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This invention relates generally to switching
mechanisms, and more particularly to the type
of device wherein the switching mechanism is
actuated by a condition responsive means to
control an electric circuit.

The invention has particular utility in connec-
tion with the automatic control of a burner for
a heating plant for example, where it is desir-
able that some provision be made for quickly
stopping the operation of the burner in the
event of combustion or ignition failure, in order
that hazardous conditions may be obviated.

Tt is an object of the invention to provide an
improved connection between a thermally re-
sponsive member and & circuit controlling mech-
anism whereby upon motion of the thermally
responsive member in response to changes or
reversals in temperature affecting the same, the
controlling mechanism is operated immediately,
and upon continued motion of the thermally re-
sponsive member 1o further motion is imparted
to the controlling mechanism.

An object of the invention is to provide an
improved slip friction connecting means between
a temperature responsive device and the switch
elements which is simple and compact in con-
struction, reliable in operation, which is adapt-
able for operation with various types of tem-
perature responsive devices, and which will pro-
duce the desired sequence of operations.

A further object is to devise an improved slip
friction switching mechanism which is adaptable
for operation with temperature responsive ele-
ment located at a point remote from the switch-
ing mechanism.

A still further obiect is to provide a slip fric-
tion mechanism in which the constituted ele-
ments thereof are arranged in a common plane
for movement in a linear direction by the ther-
mal device whereby stresses or bending of any
of the elements is eliminated and correct op-
eration is insured.

Another object is to provide an improved slip
friction mechanism in which the associated ele-
ments are always maintained under a state of
tension in order that no lost motion may impede
the instantaneous reliable operation of the de-
vice.

It is a further object to devise an improved
slip friction mechanism in which the operating
mechanism and the contact elements are all
arranged upon a single supporting member or
plate so that the assembly, adjustment and ac-
cessibility of the elements are facilitated.

A further object is the provision of an im-~
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proved flame detecting switching mechanism in
which a plate-like element is arranged to buckle
upon the presence of flame, this member being
biased in this buckling direction by the switch-
ing mechanism.

Other objects and advantages of the improved
slip friction switching device reside in certain
novel features of construction, arrangement and
combination of the various elements which will
be hereinafter more fully described, particularly
pointed out in the appended claims, and illus-
trated in the accompanying drawings in which:

Fig. 1 shows a cross-sectional side elevation
of the switching mechanism and the associated
thermally responsve device both mounted upon
a burner apparatus;

Tig. 2 is a top view of the switching mecha~
nism;

Fig. 3 is an end cross sectional view taken
along the line 3—3 of Fig, 1;

Fig, 4 is a similar view taken along the line
4—4 of Fig. 1;

Fig. 5 is a fragmentary view of a gun type of
burner installation on a furnace to which the in-
vention is applied;

Fig, 6 is a top view of a modified form of the
switching mechanism;

Fig. 7 is a cross sectional end view taken along
the line T—1 of Fig. 6;

Fig. 8 is a cross sectional side view of the
modified form of the invention;

Fig. 9 is a bottom view of the mechanism;

Tig, 10 is a fragmentary view of a burner in-
stallation to which the modified form of the
switching mechanism is applied; while,

Fig. 11 is an end view of the burner illustrat-
ing a form of thermal responsive device applica-~
ble to the modified switching mechanism.

The invention comprises generally the combi-
nation of a thermal responsive device indicated
at 5 and a control device or switching mechanism
associated therewith indicated at 6, both ele-
ments being arranged for example upon a burner
installation as indicated in Fig. 5. The thermal
responsive device 5 is arranged within an enclos-

ing chamber or casing preferably in the form

of & casting T, having fairly thick walls including
2 flat bottom wall 8 through which a bolt 9 passes
and is threaded into the side wall 10 of the blast
tube.of a burner for supporting the casting 1.
A pair of downwardly projecting legs, one of
which is shown at 11, straddle the tube I8 and
serve to space the bottom wall 8 from direct
thermal contact with the tube 18. The casing T
has semi-circular side and top walls and is pro-
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vided with an opening {2 in the front thereof.
The upper portion of the wall extending toward
the opening 12 is gradually sloped downward as
indicated at {3. The opening 12 is arranged so
as to face the combustion chamber of a furnace
as shown in Fig. 5. The rear or opposite end of
the casing 7 is arranged with a cylindrical wall
14 having a shoulder portion formed therein
to provide a seat for a flat metal disc {5 which
closes off the end of the casing 7 and lowers the
transmission of heat threugh the casing 7 to the
switching mechanism §. This disc 15 also pre-
vents the escape of the combustion gases through
the thermal unit and prevents any drafts of air
caused by the chimney drafts in the furnace
from entering the thermal unit 5 and affecting
the reliable operation of the unit.

