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My invéntion relates to safety control mecha-
nism and has for an important object the pro-
vision of improvements for insurirnig safe opera-
tion of electric circuit controlling mechanism,

&

though nof necessarily limited thereto.
Details of. the construction and operation of
one embodiment of my invention as incorporated

in a flame responsive mechanism for an elec--

13 trically operated fluid fuel burner apparatus are
herein described in full; clear, concise and exact
terms. It is to be understood, however, that my
invention is not limited to the details of the
construction and application of the specific

15 mechanism herein illustrated and described
since such details are set forth only for the
purpose of insuring a thorough understanding
of the principles underlying the invention in
order that one skilled in the art may perceive

<9 other applications to which the improved mech-
anism is suited and may properly adapt the
mechanism to various conditions of operation.

A specific object of my invention is the pro-

vision of improvements in certain aspects of the

¢; safety switch mechanism disclosed and claimed

in the copending application of John G. Wem-

ple, Serial No. 5,623, filed February 8, 1935, which

application is assigned to the assignee of the
present invention. )

20 Other objects of my invention will become
evident from the following description taken in

conjunction with the accompanying drawing in .

which Fig. 1 shows the construction of a thermal
responsive electric circuit controlling device in-
o5 corporating my invention; Fig. 2 is an end view
of the device {llustrated in Fig. 1 and shows
more in detall the construction of my improved
friction clutch; Fig. 3 is a detailed view of cer-
tain features of the device of Fig. 1, and Fig. 4

particularly of the thermal responsive type al--

43 is 'a diagrammatic illustration of the manner

of incorporating my invention in the circuit con-
trolling mechanism of an electrically operated
fluid fuel burner apparatus.
Referring to Fig. 4, numeral 18 designates a
45 vertical type boiler furnace having a combustion
chamber Il in the top of which is an opening
for the seating of a burner head unit 12 provided
with a fuel and air nozzle I3 and ignition elec-
trodes 4. Fuel atomizing air and primary com-

50 bustion air are supplied under proper pressures '

to> the nozzle 13 by a combined blower com-
pressor unit ‘{8 which is energized from the elec-
tric supply circuit 18 through the automatic con-
trol apparatus represented at 11. [(8:designates
55 & room thermostat for initiating operation of

|

the control apparatus. Detalls of the structure
and arrangement of the elements of the burner
and control apparatus above referred to may be
had by reference to the following copending ap-
plications: H. 8. Woodruff, Serial No. 676,651,
filed June 20, 1933, for the boiler furnace 10;
W. O. Lum and J. Eaton, Serial No. 691,320,
filed September 28, 1933, for the burner head 12;
W. O. Lum, Serial No. 553,119, filed July 25, 1931,
and Serial No. 737,063, filed July 26, 1934, for
the blower compressor unit 1§; John Eaton, Se-

" rial No. 735,103, filed July 14, 1934, for the con-

trol. apparatus 171, and W. N. Mischler, Serial
No. 715,631, flled March 15, 1934, for the room
thermostat (8, all of which above enumerated
applications are assigned to the assignee of the
present invention. A sufficient description of

‘the operation of the burner and control appa-

ratus above identified will be given hereinafter
for a proper understanding of the present in-
vention. It is to be understood, however, that
the present invention is not limited by the de-
tails of the specific apparatus herein illustrated
since such details are included herein only for
the purpose of making clear the construction,
application and advantages of my improved
safety mechanism.

A thermal responsive control switch mecha-
nism embodying my present invention is indi-
cated at {9 and the details thereof are shown
in'Figs. 1 and 2. The supporting framework
for the mechanism comprises a hollow tubular
member 20 having mounted at the top thereof
a U-shaped member 21 with Jegs 22 and 23 upon
which are rigidly mounted side arms 24 and 28,
respectively, which side arms extend outwardly
from the legs of the U-shaped member at ap-
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proximately right angles to the tubular member. *

The side arms are in spaced apart horizontally
opposed relation to each-other and the upper
portion of side arm 24 is bent inwardly to pro-

40

vide a flange 28 while the lower portion of the -

side arm 25 is bent inwardly to provide a
flange 21. .

