-
responding exactly with the horvizontal portion
128 of the line shown in Fig. 8. The upwardly
inclined dotted line {27 in Fiz. 10 corresponds
with the full line #27 in Fig. 8, and indicates the
rate and degree of upward movement of contact
78 which would be effected during the final che-
third of a complete rotation of cam 78 if there
were no movement of lever {28 and the parts as-
sociated therewith. As aforessid, however, it is
necessary in the device of Fig. 4 to intermittently
effect counterclockwise movement of lever 129 to
its lower extreme position to permit substan-
tially fres movement of slement 124 (Fig. 4) to
any nposition to which it may be biased by ro-
tary movement of shart {8 (see Fig. 1) in cne di-
rection or fthe other. As aforedescribed such
movement of lever {29 is effected by cooperation
of cam or eccentric ({4 (Fig. 4) with roller 1{5;
the necessary comaterclockwise movement of le-
ver arm {i2 being transmitted to shaft ({1 and
to gear 87 to tend to effect counferclockwise
moveinent of gear 71 as shown by the arvow {42
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in Fig. 4. 'The result of such tendency to re~
verse the direction of driving of gear Ti is to
temporarily substantially neutralize or nullify
the normal driving thereof in a clockwise di-
rection, wherefore little or no upward movement
of contact 78 is provided, as indicated by the
horizonial continuation 43 of the line {41 in
Pig, 10. Inasmuch ascam {{4 makes three com-
plete revolutions during each rotation of gear
71 it will be understood that sald cam permits
return of gear 87 to its illustrated normal posi-
tion pricr to the time when a complete rotation
of gear 71 has been effected; and accordingly the
rate of upward movement of contact 78 is accel-
erated, as indicated by the upwardly extending
curved portion (44 of the line.

As shown in the lower porticn of g, 10 the
upwardly inclined lines £38 and the vertical lines
13! illustrate the variations in disiance (or arc
gan) between contacts 78 and 79 during the ini-
tiagl two-thirds of a complete rotation of camn T8
(Fig. 4), in the same manner as shown in the
lower portion of Fig. 8. Iowever, as shown at
165 in the lower portion of Fig. 10 the effect of
the bodily movement of gear 87 (due to the action
of cam (i8) is to temporarily gradually increase
above the normal minimum and then gradually
decrease to said normal minimum the arc gap
netween contacts 18 and 78 during the final onre-
third of o complete rotation of gear Ti and cam
18. " The net result is that under normal condi-
1ions engagement of contacts 78 and 7€ is posi-
tively prevented.

Tn the upper poriion of Fig, 1i the lines cor-
responding with those shown in the upper por-
tion of Fig. 10 have been glven iike numerals
of reference. In Fig. 11, however, it is assumed
that lever 128 is restrained against movement o
its upper extreme position, shown in Fig. 4, by
engagement of lever end 124 with one of the
steps 122 or {23, due to movement of element {24
in one direction or the other from its neutral or
intermediate position. As a result the normal
movement of contact 78 represented by the up-
per portion {44 of curved line 168 will not take
place, but iine 144 will merge into the uowardly
inclined line !44P, which is parallel with the
sforementioned dotted line {27. The contact 1%
will drop to engage coutact 18 at the point
marked $46 on line (44°, {hus completing the
circuit as indicated at #88 in Fig. 1l. Engage~
ment of contacts ¥8 and 78 is maintained until

contact 78 drops, at point {47, thus providing the -

arc gap represented by line {48 in PFig. 11; the
contact 19 having been lifted in the meantime,
as indicated by the dotted line section 1300 of
upwardly angled line 150, As will be understood,
the duration of engagement of contacts 18 and
78, as represented by heavy line 38 in Fig. 11
will vary in accordance with the degree of di-
vergence of element f2& from the neuiral posi-
_tion thereof illustrated. The substantial sim-
ilarity of the manner of operation of the device
of Fig. 4 with respect to that of Fig. 1 will be
apparent from the foregoing descriptions of these
devices. ‘

Although I have herein disclosed my invention
as applied to control of the toial heating value
per unit voluine of a mixture of combustible gas-~
eous fiwids, it is to be understood that the in-

vention is adaptable for use in the control of var- )

ious other conditions, such as water-level con-
trol, pressure confrol, temperature control, etc.;
that is to say, in those devices wherein the par-
ticular condition is to be controlled by adjust-
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ment of the rate of supply of a medium which
supports the congdition.