The thermal responsive device § is supported
within the casing 7 by means of 2 supporting
tube {6 passing through an opening in the disc
15. An operating rod or shaft T rasses axially
through the tube {5 and projects outwardly from
the front end thereof. The condition responsive
or thermal operated device includes a relatively
thin fiat annular disc member gr diaphragzm {8
having a rearwardly projecting flange portion
{9 formed thereon which engages the periphery
of a second relatively flat annular disc member
28. The disc 22 is supported upon the end of
tube {5 as shown at 2i. The disc 8 is ar-
ranged &% its front surface to receive and absorh
radiant heat waves or energy emanating from
the burner flame, These radiant heat waves pass
through the opening {2 and impinge upon the
front surface of the diaphragm {28 'The dia-
phragm {8 is preferably constructed of a mate-
rial having a relatively high thermal ceefficient
of expansion. It is bowed cutward toward the
opening {2 g slight amount as a result of g shoul-
der on the shaft {7 engaging the same and
applying a slisht amount of pressure to the dia-
phragm. The shaft {7 as will be hereinafter
pointed out is normally spring urged in a direc-
tion toward the diaphragm 18, The second disc
23 arranged upon the peripheral rear edge 9
of the diasphragm 18 is preferably made of a
material having a somewhat smaller coefficient
of heat expansion than the material of which
the diaphragm {8 is constructed, The disc 20
is thicker than the diaphragm and preferably
spot welded at recurring intervals to the pe-
riphery 19 of the diaphragm. The diaphragm {8
upon heing subjected to elevated temperatures
such as caused by radiant heat waves bows or
bulges cutward while the annular disc 20 ex-
pands circumferentially at a somewhat slower
rate than the diaphragm. The end of the shaft
{7 loosely projects through a hole in the center
of the diaphragm so as to guide and support the
end of the shaft.

The contrel device of the invention which is
actuated by the cperation of the thermal re-
sponsive device § is shown in the form of a
switch actuating mechanism 8. This switching
mechanism is suitably enclosed in g rectangular
shaped metal casing or housing 28 which is sup-
perted by means ¢f en angular U-shaped bracket
27 and screw £8 upon the tovp of the blast tube
$0 of the burner. The bracket 27 comprises a
pair of legs, cne of which is shown, which
straddle the tube i9 and have their lower ends

ent {0 conform to the cylindrical shape of
the tuke and are secured thereto by screws 28.
This screw 29 passes through a slot 28 of each
bracket leg 27 so that the bracket and the
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switching mechanism 6 may he adjustably posi-
tioned longitudinally within certain limits along
the surfacz of the blast tube 8. By means of
this adjustment the element supporting tube I8
and the thermal device 5 may be laterally posi-
tioned within the casing 7 at any desired location
either closer or further away frem the opening
{2 of the casing §, depending upen the intensity
of the burner flame within the cormbustion
chamber so that the correct response of the
thermal element may be more accurately and
reiiably gauged. In the case of g very hot fire
the thermal device § would be positioned further
away from the opsning 12, whereas in the type
of burner in which a lower fiame would exist
the thermal device & weuld ke adjusted closer
to the opening 12,

£ sheet metal enclosing cover 21 is provided
for protecting the switching mechanism 6, It
is adjustably attached to the blast tube {0 by
means of & screw 32 on each side riding in a
slot 83 so that the cover &1 may be shifted when-
ever the switching mechanism is adjusted. The
casing 28 is provided at one end with an opening
in which a conduit connection or a rubber grom-
met 34 may be inserted as shown. This serves
for the purpose of providing an entiry for the
electrical connecting wires 54, A cover plate 85
for enclosing the casing 25 ig provided which is
held on the casing by means of a screw 31. The
serew 37 threads into g proteciing plate 28 ar-
ranged immediately abeve the switching mech-
anism and which is secured to the sides of the
casing 2§ by means of screws 34, one of which
is shown. A4 projecting edge of the plate 38 ex-
tends through an opening 4§ in the side of the
casing to further support the plate §8. The plate
38 thereby serves to protect a portion of the
mechanism and likewise serves as a securing
means for the screw 37. One side wall of the
casing 28 has a threaded projecting portion 41
formed integral therewith and into which the
end of supporting tube 5 is threaded. A lock
nut 42 threaded cn the tube t§ and tightened
against the side wall ¢f the casing 2§ rigidly
secures and locks the thermal device 5 and the
switching mechanism € in asscciated oterative
relationship. This threaded engagement pro-
vides a calibration or adjustment of the thermal
device ¥ within the casing 7 and of the switching
mechsanism to be pointed out. A ccmpression
spring 43 encircles the cutside of the suprorting
tube 18 and exorts ils force botween the Ilock
nut 42 and the rear of the hielding disc 15. "The
purpose of this spring 63 is to at al times hold
and maintain the disc {5 in its get position upon
the shoulder formed in the cylinder 13 of ‘casing
1. The disc {5 will remain cn its seat and close
the end of casing 7 régnrdiess of the position
to which the switching mechanisin § may be
lengitudinally shifted when 2zn adjustment of
the position cf the thermal device § is made.