On the flanges 28 and 27, which are in spaced
apart vertically opposed relation to- each other,
are provided the main circuit controlling means,
the function of which will be pointed out herein-
after. An electric contact 38 is mounted on the
lower flange 27 and has a connection terminal
31 in conductive relation therewith, the contact
and the terminal being insulated from the flange
upon which they are mounted by means of insu-
lation washer 32 and insulation plate 33 A sec-
ond connection terminal is indicated by the nu-
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‘washers 37 and 38.

- edjusting nut 44,

'

meral 34 and is mounted on the plate 33 in
spaced relation to the terminal 3. A second
contact 35 is mounted on flange 26 and has a
connection terminal 36 in conductive relation
therewith, these last two elements being insu-
lated from the flange 26 by means of insulation
Spacing between contacts
30 and 35 is adjusted by means of screw 40

which - is rigidly mounted on ‘the flange 26 and .

extends through an opening in the flange 27
with the outer end thereof provided with an
The desired spacing is fix-
edly maintained by means of lock nut 42.

A movable contact element 43 mounted upon

contact bar 44 is arranged for movement he--

tween the fixed contacts 30.and 35 which serve
to limit the movement of the contact element
in each direction. Numerals 45, 46 and 47

designate electric conductors which are fastened

to terminals 31, 34 and 36 respectively and serve
as means for connecting the main circuit con-

- trolling contacts 36, 43 and 35 respectively in
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circuit with the control apparatus (7.

Fig. 2 illustrates in detail the construction of
the switch arm employed for operating the con-
tact element 43 between the fixed contacts 30
and 35. The switch arm is made up of two sec-
tions which are relatively movable with respect
to each other. One of the sections comprises a

pair of lever arms 50 mounted for rotation about _

a pivot pin 51 which is supported by and ex-
tends between the legs 22 and 23 of the U-shaped
member 21, The lever arms extend outwardly
from the pivot in opposed side by side relation
to each other and are rigidly braced apart by
means of flanges 52 which extend inwardly from
the lever arms and are joined together inter-
mediate the arms. Inwardly facing cup-shaped
recesses 83 are provided on the free ends of the
lever arms and in opposing relation to each other.
It is preferable though not necessary that these
recesses be substantially conical in form. Ex-

" tending between the lever arms and mounted

thereon coaxially of the recesses 53 is a pivot
pin 54 which in addition to the functions to be
related hereinafter, has the function of aiding
in bracing the free ends of the lever arms in
rigid spaced apart relation.

The second section of the switch arm com-
prises a pair of members 55 and 56 constructed
of molded insulation material and having flat
extensions 57 and 58 on the respective ends
thereof, which extensions are joined by means of
a2 pivot pin 60 extending therethrough and
fastened securely to the extension 58. This con-

struction provides for rotatmn of the members -

55 and 56 about the pin ‘60 into side by side
relation with each other. At points on the mem-
bers 56 and 56 equally remote frem the pin 60 are
outwardly facing spherical shaped bosses 61 and
62 which are designed to fit into the inwardly
facing recesses 53 of lever arms 50.- Bosses 6
and 62 are centrally drilled in order that the
members 55 and 56 may be pivotally mounted
upon the pin 54 extending between the lever arms
50. The inner faces of the members 55 and 56
are provided with recesses 63 to receive the ends
of compression spring 64 which surrounds the
pin 54. The ends of the members 55 and 56
remote from their pivotal junction are not joined
so that spring 64 is effective to force the mem-
bers apart and thereby to force the outer bear-
ing surfaces of the bosses 61 and 62 into inti-
mate frictional engagement with the inner bear-
ing surfaces of the recesses 53. :
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As a result of the improved swifch arm con-
struction described in the immediately preceding
paragraphs, there is secured a high degree of
structural rigidity with improved uniformity of

action of the yieldable connection between the

sections of the switch arm. The braced double
arm construction of the first section prevents side
play or movement of that section in any direc-
tion other than in planes perpendicular to the
pivot §1, while the two-member construction of
the second section and the manner of joining
the same to the first section insures against re-
lated movement between the sections in any di-
rection other than in planes perpendicular to
the pivot 54. Furthermore, the pressure of the
spring 64 required to maintain proper relation
between the two sections of the arm is less than
that which would be required if each section of
the arm combined only a single member, and,
therefore, greater uniformity and smoothness of
action of the friction clutch connection is as-
sured with less danger of sticking due to exces-
sive temperatures or the presence of dirt be-
tween the bearing surfaces of the clutch.