I claim:

1. In apparatus for maintaining substantially
constant the vaiue of & condition, in combination,
adjustable means for effecting a flow of a me-
dium supporting the condition, means contin-
uously responsive to the instantanecus value of
said condition, means subject to control by said
second mentioned means and including a rotat-
able liguid drag device responsive to both the
instantanecus value and the rate of change in
value of said condition with respect to a value
preselected therefor for intermittenily effecting
adjustment of said first mentioned means, said
third mentioned means also including & pair of
continuously operable power driven cams and a
pair of switch contacts respectively operable
thereby, the drive of one of said cams including
5 set of planelary gearing, and means for sub-
jecting said planetary gearing ic control in ac~
cordance with the rojary position of said liquid
drag device to thereby vary the degree of ad-
justment per unit of time of said first mentioned
means throughout a relatively wide range, to
thus increase or decrease the rate of flow of said
medium in accordance with boti the instantane-
ous value and the rate of change in value of said
condition with respect to said preselected value.

2. In apparatus for control of a condition, in
combination, means for continuously delivering a
medium to support said condition, means for con-
trolling the rate of delivery of said medium
whereby said condition is maintained at a prede-
termined substantially constant value, said last
mentioned means including means responsive to
the direction, degree and rate of variation in such
value with respect to said predetermined value,
means controlled by said variation responsive
means to control the direction of variation in
the rate of delivery of said medium supporting
said condition, cam operated switching means in-
cluded in circuit with said direction control
means for effecting adjustment of the rate of
delivery of said medium to maintain said condi-
tion at said predetermined substantially constant
value, said switching means including a pair of
cams having a common drive, one of said cams
being driven at a constant speed and the other
cam being normally driven at a different speed
through the medium of planetary gearing, said
planetary gearing including an oscillatable re-
tarding arm whose variable operative position is
subject to control by said variation responsive
means, said arm in any operative position thereof
being adapted to correspondingly control the de-
gree of adjustment per unit of time of the rate
of delivery of said medium, said arm being so re-
lated to said cams as to provide for inoperation
of said switching means when said condition is
of said predetermined substantially constant
value, a double-inclined cam member operable by
said variation responsive means, a ring type lia-
uid drag member also operable by said variation
responsive means and spring-biased to move in
either direction to a degree corresponding to the
movement of the latter, gear segments connect-
ed with said drag member and said double-in-
clined cam member respectively, an element rig-
idly connected with a part of said variation re-
sponsive means for movement with the latter, a
gear continuously engaged with the gear segment
on said drag member, a second gear continuously
engaged with the other gear segment, a shaft to
which said gears are non-rotatably connected,
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and said ‘last. mentioned -¢lement having means
for supporting. said shaft for rotation: with re-
spect thereto.

3. In apparatus for control of a condition, in
combination, means for continuously delivering a
medium to support said condition, means for con-
trolling the rate of delivery of said medium
whereby said condition is maintained .at a pre~
determined substantially constant value, said last
mentioned means including means responsive to
the direction, degree and rate of variation in such
value with respect to said predetermined value,
means controlled by said variation responsive
means to control the direction of variation in the
rate of delivery of said medium supporting said
condition, cam operated switching means includ-
ed in circuit with said direction control means for
effecting adjustment of the rate of delivery of
said medium to maintain said condition at said
predetermined substantially constant value, said
switching means including a pair of cams having
a common drive, one of said cams being driven
at a constant speed and the other cam being nor-
mally driven at a different speed through the

medium . of planetary gearing, said planetary ¢

10

15

20

gearing including ‘an oscillatable retarding arm .