Arranged in spaced relation to the bottom
wall of the switch casing 45 is o flat insulating
plate 44, the general shape of which is shown
in detail in ™ig. 2. The plate 44 is subported
by means of s number of bushings 63 riveted at
one end to the bottom of casing 28 and sSCrews
4% threading into the bushings.

The switching mechanism § is of the so-ecalled
“slip friction” type, tha is, the contact stir
Is operated immediately upon initial movement
of the mechanism and upon continued ‘progres-
sive movement a slipping acticn takes place he-
tween the ‘elements while the contacts remain
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closed. By this arrangement the contact mech-
anism is actuated immediately upon reversals of
the switching mechanism caused by tempera-
ture changes. The slip friction mechanism com-
prises generally a lever means including a pair
of identically shaped and oppositely disposed le-
ver arms 41 and 48 which are pivoted together
for movement about a pivot pin 48 which is
supported on the insulating plate 44. A second
pivot pin 59 connecting the lever arms 471 and
48 together passes through a movable element or
link 5i. The link member 51 is adapted to freely
rotate a limited amount about the pin 88 be-
tween the two lever arms and is provided with
an axial bore into which the operating shaft 11
loosely projects. The lever arms 47 and 48 are
connected together at one end by a pin B2 to
which one end of a tension spring 53 is con-
nected. 'The other end of spring 53 is connected

to a supporting bracket 54 suitably secured to

the bottom of casing 26 as shown. The fore-
going arrangement of elements is such that the
spring 53 normally exerts a pull upon the lower
end of levers &1 and 48 as viewed in Fig. 2 and

tends to urge the lever arms about pivot pin 49 o

so that the link 5i transmits this spring force
longitudinally to the operating shaft 17. The
shaft 171 as & result urges its shoulder against the
rear side of diaphragm {8 thereby bulging it
slightly outward at its center. From this ar-
rangement it is seen that the diaphragm (8 upon
being subjected to heat and as a result bowing
outward permits the lever arms A7 and 48 to
swing their upper ends in a clockwise direction
as viewed in Fig. 2 and upon a drop in tempera-
ture affecting the diaphragm 18 the diaphragm
forces the shaft 17 in a left hand direction to ro-
tate the lever arms 47 and 48 clockwise against
the action of the spring §3. Since the spring 53
maintains the foregoing elements under a con-
stant state of tension at the pivot points and
link members, it is seen that the possibility of
lost motion existing in the linkage is extremely
remote. All moving parts therefor are actuated
together simultaneously insuring the instan-
taneous reliable operation of the contact switch-
ing mechanism.

The slip friction mechanism proper includes a
relatively thin steel blade 85 pivoted at one end
to pin 49 and having a polished surface on both
sides which is in intimate contact with separate
graphite discs or blocks &6 and 56¢ arranged on
each side of the blade 55 as seen in Fig. 3. Bach
graphite disc 56 and 55¢ is held in position on
the blade 55 with tension by means of a thin
spring blade 57 and 57a respectively which is
supported at each end in oppositely disposed
slotted openings in each lever 47 and 48. In
order to adjust the degree of friction between
the friction discs 56 and 56a and the blade 55, an
adjusting screw 958 threads between the ends
of the léver arms 41 and 48. By turning this
screw the desired friction or compressive effort
of the friction discs upon the blade 55 is obtained.
The adjusting screw 858 is of sufficient length so
as to serve as a stop for the lever arms by en-
gaging the sides of a recess 59 formed in the in-
sulating plate &%. The adjusting screw 58 also
passes through one end of each spring blade 51
and 57a to hold it in position on the friction blocks
56 and 56a.

A switching arm 60 made of insulating mate-
rial is secured to the friction plate 55 by means
of rivets as shown. The switch arm 60 at its free
end carries a bracket arranged to support a:
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movable contact 62 stipported upon a thin press-
back spring blade 61, as shown. The movable
contact 62 is arranged in cooperative relation-
ship with a fixed contact 63 which in turn is
carried upon an angular metal bracket 64
attached to the insulating plate 44 by screws 65.
The bracket 64 has a slotted opening in its
turned up portion as seen in Fig. 4 through
which a reduced portion 66 of the switch arm 69
projects. 'This slotted opening serves as & guide
and slidable support for the end of the switch
arm 60. An adjusting and stop screw 61
threaded through a projecting end of the bracket
84 is adapted to engage one edge of the switch
arm 60 when the arm is in contact gpening posi-
tion. 'The adjusting screw 8T enables the switch
arm to be adjusted to operate with any desired
degree of movement. The bracket 64 is also
provided with a terminal screw 68 to which one
of the wires 35 is attached to establish a circuit
path for the fixed contact 63. A second bracket
69 is supported as shown to the insulating plate
44 and carries a terminal screw 18 for attachment
of the other connecting wire 35. The bracket 69
has a pig tail connection passing underneath the
insulating plate 44 and connecting with the
spring blade 61 of the movable contact §2. The
irregular shaped bracket because of its particular
construction serves for a multiplicity of purposes,;
it functions as a terminal screw support, a guide
for the switch arm 60, a support for the fixed
contact, and a support for the adjusting screw 67.