On top of the member 55 adjacent the ex-
tension end 57 thereof ‘is provided a metallic
knife-edge pivot 63 to serve as a mounting for
the contact arm 44 which is provided with a
bearing seat 66 for engagement with the knife-
edge pivot. The free end of the member 5% is

7 provided with a stop screw 67 having its head

sufficiently spaced from the member 55 to pro-
vide for a limited rotation cof the arm 44 rela-
tive to the member 55 about the pivot. 65. Bar
44 has an opening on the opposite side of the
pivot 65 from the stop screw 87 for the passage
therethrough of an extended portion of the pin

60 which joins the members 55 and 56 together..

This pin 60 is provided at its outer end with a
head 70 against which abuts one end of a com-
pression spring 71 mounted on the pin with the
other end thereof pressing against bar 44 and
normally operative: to rotate the bar about the
pivot 65 to force the free end of the bar into
engagement with the stop screw 61.

Knife-edge pivot 65 is provided with a metallic
mounting plate 72 having an electric connection
terminal 713 to which one end of a flexible lead
14 is connected. The other end of lead 18 is
fastened to terminal 34. It will thus be seen
that pivot 65 and seat 66 serve as auxiliary con-
tacts for opening and closing the circuit to con-

tact element 43 from electric conductor 46, the-

circuit also including contact bar 44, plate 12,
termina] 13. flexible lead 74 and terminal 38.

In the embodiment of my invention herein il-
lustrated the operating means for the improved

switching mechanism comprises a thermal re-

sponsive device the details of which are shown
for purposes of.illustration only since it will be
evident to one skilled in the art that the switch-
ing mechanism is adapted for use with other
forms of operating means with equal facility
and advantages. The thermal responsive device
illustrated comprises a hollow tube 15 of some
material having 2 high coefficient of expansion,
such as nichrome, which is joined in any suit-
able manner, such as by means of a screw con-
nection diagrammatically illustrated at 16, to
the lower end of the tube 20 which forms part
of the supporting framewurk for the switching
mechanism. Within the tube 75 is disposed a
rod of substantially non-expansible material,
such as quartz, which has one end in abutting
engagement with the closed end of the tube 715.
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Within the hollow tube 20 is a thrust rod T8
having one end in abutting engagement with the
free end of the rod 11 and having on its other

-end an adjustable thrust point 80. The lower

end of the element 81 which serves to join the
bracing flanges 52 of the lever arms 50 is pro-

‘vided' with a bearing seat 82 for the accommo-

dation of the thrust point.

Numeral 83 designates a tension spring hav-
ing one end fastened to a pin 84 which extends
between the two lever arms §0. The other end

‘of the tension spring is secured to a clip 88

mounted on the supporting tube 20 of the frame-
work. This tension spring acts as a biasing
means tending at all times to rotate the lever
arms 88 in a clockwise direction, as viewed in
Fig. 1, in opposition to the force exerted by the
thrust point 80 against the seat 82.

The supporting framework of the switching
mechanism is mounted in any suitable manner,
as by means of bracket 88 diagrammatically il-
lustrated in Fig. 4, so that supporting tube 20 ex-
tends vertically downward with the heat éxpan-~
sible casing 15 in position to be subjected fo the
heat of combustion of the fuel discharged from