whose variable operative position is subject to
control by said variation responsive means, said
arm in any operative position” thereof being

adapted to correspondirgly control the degree of

adjustment. per unit of time of the rate of deliv-
ery of said medium, said arm being so related to
said cams as to provide for inoperation of said
switching means when said condition is of said
predetermined substantially constant value, a
double-inclined. cam member operable by  said
variation responsive means, a ring type liquid
drag member also operable by said variation re-
sponsive means and spring-biased to move in ei-
ther direction to a degree corresponding to the
movement of the latter, gear segments connect-
ed with said drag member and said double-in-
clined cam member respectively, an element rig-
idly connected with a part of said variation re-
sponsive-means for movement with the latter, a
gear continuously engaged with the gear segment
on said drag member, a‘second year continuously
engaged with the other gear segment, a shaft to
which said gears are nonrotatably connected, said
last ‘mentioned element having means for sup-
porting said shaft for rotation with respect there-
to, a switch contactor movable with said second
mentioned: gear segment in one direction or the
other according to the direction of movement of
said variation responsive means, and-a.pair of re-
silient stationary contacts with which said con-
tactor is adapted to engage selectively to preset
one or the other of a pair of alternative circuits
for completion upon closure of said cam operated
switching means.

4. In a. cendition controlling system, in com-
bination, a member adapted to assume a given
position upon attainment of 3 predetermined
value of the condition, said: member being mov-
able in one direction or the other with respect to
said position in accordance with variations in
the value of said condition, an element rigidly
attached to said member for movement with the
latter; a pair of gears rigidly connected with each
other and supported by said element for rotation
Jointly with respect thereto, a ring type liquid
drag member rotatably supported by said mem-
ber first mentioned, spring means interposed be-
tween said first mentioned member and said drag

member whereby the latter is biased to move in a-
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direction and to a degree corresponding to the
movement of the former, an orifice plate fixed
within said drag member cooperating with the
liguid to limit such movement of the drag mem-
ber to a predetermined relatively slow rate, a
gear segment rigidly attached to said drag mem-
ber with which one gear of said pair is adapted to
continuously engage, a second gear segment ro-
tatably supported by said first maentioned member
with which the other gear of said pair is adapted
to continuously engage, a cam member rigidly
attached to said last mentioned gear segment,
a substantially L-shaped lever with one arm of
which said cam member is adapted to engage, a
rlanet gear rotatably supported by the other arm
of said lever, planetary gearing of which said
lasi menticned gear forms a part, a switch con-
tactor operafing cam associated with said plane-
tary gearing, a shaft for normally driving- said
planetary gearing at a predetermined: speed, a
second switch contactor operating cam rigidly
attached to said: shaft, said cams being jointly
operable under normal conditions to-maintain
said switch contactors disengaged from each
other, means including said cam member and
said lever acting upon movement of said. first
mentioned member from its given position to ef-
fect intermittent -engagement of said contactors
for periods of time corresponding to the instan-
tanecus relative positions of said first menticned
member and said cam member, said last men-
tioned means alse including .a switch contactor
movable in one direction or the other ‘according
to the direction of movement of said first men-

5 tioned member, a pair of resilient stationary con-

tacts ‘with which said contactor is adapted. to
selectively engage to preset one or the other of g
Pair of alernative circuits for completion upon
engagement of said cam-operated contactors; an
adjustable valve the position of which is adapted
to control the rate of delivery of a medium where-
by the-value of said condition is maintained sub-
stantially constant, a reversible electric motor for
controlling the position of said valve, and means
fer subjecting said motor to-control by said alter-
native circuits respectively.