Operation

The combination control, including the ther-
mal responsive device 5 and the switching mech-
anism B, is arranged as a unitary structure sup-
ported as has been pointed out, upon the sides
of a cylindrical blast tube 10 of an oil burner in-
stallation T1 in the position indicated in Pig. 5.
The unit is supported in such a manner that the
opening (2 will be exposed and point into the
combustion chamber of a furnace indicated gen-
erally at 12. The flame T3 produced by the op-
eration of the burner 7! projects into the fire pot
of the furnace in the general manner indicated
and the opening 12 is so arranged that radiant
heat emanating from the flame can pass through
the opening 12 and impinge upen the front sur-
face of the diaphragm (8. The diaphragm i8 is
therefore so positioned in the assembly of the de-
vice as to be directly exposed to the temperature
of the Bame to which it is arranged to respond.
Tig. 2 shows the switching mechanism including
contacts 62 and 63 in their closed or “cold” posi-
tion and if the fire is now started by the burner
Ti in the well known manner, and combustion
is produced in the furnace 12, the diaphragm.
18 will rapidly become heated by radiant Heat-
from the flame and tend to expand. Circum-
ferential expansion of the diaphragm {8 is re-
stricted because of its intimate association with
the disc 20 which does not heat up as fast as the
diaphragm and which also expands a lesser
amount than the diaphragm even when heated
t0 the same temperature as the diaphragm. As
o result the center portion or apex of the dia-
phragm 18 bulges outwardly. This action takes
place almost immediately in respense to com-
bustion conditions in the furnace because the di-
aphragm is constructed of relatively thin mate-
rial and absorbs the heat instantly. The out-
ward movement of the apex of the diaphragm
18 permits the shaft 1T to follow this movement
due to the follow-up movement of the levers 47




4

and 48 caused by the tension of the coil spring
53. The spring 53 at all times maintains a rela-
tively close intimate relationship between the
levers 47 and 48, the rod {71 and the diaphragm
18 s0 that no lost motion can exist in the linkage.
Upon the initial movement of the levers 47 and
£8 about the pin 49 the friction blade 55 is caused
to effect a movement also about pivot pin 49 by
reason oi the force exerted upon the blade by the
friction discs 55 and %8a¢ which carry the blade
along when the levers are rotated. The switch
arm &8 is thereby swung in a clockwise direction
as viewed in Fig. 2 so that the normally closed
contacts 82 and 5% are immediately opened. The
action of opening the contacts 62 and 63 produces
a change in the circuit operating conditions of
the oil burner 7f in a manner well understood
in the art for permitting the burner to continue
to operate.

As the operating arm 88 rotates in 3 clockwise
direction after opening the contacts 82 and 63
it encounters the adjustable step screw 61. When
this point is reached further rotation of the
switch arm $3 and the friction blade 58 is halted
and the contacts remain in their open position.
The diaphragm {8 however nlgy continue to
buckie outward zs a consequence of greater ele-
vated temperatures to which it may be subjected
as the flame in the combustion chamber acquires
greater intensity. As a result the spring %3 con-
tinues {0 exert a pivoting movement of the lever
arms 47 and 48 about pivot pin 48. The friction
blocks B8 and 88¢ on each side of friction blade
§5 can now frictionally slip across the surface of
the blade 35 without causing further motion of
the blade 55 and without siraining any of the
mechanism. Since the movement of all of the
actuated elements is in a straight linear direction
due to their arrangement in substantially a uni-
tary plane, there can be no stresses set up in any
of the elements which may cause them to bend
or flex in any manner. The diaphragm {8 is
practically instantanesusly responsive to radiant
heat while the dise %7 arranged on the rear of
the diaphragm heing of a greater mass responds
somewhat at a slower rate and lags behind the
response of the diaphragm.

When the burner 71 is shut down or in the
event of combustion failure during a running

pericd, the flame 73 in the combustion chamber !

ceases t9 exist. The drop in temperature is im-
mediately manifested upon the diaphragm i8
which senses the reversal or change in tempera-
ture and because of its thinness begins to move

immediately to a substantially fat position, as ;:

shown in Fig, 1. This movement of the dia-
phragm {8 is psssed to the shaft {7 by means of
the washer 22 eangaging the rear of the dia-
phragm. The shaft 17 causes levers 47 and 48
to rotate against the tension of spring 53. The
initial movement of levers 47 and £8 causes the
friction klade 55 to move the switch arm 63 into
contact closing position away from stop screw
€7. Continued inward buckling of the dia-
phragm 18 causes the friction blacks 5% and 56a
to slip on the blade 55 after contacts 52 and 53
establish contact so that the mechanism can con-
tinue to move without straining the same.