" nozzle 13.
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In operation, the control apparatus 1T is nor-
mally effective, when the burner apparatus is
not in operation, to establish proper starting con-
nections preparatory to initiation of operation of
the burner apparatus as described in detail in
my previously referred to application, Serial No.
735,103. Under these conditions, there being no
flame within the combustion chamber of the
furnace, the casing 15 of the thermal responsive
device is in its contracted state causing the quartz
rod 1T and the thrust rod 18 to be thrust up-
wardly so that the thrust point 80 is forced
against the bearing seat 82 thereby tending to
produce rotation of the lever arms 50 in a coun-
ter-clockwise direction, as viewed in Pig. 1.
Consequently, bar 44 is forced upwardly so that
contact element 43 is: maintained in abutting
engagement with stationary “cold” contact 35,
and the bearing seat 68 of the bar is maintained
in engagement with the knife-edge pivot 85 so
that- the bar is rotated in a clockwise direction
until the free end thereof engages the head of
stop screw' 81. Under these conditions the cir-
cuit is closed from control apparatus {1 through
conductor 47, terminal 36, contact 35, contact
element 43, bar &4, bearing seat 66, knife-edge
pivot 68, plate 12, terminal 13, flexible lead T4,
terminal 34 and conductor 46 back to the control
apparatus 7.

In response to a call for heat by the thermostat

- 18, control apparatus 17 is energized from sup-

60

ply circuit 16 and functions, as set forth in my
above identified copending application, to effect
starting up of the blower compressor 15 and
energization of the electrodes 14 whereby fuel

and air are supplied to the nozzle (3-of the burn--
er head 12 and ignited to produce flame in the

combustion chamber 11 of the furnace (0. Upon
initiation of flame in the combustion chamber,

the casing 715 of the thermal responsive device’

. expands and the force exerted by the quartz rod

717 and thrust rod 18 in opposition to the action
of the biasing spring 83.is decreased in accord-
ance with increase in the temperature of com-
bustion. Consequently, spring 83 becomes effec-
tive to produce rotation of lever arms 50 in a
clockwise direction, as viewed in Fig. 1, about
pivot pin §1. Members 8§ and 86 also rotate in

3

a clockwise direction, as a8 unit with lever arms
50, since relative movement between the two
sections of the switch arm is prevented by the
frictional engagement of the clutch connection
bearing surfaces. Contact bar 44 rotates in a
ciockwise direction as a unit with member 55, the
action of spring 71 being effective to maintain

‘the auxiliary contacts 65 and 66 together and

the end of the bar &4 in engagement with the
head of the stop screw 67.

My improved switching mechanism can be ad-
justed easily by one, skilled in the art so that
a minimum of incréase in temperature in the
combustion chamber is effective to produce suf-
ficient clockwise rotation of the switch arm to

[+

10

move contact element 43 from abutting engage-

ment with the fixed “cold” contact 38 into abut-
ting engagement with the fixed “hot” contact
30, thereby completing the electric circuit from
control apparatus §T through conductor 45, ter-
minal 81, contact 38, contact element 43, bar
44, auxiliary contacts 68 and 66, plate 12, ter-
minal 13, flexible lead 74, terminal 34 and con-
ductor 46 back to control apparatus IT to es-
tablish proper running connections for continu-
ation of the operation of the fuel burner appa-

20

ratus as set forth in my previously referred to .

copending application.

Initial engagement of contact element 43 and
contact 30 is followed by a slight wiping action
therebetween as the two sections of the switch

30

arm continue to rotate in a clockwise direction -

as & unit and spring Tl is slightly compressed
to permit rotation of contact bar 44 in a counter-
clockwise direction about the knife-edge pivot 65
so that the free end of the contact bar is moved
from engagement with the head of the stop screw
67 into engagement with the top of member 55.

‘With normal friction between the bearing sur-
faces of the clutch connection, continued heating
of the tube 15 of the thermal responsive device
and consequent lowering of the thrust point 80
results in continued rotation of the lever arms
50 in a clockwise direction about the pin 51 under
the influence of tension spring 83. The forces
exerted by the springs 64 and Tl are such with
relation to each other that, under normal oper-
ating conditions, the spring Tl maintains the
auxiliary contacts 65 and 66 in engagement after
engagement of contact element 43 with contact
30, and the friction clutch connection between
the two sections of the switch arm yields to per-
mit relative movement between the two sections.
In other words, the switci arm in effect breaks
in the middle and the left-hand section thereof
comprising lever arms 50 continues to rotate in
a clockwise direction while the right-hand sec-
tion thereof, comprising members 55 and 56, is
forced to rotate in a counter-clockwise direction,
with respect to the left-hand section,. about the
pin 54,