5. In a gas mixing control system, in combina-
tion, a pair of branch conduits through which
gaseous fluids of substantially different total hegt-
ing value per unit volumes are respectively adapt-
ed to flow, a main conduit into which said branch
conduits. are adapted to discharge for mixture of
said fluids, a calorimetric device which withdraws
a -continuous sample of the mixture from said
main- conduit and continuously ascertains the
total heating value per unit volume thereof, power
cperated means including an oscillatable -shaft
asgociated with said calorimetric device. for con-
tinuously indicating the instantaneous total heat-
ing value per unit volume of said mixture, an
adjustable valve.in one of said branch conduits,
meang responsive -to -movements of said ‘power
operated means for effecting adjustments of said
valve whereby said total heating value per unit
volume is maintained substantially constant, said
last mentioned means including a ring type Hquid
drag 'member and a double-inclined concave cam
member supperted upon said shaft for rotation
with respect thereto, spring means interposed be-
tween said. shaft and said drag member to bias
the latter to move in a direction and to a degree
corresponding to the movement of said shaft, gear
segments respectively attached to said drag mem-
ber and said cam member; an' arm rigidly at-
tached to said shafi, a second shaft having bear-
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ing engagement with said arm, a gear continu-
ously engaged with the segment on said drag
member, a relatively larger gear continuously
engaged with the segment on said cam member,
said gears being rigidly connected to opposite
ends of said second shaft, a substantially L-
shaped lever one arm of which is adapted for
cooperative engagement with said cam member,
a planet gear rotatably carried by the other arm
of said lever, planetary gearing of which said
planet gear forms =a part, means including a
motor operated shaft for normally driving said
planet gear at a substantially constant speed, a
cam associated with said planetary gearing, a
switch contactor operable by wsaid cam, a second
cam rigidly attached to said motor operated shaft
and normally rotatable at a substantially higher
speed than said cam first mentioned, a second
switeh contactor operable by said second cam,
said cams under normal conditions being adapted
to insure against engagement of said switch con-
tactors, said lever when operated to a given de-
gree by said concave cam member being adapted
to effect adjustment of the cam associated with
said planetary gearing to thereby effect a corre-
sponding period of engagement of said contacts
per unit of time, a reversible electric motor for
effecting adjustment of said valve, and means
subject to control by said switch contactors for
completing a circuit for said motor for operation
of the latter in one direction or the other.

6. In a gas mixing control system, in combina-
tion, a pair of branch conduits through which
gaseous fluids of substantially different total
heating values per unit volume are respectively
adapted to flow, a main conduit into which said
branch conduits are adapted to discharge for
mixture of said fluids, a calorimetric device which
withdraws a continuous sample of the mixture
from said main conduit and continuously ascer-
tains the total heating value per unit volume
thereof, power operated means including an oscil-
latable shaft associated with said calorimetric
device for continuously indicating the instanta-
neous total heating value per unit volume of said
mixture, an adjustable valve in one of said
branch conduits, means responsive to movements
of said power operated means for effecting ad-
justments of said valve whereby said total heat-
ing value per unit volume is maintained substan-
tially constant, said last mentioned means includ-
ing a ring type liquid drag member and a double-
inclined concave cam member supported upon
said shaft for rotation with respect thereto, spring

means interposed between said shaft and said :