In the event that the thermal responsive device
5 showld develop a defect, burn off or ecome af-
fected by any abnormsl cenditions the device is
arranged to move into a “fail safe” position. That
is. upcn the automatic operation of the burner
the device would operate under conticl cof the
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62 and 63 which would enable the burner Ti to
start, but upon the automatic stoppage of the
burner and the consequent extinguishment of the
flame in the burner, the diaphragm or associated
mechanism which is disabled, would fail to re-
store the contacts to their closed position with
the result that a lock-out condition would oc-
cur in the burner circuit in the well known man-
ner and prevent the further operation of the
burner. The device therefore is arranged to pro-
vide for this “fail safe” feature in a simple and
reliakle manner.

It is contemplated in the present structure that
the device may be utilized in a circuit arrange-
ment in which the contacts 62 and 63 may be
normally opened instead of closed as shown.
This may be accomplished by simply reversing
the position of the contacts and adjusting stop
screw 61. Under certain conditions an arrange-
ment of this type is desirable and o produce a
“fail safe” condition with this arrangement, sim-
ilar conditions would prevail as pointed out.

It is further contemplated that the unitary
structure comprising the thermal responsive de-
vice § and the slip friction mechanism § he
mmounted in other positions than the top of the
blast tube as illustrated in Fig. 5. For example
it may be mounted on the side of the blast iupe
{0 or any other position. Under these conditiong
and that in which it is shown in Fig. 5 the sloped
portion {2 on the casing 7 is arranged tc inter-
cept the radiant heat which emanates from the
edge of the flame within the burner. This por-
ticn of the flame does not produce & stable con-
diticti but wavers considerably and if it were
permitted to transmit its heat rays to the dia-
phragm (3 erratic operation may result. There-
fore the opsning 12 of the casing 5 is so arranged
as to point toward the most intense or most
stable portion of the flare in the combustion
chamber and parmit only the rays from this
portion of the fame to pass to the diephragm i8.

In the modified form of the inventicn illus-

trated in Figs. 6 to 11 inclusive a casing or hous-
ing 83 similar to that shown in Pig. 1 is pro-

vided for housing the switching mechanism. In
this form of the switching mechanism the ele-
ments comprising the same are constructed and
arrangsd in 2 somewhat different mannsr from
the elements of Fig, 1, but they function and
operate in a somewhat similar manner. Exitend-
ing outwardly from the casing 8% is o small tube
81, cne end of which is connected as shown in
Fig. 6 to the bottom of a cup-shaped member 82
arranged upon the wall of the casing 88, A
plate member 83 encloses the end of the cup
member 82. Both the cup member 82 and the °
plate 83 are fastened to the side wall of the cas-
ing 8% hy a plurality of screws 34, Arranged
within the casing §0 and having one eng sealed
against the outside wall of the cup member 82
is a condition responsive device shown in the
forr: of an expansible and contractible hellows
85. The other end of the bellows is connected
with a link member 8. The bellows 85 com-
municates with the tube i and may centain a
volatile gas or liquid having the properties of
expanding when subjected to elevated termpera-
tures. The bellows 85 when expandsd moves the
link member 85 in a left hand direction as viewed
in Fig. 6 and is adapted to rotaie a pair of bell
crank lever arms 87 and 88§ which are eonnected
by a pin 29 o the bellows link 85. The bell
crank arms 27 and 88 are pivoted for rctation
about a pin 98 which is supported hetween a pair
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of projecting bracket members 8l and 92 formed
in a supporting bracket member 93, the general
shape of which is more clearly seen in Fig. 7.
The supporting member 83 is s_upported in the
casing 80 by screws 84 and 95 passing through
opposite walls of the casing and into the sup-
porting member 83,

A coil tension spring §8 arranged within the
casing 80 has one end connected to the free ends
of both the bell crank arms 87 and 88 by means
of a pin 97, The other end of the tension spring
96 is connected to a bracket $8 held onto the
casing 89 by screw 84, The spring 93 is arranged
to exert its tension upon the free end of the bell
crank arms and normally urge them about pivot
80 against the vapor tension of the bellows 83
so as to function as a restoring force for the bell
crank arms when the bellows is contracted. The
spring also functions to eliminate any lost motion
at any of the pivot points.