Upon cessation of combustion in the chamber
{1 of the furnace due to shutting down of the
burner apparatus in response to satisfaction of
the thermostat 18, the casing 15 of the thermal
responsive device contracts and the force exerted.
by the thrust point 80 to rotate the lever arms
50 in a counter-clockwise direction, in opposition

to the force exerted by the spring 83, increases-

substantially inversely in proportion to the de-
crease in temperature in the combustion cham-
ber. - In operation the switching mechanism is so
adjusted that a predetermined small tempera-
ture decrease results in sufficient counter-clock-

‘wise rotation of the lever arms §8 to effect move-
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ment of the contact element 43 from abutting
engagement with confact 36 into abutting en-
gagement with contact 35, thereby reestablishing
the starting connections for the fuel burner appa-
ratus. During the reverse movement of the lever

arms 90, that is movement of the arms in the

counter-clockwise direction, the two sections of
the switch arm at first are constrained to move
as a unit by means of the friction clutch con-
nection therebetween until the contact element
43 is prevented from further movement in the
counter-clockwise direction by the fixed contact

" 35. Thereafter upon continued decrease in tem-

15

perature within the combustion chamber with

consequent continued rotation of the lever arms
50 in the counter-clockwise direction, the friction

“clutch connection yields to afford relative move-

ment between the two sections and thereby con-

E tact element 43 is maintained in engagement with
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contact 35. Thus it will be seen that under nor-
mal operating conditions the switching mecha-
nism provides for operation of the main circuit
controlling contact. element 43 from engagement

with one of the fixed contacts into engagement

with the other of the fixed contacts upon initia-
tion of a change in temperature in the combus-
tion chamber in either direction following a
change in temperature in the opposite direction,
and also provides for maintaining the contact
element 43 in engagement with either of the fixed
contacts upon continuation of the temperature
change which initially produced engagement of
the contacet element with the particular fixed con-
tact. Furthermecre, the pivotal mounting of the
contact bar 44 on the member 55 with provision
for a slight relative motion between the two re-
sults in a maximum wiping action upon engage-
ment of contact element 43 with contact 30 and
a minimum of wiping .action upon engagement
of contact element 43 with contact 35. This dif-
ference in wiping action is a highly advantageous
feature of my improved .switching mechanism

since, as will be understood by one skilled in the.

art, it is desirable to have a more rapid disen-
gagement of the “cold” contacts upon initiation
of an increase in temperature than is the case
with the “hot” contacts upon initiation of a
decrease in temperature.

One of the important safety features of my

improved switching mechanism resides in the fact -

that if, at any time during rotation of the lever
arms 50 in the clockwise direction after engage-
ment between contact element 43 and contact
30, the friction clutch connection between the
two sections of the switch arm fails to permit

relative movement between the two sections as -

it should normally do under such circumstances,
brovision is made for completely shutting down
the fuel burner apparatus. Such failure of the
clutch connections to permit the relative move-
ment ‘may result either from excessive temper-
ature of the elements comprising the clutch con-
nnections or from fouling or corrosion of the bear-
ing surfaces of the clutch. Such sticking of the
clutch connections at a time when they. should
yvield to permit relative movement between the
sections of the switch arm would be detrimental
and even dangerous. In my improved mecha-
nism, such sticking of the clutch connections
upon continued movement of the lever arms 50
in a clockwise direction due to heating of the
nichrome tube 15 or other reasons, causes the
two sections of the switch arm to move as a unit
while contact element &3 is restrained from fur-

ther movement in the clockwise direction by the

2,097,319

fixed contact 30. Under these conditions the com-
pression spring 71 yields to permit disengagement
of the auxiliary contacts 65 and 66, thus inter-

rupting the electric circuit to the main ecircuit -

controlling contact element 43 to effect deener-
gization of the control circuit for the fuel burner
apparatus, .