drag member to bias the latter to move in a direc-
tion and to a degree corresponding to the move-
ment of said shaft, gear segments respectively at-
tached to said drag member and said cam mem-
ber, an arm rigidly attached to said shaft, a sec-
ond shaft having bearing engagement with said
arm, a gear continuously engaged with the seg-
‘ment on said drag member, a relatively larger
gear continuously engaged with the segment on
said cam member, said gears being rigidly con-
nected to opposite ends of said second shaft, a
substantially L-shaped lever one arm of which is
adapted for cooperative engagement with said
cam member, a planet gear rotatably carried by
the other arm of said lever, planetary gearing of
which said planet gear forms a part, means in-
cluding a motor operated shaft for normally driv-
ing said planet gear at a substantially constant
speed, a cam associated with said planetary gear=
ing, a, switch contactor operable. by said cam,-a
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second cain rigidly attached to said motor oper-
ated shaft and normally rotatable at a substan-
tially higher speed than said cam first mentioned,
a second switch coritactor operable by said second
cam, said cams under normal conditions being
adapted to insure against engagement of said
switch contactors, said lever when operated to a
given degree by said concave cam member being
adapted to effect adjustment of the cam associ-
ated with said planetary gearing to -thereby
effect a corresponding period of engagement of
said contacts per unit of time; a reversible elec-
tric motor for effecting adjustment of said valve,
means subject to control by said switch con-
tactors for completing a circuit for said motor for
operation of the latter in one direcfion or the
other, said last menticned means including a
switch contactor rigidly attached to said first
mentioned shaft, and a pair of resilient station-
ary contacts with which said contactor is engage-
able selectively to effect completion of a circuit
for said motor for operation of the latter in one
direction or the other.

7. In apparatus for maintaining substantially
constant the value of a condition, in combina-
tion, means including an adjustable valve for
effecting a flow of a medium supporting the con-
dition, means for continuously ascertaining the
instantaneous value of said condition, means in-
cluding a rotatable liquid drag device, movable
by said last mentioned means in response to the
direction; amount and rate of variation in value
of said condition with respect to a value prese-
1ected therefor, movable means responsive to the
direction of movement of said second mentioned
means for presetting one or another of a pair of
alternative electric circuits adapted when closed
respectively to control the direction of adjust-
ment of said valve to thereby change the rate
of flow of said medium supporting the condition,
g set of electrical contactors common to said al-
ternative circuits, a corresponding number of ro-
tary cams individual to the respective contactors
0 effect operation of the latter relatively to each
other, common driving means for said cams, the
rate of speed of one of said cams being main-
tained substantially constant, another of said
cams being driven at a different speed through
the medium of & Dlanetary transmission, said
planetary transmission including a pivoted  L-
shaped lever whose movement is subject to con=
trol by -said first mentioned movable means
whereby such movement of said lever is made
proportional to the degree and rate of movement
of said movable means in either direction from a
given position of the latter, and said lever when
so moved acting through said planetary trans-
mission to retard or accelerate the movement of
said ‘last mentioned cam, for the purpose set
forth. ' '

8. In apparatus for control of a condition, in
combination, means including a plurality of
branch conduits and a main conduit leading
therefrom for continuously delivering a medium
to support said condition, means including an ad-
justable ‘valve in one of said branch conduits
for controllng the rate of delivery of said miedium
through said main conduit whereby said condi-
tion is maintained at a predetermined substan-
tially constant value, said last mentioned means$
including means responsive to the direction and
degree of variation in such value with respect to
said predetermined value, electrical switching
means controlled by said variation respornsive
means to control the direction of adjustment of



2,415,018

21

sald:valve to thereby vary the rate of delivery of
said medium supporting said condition, cam oper-
ated electrical switching means included in cir-
cuit with said direction control switching means
for effecting variation in the rate of adjustment
of said valve to thereby assist in maintaining
said. condition at said predetermined substan-
tially constant value, said cam operated switch-
ing means including a pair of cams having a com-
mon power drive, one of said cams being driven
at a constant speed and the other cam being
normally driven at a slower speed through the
medium of planetary gearing, and said planetary
gearing including a movable arm whose position
is subject to control by said variation responsive
means, to thereby vary the degree of adjustment
of said valve per unit of time, whereby the rate
of delivery -of said medium is subject to control
in accordance with the instantaneous position
of said-arm.