A friction spring blade §80 in the form of a
thin leaf spring having a polished surface i3
loosely pivoted upon the pin 88 and arranged
between the bell crank arms 87 and 88. Ar-
ranged for sliding frictional contact with the
friction blade 89 is a pair of friction elements
or pblocks 184 and 192 arranged on opposite sides
of the friction blade. The friction blocks (8!
and £52 are held in resilient intimate engage-
ment with the friction blade i3 by means of
leaf springs 83 and 104 engaging. the friction
blocks as shown in Tig. 8. One end of the leaf
springs (63 and 104 is rigidly secured to the
respective bell crank arms 87 and 83 while the
opposite end extends through slotted openings
in the free end of the bell crank arms. In order
to adjust the correct amount of tension and
therefore the frictional engagement of the fric-
tion blocks with the friction blade, an adjusting
screw 185 is threaded through the ends of the
bell erank arms 87 and 83 and passes through
the free end of the leaf springs 103 and 184 to
nhold them in position. A switch arm 18§ pref-
erably made of insulating material is riveted as
shown to the friction blade 188 and projects out-
wardly therefrom.

All of the foregoing elements are arranged
within the casing 23 in a position below a flat
insulating plate 87 which is supported in spaced
relation from the bottom of the casing by means
of a pair of studs €8 and screws 189 passing
through the plate 18T and into the studs 108 at
one side of the plate, while the opposite side is
supported on top of the supoorting member 3
by a pair of screws {10 and {11 as seen in Fig. 6.
Supported on the bottom side of insulating plate
{07 is a contact bracket 1£2 of irregular shape
having a number of extensions formed thereon.
This bracket {12 is supported by screws {13 and
114 from the plate 167, A projecting portion of
the bracket $12 is provided with & slot through
which an end 15 of switch arm 185 projects.
This slot serves for the purpose of guiding and
slidably supporting this switch arm at its end.
Another projecting portion of bracket 12 carries
o fixed contact point {i8. Fixed contact 116
engages 2 movable contact 117 which is carried
upon the free end of a press back spring 118 In
turn supported from a hracket 119 arranged on
switeh arm 18§ as shown. The opposite end of
pbracket 119 is adapted to engage an adjustable
stop screw 128 carried from a projecting portion
of bracket 112. The screw 120 serves as a stop
for the switch arm 108 when it moves {rom one
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position to another to open the contacts 116 and
1T,

Arranged upon the top side of insulating plate
{87 is a pair of terminal plates 121 and 122 which
are supported on the plate 187 by means of sCrews
123 and 124 respectively. Wire attaching screws
{95 and i26 carried by terminal plates 121 and
122 serve for the attachment of the connecting
wires 121 which pass into the casing §0 through
o rubber grommet 128. An enclosing cover 128
for the mechanism within the casing 88 is held
on the casing by means of removable screw 130
threading into the supporting member §3.

The means for operating the switching mech-
anism in this modified form of the invention
differs from the thermal element 5 of Fig. 1 in
that no positive mechanical connection between
the combustion responsive device and the switch-
ing mechanism exists. The usual gun-type of
pburner {31 illustrated diagrammatically in Fig.
10 is shown arranged with its blast tube project-
ing through the body of the furnace 132 and the
switching mechanism casing 80 is preferably
mounted in close proximity to the burner 131,
The condition responsive element is here shown
in the form of a ring shaped bulb 123 sealed at
one end and connected at the other end with the
tube 81, The bulb £33 may be filled with a tem-
perature responsive gas or fluid, The bulb 183
is positioned and encircles the end of the blast
tube (3% of the burner in a position within the
furnace 132, It isheld on the blast tube by means
of a metal strap (34, the ends of which are
clamped together by @ bolt 135. A number of
clips 138 formed in the strap {24 support the
bulb £33 in position within the furnace 132 so as
o be subjected to the flame (37 when the burner
is operating.

Opereation

In the operation of this modified form of the
invention the contacts {16 and 117 are normally
in their closed position and upon establishment
of combustion conditions by the burner 131
within the furnace 132 the heat from the flame
127 causes the vapor within the bulb 133 to
expand. The expansion of the vapor manifests
itself through the tube 8! within the bellows 85
causing an expansion of the same. With this
arrangement the connecting tube 81 may be of
an indefinite length and therefore the casing 80
containing the switching mechanism may be po-
sitioned at any desired remote point from the
thermal element 183 or at a location where the
heat of the furnace would not have any effect
upon the switching mechanism. The expansion
of the bellows §5 causes the link member 86 to
move in a.left hand direction as viewed in Fig. 6,
causing the bell crank arms 87 and 88 to rotate
counterclockwise against the tension of spring 96
and about the pivot pin 90. TUpon the initial
rotation of the hell crank arms the slip friction
blocks 6! and 82 exert sufficient frictional
tension upon the friction blade (80 to carry it
along, thereby effecting a movement of the switch
arm §86 and immediately opening the contacts
{16 and 117, As the bellows 85 expands further
the switch arm {28 eventually engages its bracket
{16 with the adjustable stop screw (20, When
this point is reached further motion of the switch
arm 186 is halted. The friction blocks 101 and
183 are thereby caused to slip along the friction
biade 180. The bellows thereby can continue to
expand without building up stresses in any of
the elements. The amount of frictional effort of
the friction blocks upon the friction blade is
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readily adjusted by means of the screw 105, It
will be observed that the motion of the bell crank
arms 81 and 88, the friction blade 188, and the
switch arm (03 takes place in a linear direction
and all elements are operated in the same com-
mon flat plane. This prevents any strain upon
the mechanism and eliminates lost motion caused
by pulling or bending of the elements. In addi-
tion, all of the elements are supported in a pro-
tected position below the insulating plate 187.
Upon the cessation of combustion conditions
within the furnace the thermal element {33 cools
off resulting in the contraction of the bellows 85.
The coil spring 8§ immediately takes over the
function of restoring the elements to their “cold”
positicn. Upon the initial movement of the
crank arms the friction blocks carry along the
friction blade {68 and move the switch arm {906
out of engagement with the stop screw 120,