A similar disengagement of the auxiliary con-
tacts 65 and 66 occurs in case of continuation of
the clockwise movement of the lever arms 59 past
a predetermined limit. Such excessive movement
of the lever arms 50 may result from either an
excessive expansion of the casing 75 or breakage
of a portion of the thermal responsive device, suci.
as the casing 15 or the quartz rod 17, which would
produce unopposed clockwise movement of the
lever arms under the influence of spring 83. The
operation of the mechanism under such condi-
tions is illustrated in Fig. 3. If, after engage-
Iment of contact element 43 with contact 30, the
lever arms 50 continue to rotate in a clockwise

“direction past a predetermined limit while the

clutch connections permit relative movement be-
tween the two sections of the switch.arm, the
free ends of the members 55 and 56 engage the

10

15

20

25

pin 84 which extends between the two lever arms -

80. 'This prevents further relative movement be-

tween -the two sections of the switch arm and
constrains members 55 and 56 to move as a .unit

- with lever arms 50. The resultant operation is

the same as that which occurs if the clutch con-
nections stick and prevent relative movement be-
tween the two sections of the switch arm, which is
that the spring 71 is compressed and the auxiliary
contacts 68 and 66 are disengaged as shown in
Fig. 3. :

As will be evident from the foregoing discus-
sion, proper operation of the safety mechanism

30

35

depends chiefly upon the relative forces exerted -

by the two springs 64 and 71. Spring Tf is so
selected that the force exerted thereby is suffi-
cient to maintain engagement between auxiliary
contacts 65 and 66 after engagement of contact
element 43 with contact 30 so long as the clutch
connections between the two sections of the switch
arm function properly under the influence of
spring 64 to afford relative motion between the
two sections of the switch arm. On the other
hand, the strength of the spring 7! should be
such that it will permit disengagement of the
auxiliary contacts 65 and 66 if the frictional force
exerted by the clutch connections in opposition
to relative motion between the sections of the
switch arm exceeds a predetermined amcunt for
any reason or if such relative movement is com-
pletely prevented as by engagement of the free
ends of the members 55 and 56 with the pin 84,

From the foregoing discussion it will be seen
that ‘the improved switching mechanism of my
bresent invention not only provides an additional
check upon the operation of the fuel burner ap-
paratus in case the temperatures of combustion
produced thereby exceed predetermined limits,

“but provides also an improved “fail-safe” mech~-

anism whereby the fuel burner apparatus is com-
bletely shut down in case of mechanica] failure
of the thermal responsive device or in case of
improper functioning of the yieldable connections
between the two sectiéns of the switch arm.

The ‘embodiment of the invention illustrated
and described herein has been selected for the
burpose of clearly setting forth the principles in-
volved. It will be apparent, however, that the
invention is susceptible of being modified to suit
the different conditions encountered in its use
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and of being adapted for other similar applica-
tions, and I therefore, aim to cover by the ap-

pended claims all the modifications within the

true spirit and scope of my invention.

‘What I claim as new and desire to secure by
Letters Patent of the United States is:

1, Safety control mechanism including in com-
bination, control means having a pair of rela-
tively movable control elements provided with a

vielding connection therebetween . for causing

movement thereof as a unit to effect operation of
one of said elements into and out of a given limit-
ing control position, actuating means therefor in-
cluding a member operable in opposite directions,
means interconnecting said member and the other

of sald control elements for operating the said -

one control element into said limiting position
upon a predetermined operation of said member
in one direction and including yieldable means
providing -for operation of said member in said
one direction in excess of said predetermined

operation to effect relative movement of sa.id.

control elements.

2. Safety control mechanism including in com-
bination a member movable in opposite direc-
tions, control means having a pair of relatively
movable control elements provided with a spring
connection therebetween and one of said elements
provided with a slip clutch connection with said
member to be operated as a unit with said mem-
ber and the other control element between two
limiting positions of said other element upon the
initial reverse movement of said member after
movement thereof in either direction and having
means for stopping the slip operation of said
clutch connection to effect relative movement be-
tween said control elements after a limited slip
operation of said clutch connection upon a prede-
termined reverse movement of said member.

