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This invention relates to overload protective
devices for electric circuits, and it has for an
object the provision of a simple, reliable, inex-
pensive and improved device of this character.

More specifically, the invention relates to elec-
tric circuit overload protective devices for use
in locations in which high shocks may be encoun-
tered such, for example, as aboard naval vessels,
and a further object of the invention is the pro-
vision of a device of this character which is
capable of uniform and consistent operations
under conditions of high shock.

Another object of the invention is the vrovision
of an overload relay having an inverse squared

load time of operation curve at overloads of the ]

order of 1300% to 1500% of normal full load of
the protected circuit. )

A still further object of the invention is the
provision of an overload relay having fail-safe
operation, i. e., a failure of the device itself wiil
initiate the same protective operation that is Pro-
duced in response to an overload.

A still further object of the invention is the
provision of an overload protective relay in which
substantial changes in the ambient temperature
produce relatively small changes in the critical
value of the tripping current.

In carrying the invention into effect in one
form thereof, a pair of circuit controlling con-
tacts have closed and open operating positions.
The contacts are biased to one of these two oper-
ating positions by suitable biasing means, and a
detent serves to latch them in the other operalfon
position against the force of the biasing means.
The contacts are operated by means of a her-
metically sealed thermally sensitive wnit which
comprises a boiler and a metallic bellows in com-
munication therewith. A volatile liquid partially
fills the bellows and boiler when the bellows is in
the fully compressed condition thus retaining g
slight vapor space under all conditions of opera-
tion. An electric heating element is energized
in response to the load of the protected circuit
and supplies heat to the bhoiler with respect to
which it is mounted in heat transfer relation-
ship. The bellows is normally retained in a sub-
stantially, but not fully, compressed condition
owing to the vacuum produced within the boiler
and bellows. In response to overload on the
protected circuit, the heater vaporizes a portion
of the liquid in the bhoiler and forces the liquid
out of the boiler. The resulting expansion of
the bellows moves an operating member to actu-
ate the detent to permit the biasing means to
move the contacts to initiate the circuit protec-
tive operation. Failure of the device such, for
example, as development of a leak in the
thermally sensitive unit allows the bellows to
expand and move the operating member. in the
direction in which it moves when an overload
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occurs thereby producing ‘fail-safe” operation.
Substantially shock proof operation is produced
as a result of a load versus deflection character-
istic of the bellows such that at normal full load
of the device which is o be protected e. g. a
motor, the amount of deflection is small in com-
parison with that which takes place in response
to a small increase in load above 100% of full
load.

For a better and more complete understanding
of the invention, reference should now be had to
the following specification and the accompany-
ing drawings in which Fig. 1 is a side elevation,
partly in section of the protective device with the
contacts in the closed position; Fig. 2 is a frons
elevation with the cover removed; Fig. 3 is an
end section taken on the line 3—3 of Fig. 1
looking in the direction of the arrows; Fig. 4 is
a side elevation with parts broken away, and with
the contacts in the open position; Fig. 5 is an
engd section taken on the line 5—5 of Fig. 4;
Fig. 8 is an enlarged sectional view of the boiler;
Figs. 7 and 8 are plan views of heating elements
having different ratings; and Figs. 9 and 10 are
charts of characteristic curves which facilitate
an understanding of the operation of the inven-
tion and its advantages.

Referring now to the drawing, the overload
protective relay device comprises a thermally
sensitive unit which uses the principle of a liquid-
vapor system. The thermally sensitive unit is
hermetically sealed and comprises a boiler | and
a metallic bellows 2 which is in fiuid communicg-
tion with the boiler. In the llustrated embodi-
ment the communication between the boiler and
the bellows is provided by means of a capillary
tube 3.

As shown in Fig. 6, the boiler is flat in general
appearance, i. e., its height is small in comparison
with its other dimensions. It ig llustrated as
being cylindrieal in form. It is preferably made
in two portions comprising the cylindrical por-
tion having an upper closed end and a lower open
end, and a supporting plate i to which the wall
of the open end is fastened by a suitable method
such as brazing with silver solder.

The cylindrical portion of the boiler is made
of any suitable good heat conducting material
such as copper or Phosphor bronze, and its end
surface, which after assembly is in heat trans-
fer relationship but not in actual physical con-
tact with a heating element, is blackened to pro-
vide good heat absorption qualities. The sup-
perting plate Ig is preferably made of a metal
having high strength and rigidity and relatively
poor thermal conductivity such, for example, as
stainless steel. An annular internal supporting
member & prevents collapse of the boiler when
operating under conditions of partial vacuum.