Upon the closure of contacts {16 and tIT the o

motion of switch arm 105 and friction blade 100
is halted and the friction blocks slip on the blade
180 as the bellows 85 continues to collapse.

From the foregoing it is perceived that the im-
proved slip friction mechanism in combination
with the associated thermal responsive means is
of simple construction, reliahle in operation and
is arranged to safeguard the operation of a burn-
er in a reliable manner. By combining the
switching mechanism § with a thermal element
into a single unitary structure ss illustrated in
Figs. 1 to 5, or remotely associating the switch-
ing mechanism 6 with the thermal element as
illustrated in the modified form of the inven-
ticn, a reduction in the wiring and installation
cost is effected as well as 3 simplification of the
testing, assembling, and matching of the units.

While a preferred form of the invention is
illustrated as well as a modified form, it is con-
templated that various modifications of the same
may be made without departing from the general
spirit of the invention, and it is therefore to be
understood that the invention is not limited to
the precise construction illustrated and described
hut only by the scope of the appended claims.

What is claimed is:

1. In a switching mechanism, in combination,
a condition responsive element, a supporting base,
a lever arm on said base actuated to one posi-
tion by said condition responsive element, spring
means on said base for restoring said Iever arm
after having been actuated, a friction blade piv-
oted to said base independently of said lever
arm and having a limited movement on said base,
slip friction means connecting said friction blade
and said lever arm, and control means on the
base operated by the movement of said friction
blade.

2. In a switching mechanism, in combination,
a condition responsive element, g supporting
base, a lever arm and a friction blade independ-
enly pivoted upon said base, slip friction means
connecting said friction blade and said lever
arm, means connecting said condition responsive
element with said lever arm for causing said
friction blade to be operated to one position
through said slip friction means when the con-
dition responsive element moves in one direction,
means on said base connected to said lever arm
for causing said friction blade to be operated to
another position through said slip friction means
when the condition responsive element moves in
another direction, and control means operated
differently by said friction blade in each of its
positions.
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3. In a flame detecting control mechanism, the
combination of, a plate-like member adapted to
receive radiant heat from the flame, confining
means associated with opposite edges of said
rember for causing said member to buckle when
heated, a lever, direct connecting means between
said lever and member, a spring for biasing said
lever and member in one direction, said spring
determining the direction in which the member
buckles when heated and taking up lost motion
between the parts, a friction blade, slip friction
means connecting said friction blade with said
lever, and control mechanism actuated by said
friction blade.

4. In a control mechanism, in combination, a
condition responsive element, a lever arm con-
nected thereto, a pivot about which said lever
arm Is rotated by said condition responsive ele-
ment, a friction blade independently rotatable
about said pivot, a control arm carried by said
friction blade, stops for said control arm, slip
friction means arranged between said friction
blade and said lever arm wherehy said control
arm is operated by the movement of said lever
arm until the stops are encountered, said lever
arm, said friction blade and said control arm
all arranged in a common plane for pivotal
movement about said pivot.

5. In a control mechanism, in combination, a
condition responsive element, a lever arm con-
nected thereto and operable thereby, a friction
blade, a control arm carried by said friction
blade, slip friction means arranged between said
friction blade and said lever arm, and a com-
mon pivot point for said lever arm and said
friction blade about which said slip friction is
operated and said control arm is actuated, said
lever arm said friction blade and said control
arm all arranged in a common operating plane,
and control means operated by said control arm.

6. In a control mechanism, in combination, a
condition responsive means, a lever arm operable
thereby, pivot means arranged between the ends
of said lever arm and about which said lever arm
is rotated, biasing means on one end of said
lever arm for restoring the lever arm after hav-
ing been operated by said condition responsive
means, a slip friction means arranged at the
other end of said lever arm, a friction blade co-
operating with said slip friction means and in-
dependently rotatable about said pivot means, a
control arm connected to said friction blade and
operated thereby, and control means actuated
by the operation of said control arm, said lever
arm said friction blade and said control arm all
arranged in a common operating plane rotatable
about said pivot means,

7. In g slip friction control mechanism, a lever
arm, means for pivoting said lever arm for rota-
tion, a friction blade pivoted to said pivoting
means for independent rotation thereabout, slip
friction means arranged on said lever arm, resil-
ient means on said lever arm for resiliently en-
gaging said slip friction means with said friction
blade, means on said lever arm for adjusting
the degree of frictional engagement of the slip
friction means with the friction blade, stops
for limiting the rotation of said friction blade,
and contrcl means actuated by said friction
blade.