3. Safety control mechanism including in com- -

bination a control element movable into and out
of a limiting control position, actuating means
therefor including a member operable in two di-
rections, means including yieldable force trans-
mitting means interconnecting said member and
said element operative for effecting movement of
said element as a unit with sald member, said

element being movable into said limiting posi-

tion in response to a predetermined operation of
sald member in one direction and said yleldable
force transmitting means normally being oper-
ative for affording relative movement between
said element and said member upon continu-
ation of the movement of said member in said
one direction after said element reaches its lim-

iting position, safety control means and means -
operative for effecting operation of said safety-

control means in case of cessation of such rela-
tive movement between said members and. said

element at any time during such continued move-

ment-of said member.
4. The combination with an electric circuit of
control means therefor including a pair of mov-

‘able elements, actuating means for moving one

of said elements in two directions, means. includ-
ing yieldable force transmitting means intercon-
necting said elements and operative for effecting
movement of the other-of said elements as a unit
with said one of said elements; means for Iimit-

ing the movement of said other element in one -

direction, said yleldable force transmitting

means normally being operative to afford relative
movement between said elements upon continu-
ation of the movement of .said- one element in
said - one direction after sald other element

5

reaches its limiting position, and means oper-
ative for effecting deenergization of said elec-
tric circuit in case of failure of said force trans-
mitting means to afford such relative movement
between the members at any time during such
continued movement of said one element,

5. The combination with an electric .circuit of
controlling mechanism therefor including a
member operable in two directions, a second
member pivotally mounted on said first member,
means providing a friction clutch connection
between said members including means providing
cooperating bearing surfaces on sald members
and resilient means for forcing said bearing sur-
faces into intimate engagement, said clutch con-
nection being normally operative upon movement
of said first member for effecting movement of
said second member as a unit with said first
member, a circuit control element mounted on
said second member, means for limiting the

‘movement of said circuit control element in one

direction, said clutch connection being operative
for affording relative movement between said
members upon continued movement of said first
member in said one direction after further move-
ment of said element is prevented, and means
operative for effecting deenergization of said
electric circuit in case said clutch connection
fails to afford such relative movement between
sald members at any time during such continued
movement of sald first member.

6. Electric switching mechanism including in
combination a pair of contacts relativély mov-
able into abutting engagement, actuating means
including a member movable in opposite direc-

‘tions, a second movable member having one of
‘said contacts mounted thereon, means including

& yleldable force transmitting device intercon-

necting said members for producing unitary

movement of said members to effect engagement
of said contacts upon initial movement of said
first member in one direction- after movement
thereof in the -other direction, said device nor-
mally being operative to afford relative move-
ment between said members upon continuation
of the movement of said flrst member in said
one direction after engagement of sald contacts,
a second pair of cooperating contacts, means
normally operative for maintaining said second
pair of contacts in engagement, and means
operatively responsive to cessation of relative
movement between said members at any time
during said continued movement of said first
member for effecting disengagement of said sec-
ond pair of contacts.

7. Electric switching mechanism including in
combination a pivotally mounted member, means
for rotating saild member in either direction
about its pivotal mounting, a second member
pivotally mounted on said first member, yleld-
able means operative for causing said cecond
member to move as a unit with sald first member,
a third member pivotally mounted on said sec-

- ond member, yieldable means operative for caus-

ing sald’third member to move as a unit with
said second member, a contact element mounted

. on said third member, a pair of contacts fixedly

mounted in spaced relation for lmiting the
movement of said cortact element in both direc-
tions, said first yieldable means heing normally
operative for affording relative movement be-
tween said first and second members upon con-
tinuation of the movement of said first member
in either direction after movement of sald con-
tact element is prevented by one of. said fixed
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contacts, and a second pair of contacts mounted
one on said second member and one on said
third member and' normally held in engagement
by said second yieldable means, said second yield-
able means being operative upon cessation of
relative movement between said first and sec-
ond members at any time during continuation
of the movement of said first member in said
one direction after further movement of said
contact element is provided for affording rela-
tive movement between said second and third
members to thereby effect disengagement of said
second pair of contacts.