The bellows 2 is made of a suitable strong flex
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3
ible metal such as brass or Phosphor bronze. Its
upper end is closed by means of a supporting
plate 2a whlch is preferably made of stainless
steel of sufficient thickness to impart to it sub-
stantially rigidity. Stainless steel is suitable for
this element owing to its relatively poor thermal

conductivity. At its rear edge, I €., the edge:

which is remote from the cover, the plate 2a is
provided with an upturned luﬂ 2 prov1ded with
holes through which machine screws extend into
threaded engagement with the wall of the enclos-
ing casing or housing. Similarly the front edge
of the plate is provided with an upturned lug 2¢

having a threaded opening for receiving ‘& serew

passmg through the cover of the enclosing casing.

The capillary tube 3 enters openings in the
supportmg plates ia and 20 and is fastened there-
to by silver soldermg to provrde tightly sealed
Jomts

- The chemical composition of the boiler fluid ¢

aﬁects the’ critical ‘tethperature of operation of
the relay. When this temperature is high with
réspect to the ahibient temperature, the effect of
the ambient temperature upon relay operation is
small, ‘However the power requn'ements are high.
Dreferably the boiler finid should have a low
freezing point so that low ambient temperatures
do not - affect it. It miist be chemically stable
and must not combine chemwally with the boiler
or the bellows. Although several liquids produce
sa’tlsfactory’ operatmg results, it is preferred to
use’’ para-cymene CHsCsH4CH(CH3)z Para-
cymene: has -3 bo111ng point of 177° C. Other
hqu1ds which’ may be used and which pro-
vide successful operatmn are aniline, o-dichloro-
benzene and’ chloro—methylbenzene These 11qu1ds
have boiling pomts of "184. 4°°C., and 180.6° C
and 162:6° C. Tespectively! L

In order ‘that the operatlng characteristics
shall be conSIStent 1n successive ‘operations, it is
neécessary that ‘the ‘boiler ﬁmd shall be in contact
with its own vapor. This condition is achieved
by ﬁllmg the boiler and" belows with the bellows
fully- compressed -ahd’ then sealing’ the unit at
100°- .- “When' reIeased after” filling” and seal-
ing, the external atmospherlc pressure maintains
the bellows: substantlally compressed However,
the spring restormg force of the compressed bel-
lows produces'a’ shght expansmn which is ‘suffi-
cient to cause, the bellows to produce & small
negative pressure in the poiler with the ‘result-
ant formation of & vapor pocket. Without. ‘this
vapor pocket the operatmg charactemstlcs are
erratic, © 7’

“To the movable closed end of. the bellows is
securely fastened a rod=-like operatlng member 5
which is preferably made of a stitable plastic
insulating member’ wh1ch does 1ot deterlorate at
relatwely ‘high temperatures €. g., témperatures

of the order of 115° C. "At its oppos1te or lower
end the operatmg member 5 is provided with
a trip detént 1 having a, crrcumferentla,l slotted
portlon 7o which prov1des for movement. of &

ontact bridging membe1 8 oub of, contact-mak-
ing relationship w1th stat1onary control: con-
tacts 9.and 10 in response to the force of a bias-
ing spring i1 ‘as the “detent is'moved downward
in" Tesponse ‘to’ expansion’ of the bellows "As
shown the contact‘ bridging. member is provided

with & cireular opening 8°in ‘which the enla.rgedj

portion of the detent rests ‘Wwhen the bellows' is
fully contracted; and th1s circular opening is
further extenided toward the ‘contact and  the
bridging membet to- ‘pfovide a’slot’ 80 which eo-
acts-with the slotted: portion of the detent.”
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The contact bridging member is mounted on
3 rod 12 made of insulating material. This rod
is provided w1th a pin {3 galnst which the bias-
ing spring 11 presses to bias the movable contact
bridging member toward the contact opening po-
sition.

A heating: element for the boiler is illustrated
as comprising a pair of heater supports 14 and 15
and a str1p of resistance material i6 which is
bent tip at each end to provide a channel-shaped
cross section. THe ends of the resistance strip
are silver soldered. to.the heater supports so that
the supports are held in spaced apart relation-
ship.” “The heater supports may be made of any
suitable material having relatively high thermal
resistivity and relatively 16w electrical resistivity.
Tor heater currents of léss than 25 amperes,
the heater supports are preferably made of monel
metal which ¢ontains approximately 67% nickel,
289% copper and 5% other “elements such as
iron and manganese. The heater element str1p
i6 may be made of & suitable material such as
a Nlchrome V alloy’ ‘containing 80% nickel, 20%
chromium. = As:'showh, the ‘protruding ends ‘of
the heater’ supports are bent down at right angles
to engage with the terminal blates 14a and 15a
with which they are ‘maintained: in contact by
suitableé meéans such &s machine screws.