9. In apparatus for control of a condition, in
combination, means including a plurality of
branch conduits and a main conduit leading
therefrom for continuously delivering s medium
to support said condition, means including an
adjustable valve in one of said branch conduits
for controlling the rate of delivery of said medium
through said main- conduit whereby said condi-
tion is maintained ‘at a predetermined substan-
tially constant value, said last mentioned means
including-movable means responsive tc the direc-
tion, degree and rate of variation in such value
with - respect to: said predetermined value,
electrical - switching means controlled by said
variation responsive means to control the direc-
tion .of adjustment of said valve to thereby vary
the rate of delivery of said medium supporting
said condition, cam operated electrical switching
means included in cireuit with said direction con-
trol switching means for effecting variation in
the rate of adjustment of said valve per unit of
time to thereby assist in maintaining said con-
dition at said predetermined value, said cam op-
erated switching means including a pair of cams
having a common power drive, one of said cams
being driven at a substentially constant speed
and the other cam being normally driven at a
predetermined slower speed through the medium
of planetary gearing, said planetary gearing in-

cluding a movable lever whose position is subject .

to control by said variation responsive means, said
lever when moved to any one of a number of its
operative positions being adapted to correspond-
ingly adjust said planetary gearing to thereby
control the degree of adjustment per unit of time
of the rate of delivery of said medium, and said
lever being so related to said cams as to provide
for inoperative positioning of the former when
said condition is of said predetermined value.
10. In apparatus for control of a condition, in
combination, means including a plurality of
branch conduits and a main conduit leading
therefrom for continuously delivering a me-
dium to support said condition, means includ-
ing an adjustable valve in one of said branch
conduits for controlling the rate of delivery of
said medium through said main conduit whereby
said condition is maintained at g predetermined
substantially constant value, said last mentioned
means including movable means responsive to
the direction, degree and rate of variation in
such value with respect to said predetermined
value, electrical switching means controlled by
said variation responsive means to control the
direction of adjustment of said valve to thereby
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vary the rate of delivery of said medium support-
ing said condition, cam operated electrical switch-
ing means:included in circuit with said direction
control switching means for effecting - variation
in the rate of adjustment of said valve per unit
of time to..thereby assist in. maintaining said
condition at zaid predetermined value, said cam
operated: switching means including a. pair of
camshaving-a common. drive, one of said cams
being normally driven at a predetermined slower
speed through the-medium of planetary gearing,
said planetary gearing including a movable lever
whose position is subjeet to control by said varia-
tion responsive -means, said lever when moved to
any-one of a number of its operative positions
heing adapted to adjust'said planetary gearing to
thereby contrel the degree of adjustment per unit
of time- of the rate of delivery of said: medium,
saidlever heing so related to said 'cams as to pro-
vide for incperative positioning of the former
when -said condition is of said predetermined
value, said second mentioned means also includ-
ing-a double-acting cam member adapted -for
cooperation with said lever, said cam member be-
ing-operable by said variation responsive means,
a ring type liquid drag member also operable by
said last mentioned means and spring-biased to
move in either-direction to a degree correspond-
ingto movement of the latter, gear segments con-
nected with said drag member and said cam
member respectively;, an element rigidly con-
nected with ssid variation responsive means for
movement with the latter, a gear continuously
engaged with the gear segment on said drag

) member, a second gear continuously engaged with

the -other gear segment, a shaft to which said
gears are non-rotatably connected in spaced re-
lationship to each other, and said last mentioned
element. having means for supporting said shaft
for rotation with respect thereto. »