8. In an electric circuit controlling mecha-
nism, the combination including circuit control--
ling means opera,ble into a plurality of positions,
and means includmg an arm movable in oppo-
site directions for actuating said circuit control-
‘ling means, said arm including a first section
having a pair of members in fixed spaced apart
side by side relation, a second section compris-
ing a pair of members joined for relative move-
ment into side by side relation, means for pivot-
ally joining said sections with portions of the
members of said second section disposed between,
the members of said first section and including

- resilient means for forcing the members of said

second section apart and into contact with the

‘members of .said first section, and means pro-

viding bearmg surfaces on the outer faces of the
members of said second section for frictional
engagement with cooperating bearing surfaces

‘provided on the inner faces of the members of

said first section.

9. In an electric circuit controlling mecha-
nism, the combination including circuit control-
ling means operable into a plurality of positions,
and means including an arm movable in oppo-
site directions for actuating said circuit control-
ling means, said arm including a first section hav-
ing a pair of members in fixed spaced apart side
by side relation with an inwardly facing sub-
stantially econica] recess provided on the inner
face of each of said members, sald recesses being
in oppositely disposed relation to each other, a

" second section having a pair of members joined
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for relative movement into side by side relation
with each other and with each of the last re-
ferred to members provided with a substantially
spherically shaped bearing boss at ‘substantially
the same distance from the junction between the
members, and means for pivotally joining said
sections with the bosses of the members of said
second section engaging the recesses of the mem-
bers of said first section including resilient means
for forcing the members of said second section
apart to effect intimate frictional engagement
between the surfaces of said bosses and the sur-
faces of said recesses.

10. In an electric circuit controlling mechanism,
the combination including -circuit . contrelling
means operable into a plurality of podtions, and
means including an.arm movable in opposite di-
rections for actuating said circuit controlling
means, said arm includmg a pair of members
rigidly braced in spaced apart side by side; rela-
tion to each other and mounted for rotation about

“of its limiting positions.
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a-common axis, a pivot shaft extending between
.said members at a point remote from the axis
of rotation thereof, a second pair of members
rotatably and slidably mounted on said pivet
shaft and pivotally joined to each other at a
point -remote from said pivot shaft, means pro-

.viding cooperating bearing surfaces on the inner

faces of said first pair of members and the outer
faces of said second pair of members adjacent

_said pivot shaft, and resilient means disposed

between said second pair of members for forcing
the same apart to effect intimate frictional en-
gagement between said bearing surfaces.

11. In a safety mechanism for heating appara-
tus and the like, the combination including a
member movable in opposite directions about a

" fixed pivot point, actuating means therefor, a

second member pivotally mounted on said first
member, yieldable force transmitting means in-
terconnecting said members, a third member
mounted upon said second member and relatively

-movable angularly thereto, means forming limits

of movement for said third member, and means
mounted on said first member for constraining
the relative movement of said second member
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thereto upon predetermined movement of said -

members, whereby continued movement of said

first member in a predetermined direction about:

its fixed pivot point by said actuating means
first moves all three members as a unit about

_said pivot point until the third member reaches

one of said limits, then moves the first two mem-
bers as a unit relatively to the third, the latter
moving about the said limit as a pivot, thereafter
-moving the first member. relatively to the second
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and third members as a. unit, the latter moving

.about the said limit as a pivot until the move-

ment of the second member with respect to the
first is constrained by said movement constrain-

.ing means, and finally moves the first and sec-
-ond members as a unit about the fixed pivot

point and the third about said limit as a pivot

_point to effect relative angular movement between

the second and third members.

12. In a safety control mechamsm the com- -

.bination including three "miembers angularly

.movable with. respect to each other, the first

member mounted for movement about a fixed
pivot, the second pivotally mounted on the first,

and interconnected thereto through yieldable

force transmitting means, and the third member
mounted on the second member and adapted to
move angularly thereto, actuating means adapt-

.ed to act on said first member for moving all
said members, means for limiting the movement
‘of said third member after a predetermined

‘movement in either direction and adapted to act
as a pivot for said member, a first control means
carried by said third member and operable upon
initia]l reverse movement in either direction of
‘said actuating means, and second control means

.operable upon a predetermined relatively ‘angu-

lar movement between the second and third mem-

"bers upon centinued movement of said actuating

means after the latter has been actuated to one
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