8. In a glip friction control mechanism, a le-
Ver means comprising a pair of oppositely dis-
posed lever arms, pivot means arranged between
the ends of said arms and about which said lever
arms are rotated, a friction blade pivoted to said
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pivot means and having & portion arranged be-
tween said lever arms, slip friction means ar-
ranged upon each of said lever arms and en-
gaging said friction blade, means on each arm
engaging said slip friction means for resiliently
holding said slip friction means against the fric-
tion blade, adjusting means between said lever
arms for adjusting the degree of friction with
which said slip friction means engages said fric-
tion blade, and a control device actuated by said
friction blade.

9. In a slip friction control mechanism com-
prising, in combination, a condition responsive
element, a linearly movable shaft actuated there-
by, a base, a lever arm pivoted to said base and
rotated by said movable shaft, a friction blade
pivoted to said base, gaid lever arm comprising
two portions thereof between which said friction
blade is arranged, friction means on said lever
arm engaging opposite sides of said friction
blade, means on said lever arm for resiliently
holding said friction means in engagement with
said friction blade, stops on the base for limit-
ing the rotation of said friction blade, said lever
arm arranged to slip said friction means across
the surface of said friction blade after the fric-
tion blade encounters one of said stops, and &
control arm connected to said friction blade and
operated by the movement thereof, said lever
arm, said friction blade, said control arm, said
movable shaft and said slip friction means all
arranged to operate in a single common plane
upon said base.

10. In a control mechanism, in combination,
a condition responsive element, a rotatable lever
arm, a pivot pin on sald lever arm to which said
condition responsive element is connected, a
supporting base, a pivot pin for said lever arm
mounted on said supporting base and about
which said lever arm is rotated hy said condition
responsive element, & friction blade pivoted to
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said last mentioned pivot pin, slip friction means ..

arranged upon one end of said lever arm and en-
gaging said friction plade for operating the same,
a spring connected to the opposite end of said
lever arm for rotating said lever arm back to its
initial position after having been operated by
said condition responsive element, and control

means actuated by the movement of said friction )

hlade.

11. In a control mechanism, in combination,
a condition responsive element, a rotatable lever
arm, a pivot pin arranged between the ends of
said lever arm and to which said condition re-
sponsive element is connected, a second pivot pin
arranged between the ends of said lever arm for
supporting said lever arm upon the base for
movement by said condition responsive element,
a spring connected to said lever arm at a point
remote from said second pivot pin, slip friction
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means carried by said lever arm at a point re-
mote from said second pivot pin, a friction blade
having one portion engaged by said slip friction
means and another portion connected to said
second pivot pin for rofation thereabout, and a
control arm supported by said friction blade and
operable thereby.

12. In a switching mechanism, a ‘supporting
plate, a switch arm pivoted for movement on
said supporting plate, an angular shaped bracket
supported upon said plate and having a plu-
rality of projections formed thereon, means oi a
first one of said projections for supporfing and
guiding the free end of said switch arm, means
on a second one of said projections for adjustably
limiting the movement of said switch arm, con-
tact means on a third one of said projections ac-
tuated by said switch arm, and wire terminal
connecting means for said contact on a fourth
cne of said projections.

13. In & control mechanism, in combination, a
lever, a fixed pivot for said lever, condition re-
sponsive means for rocking the lever about said
pivot upon change in the condition to which the
condition responsive means responds, a friction
blade independently pivoted upon said pivot ad-
jacent said lever, control means operated by said
friction blade between predetermined limits of
movement, and slip friction means carried by
said lever and engaging said friction blade, said
slip friction means tending to cause rocking of
the friction blade about said pivot upon rocking
of the lever about said pivot.

14. In a fAame detecting switching mechanism,
the combination of, a plate-like member adapted
to receive radiont heat from the flame, confining
means associated with opposite edges of said
member for causing the member to buckle when
heated, a movable member, connecting means
between said movable member and said plate-like
member for transmitting all buckling or un-
buckling movement of said plate-like member to
said movable member whereby the movable
member assumes varicus positions correspond-
ing to various positions of said plate-like mem-
ber, said connecting means including a spring
for positively biasing said movable member and
plate-like member in one direction to determine
the direction in which the plate-like member
puckles when heated and for taking up
lost motion between the parts, 2 second. mov-
able member, control mechanism operated
by said second movable member, and slip
friction means interposed between said first and
second movable members, said slip friction
means being separate from and independent of
said spring whereby the tension of said spring
does not affect the action of said slip friction
means.
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