11! In a.condition controlling system, in com-
bination, means including a plurality of branch
conduits and a main conduit leading therefrom
for continuously delivering a medium to support
the condition, means including an adjustable
valve in one of said branch conduits for control-
ling the rate of delivery of said medium through
said main conduit whereby said condition is
maintained at a predetermined substantially con-
stant value, said last mentioned means also in-
cluding a member adapted to assume a given po-
sition upon attainment of said predetermined
value of said condition, said member being mov-
able in one direction or the other with respect to
sald position in accordance with variations in
the value of said condition, an element rigidly
attached to said member for movement with the
latter, a pair of gears rigidly connected with each
other and supbported by said element for rotation
jointly with respect thereto, a ring type liquid
drag member rotatably supported by said mem-
ber first mentioned, spring means interposed be-
tween said first mentioned member and said drag
member whereby the latter is biased to move in
a direction and to a degree corresponding to the
movement of the former, an orifice plate fixed
within said drag member cooperating with the
liquid therein to limit such movement of the drag
member to a relatively slow rate, a gear segment
rigidly attached to said drag member with which
one gear of said pair is adapted to continuously
engage, a second gear segment rotatably support-
ed by said first mentioned member with which
the other gear of said pair is adapted to continu-
ously engage, a cam member rigidly attached to
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said last mentioned gear segment, a substantially
L-shaped lever with one arm of which said cam
member is adapted to engage, a planet gear ro-
tatably supported by the other arm of said lever,
planetary gearing of which said last mentioned
gear forms a part, an electric switch contactor,
an operating cam therefor associated with said
planetary gearing, a shaft for normally driving
said planetary gearing and said cam at a prede-
termined speed, & second electric switch contac-
tor, an operating cam for the latter rigidly at-
tached to said shaft, said cams being jointly op-
erable under normal conditions to maintain said
switeh contactors disengaged from each other,
means including said cam member and said lever
acting upon movement of said first mentioned
member from. its aforementioned given position
to effect intermittent engagement of said switch
contactors for periods of time corresponding to
the instantaneous relative positions of said first
mentioned member and said cam member, and
associated power operated adjusting means for
said valve subject to conirol by said contactors
when engaged with each other,

12. In a condition controlling system, in com-
bination, means including a plurality of branch
conduits and a main conduit leading therefrom
for continuously delivering a medium to support
the condition, means including an adjustable
valve in one of said branch conduits for control-
ling the rate of delivery of said medium through
said main conduit whereby said . condition is
maintained at a predetermined substantially con-
stant value, said last mentioned means also in-
cluding a member adapted to assume a given po-
sition upon attainment of said predetermined
value of said condition, said member being mov-
able in one direction or the other with respect to
said position in accordance with variations in the
value of said condition, an element rigidly at-
tached to said member for movement with.the
latter, a pair of gears rigidly connected with each
other and supported by said element for rotation
jointly with respect thereto, a ring type liquid
drag member rotatably supported by said mem-
per first mentioned, spring means interposed be-
tween said first mentioned member and said drag
member whereby the latter is biased to move in
a direction and to a degree corresponding to the
movement of the former, an orifice plate fixed
within said drag member cooperating with the
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liquid therein to limit such movement of the drag
member to a relatively slow rate, a gear segment
rigidly attached to said drag member with which
one gear. of said pair is adapted to continuously
engage, a second gear segment rotatably support-
ed by said first mentioned member with which
the other gear of said pair is adapted to continu-
ously engage, a cam member rigidly attached to
said last mentioned gear segment, a substantially
L_-shaped lever with one arm of which said cam
member is adapted to engage, a planet gear ro-
tatably supported by the other arm of said lever,
planetary gearing of which said last mentioned
gear forms a part, an electric switch contactor, an
operating cam therefor associated with said plan-
ctary gearing, a shaft for normally driving said
planetary gearing and said cam at a predeter-
mined speed, a second electric switch contactor,
an operating cam for the latter rigidly attached
to said shaft, said cams being jointly operable
under normal conditions to maintain said switch
contactors disengaged from each other, means
including said cam member and said lever acting
upon movement of said first mentioned member
from its aforementioned given position to effect
intermittent engagement of said switch contac-
tors for periods of time corresponding to the in-
stantaneous relative positions of said first men-
tioned member and said cam member, said last
mentioned means also including a switch contac-
tor movable in one direction or the other accord-
ing to the direction of movement of said first
mentioned member, a pair of resilient stationary
contacts with which said last mentioned contac-
tor is adapted to selectively engage to preset one
or another of a pair of alternative circuits for
completion upon engagement of said cam-oper-
ated switch contactors, and associated power op-
erated adjusting means for said valve subject to
control by all of said switch contactors jointly.
EDWIN X. SCHMIDT.
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