“The heater element and the thermally sensi-
tive unit are mounted in‘a sulta,ble molded-hous-
ihg member made of an’ msilating compound
which is illustrated as a generally rectangular
box-shaped membér T which is provided with a
cover 18. A pair of ledges’ 19" and 20 formed on
the inside rear surface of the casing member pro-
vide support for- malntammg the heating ele-
ment in the upper énd- space above such ledges.

Beneath these ledges, the opposite walls 1Ta
and [Tb are provided with slots 2f and 22 for
receiving the boiler’ supportlnU plate le. A U-
shaped curved leaf spring 2% bBetween the lower
surface of the plate and the lower surfaces of
the slots mamtams the top surface of the boiler
against the’ heatmg element “The boiler is elec-
trlcally 1nsulated from the: heatmg element by
means of a’ sheet of 'mica (not shown) approxi-
mately 10 mils in thlckness which is 1nserted be=
tween the upper “surface of the boiler ‘and the
lower surface of the heatlng element. A second
pair of slots 24 and 25 in’ ‘the side, walls. rece1ve
the supporting’ plate’ ¥l of the bellows and’ serve
to_support the bellows in an. intermediate posi-
tion. within the; housmg Near the’ ‘bottom end
of the- housmg, a part1t1on member 26 serves to
deﬁne the upper wall’ of a chamber ‘within which
the ‘stationary control contacts 9 and 10 are
mounted and pr ov1des a gulde for operatmg mem-
ber 5.

“In operation, the heater terminals are con-
neeted to the circuit which is to. be protected
and which for the PYrDOses of illustration may
be. assumed - to be ‘a. motor _circuit. The con-
nectlon is made. w1t . the, heatmg element. con-
nected directly. in: se " relationship with the
motor. The bellows is.. normally partially. de-
compressed as a, result of its.spring tension which
expands the bellows a. slight. amount from. the
fully’ compres _ed dition. until a_ cond1t1on of
equ111br1um is produc' ;between the spring ten-
sion of the bellowe and the combressive force of
the atmosphere ‘Tn this normal condition, the
detent 7 oft' the operatmg member 5 ‘maintains
the movable contact 8 ift bridging’ p051t1on with
respect to'the stationatry control contacts' 9-and
{0:which are preferably connected in-the:control
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circuit of a protective device for the motor such,
for example, as a circuit breaker.

As long as the motor current is less than the
critical full load value at which the relay is set
to trip, the liquid in the boiler is below the boil-
ing point, and the relay remains in the normal
partially decompressed condition. If the motor
current increases to the critieal full load value,
a small portion of the liquid in the boiler is
vaporized. The vapor being trapped at the upper
surface of the boiler forces the unvaporized liquid
out of the hoiler through the capillary tube
into the bellows and causes expansion of the
bellows.

As a result of the expansion of the bellows, the
operating rod § moves downward until the edge of
the detent T passes below the bottom surface
of the movable contact bridging member 8. This
permits the biasing spring i1 to move the rod

12 toward the left so that the restricted portion :

8b of the opening 8a is moved into the slot in
the detent member. The contact 8 is thus moved
out of bridging engagement with the stationary
contacts § and 8. The opening of the control
contacts 8 and 10 results in opening the main
circuit to the motor and in deenergizing the heat-
ing element 16 thus permitting the thermally
responsive system to cool.

When the vapor in the boiler was condensed,

the liquid which was transferred to the bellows

is returned to the boiler. The bellows therefore
is constrained by external atmospheric pressure
to collapse but is prevented from doing so by
the contact carrying rod 8 which prevents up-
ward movement of the detent 7. Depression of
the manually resettable contact carrying arm 12
permits the detent T to move upward and thus
permits the bellows to collapse to its initial par-
tially decompressed position.

An important feature of this invention is the
relationship between load current in the pro-
tected circuit and the expansion of the bellows
and deflection of the detent member 7. This
relationship is illustrated in Fig. 10 by the curve
27 of which ordinates represent deflection of the
detent and abscissae represent heater current or
motor eircuit load current. It will be noted from
this curve that at normal full load on the motor,
1. e, 100% full load, the detent is deflected ap-
proximately 20 mils, and that at 1189 full load
the detent is deflected more than 60 mils which
represents a deflection more than 3 times the
deflection at 100% load. In other words, at nor-
mal full load of the motor, the amount of de-
flection of the detent is small in comparison with
the ultimate deflection for a very small increase
above full load. This assures full locking condi-
tion of the detent for all normal loads on the
motor which in turn enables the relay to with-
stand high shock without producing false opera-
tion.

A further advantage of this invention is that
the relay fails safe. For example, if a leak should
develop in the thermally sensitive unit while
the relay is in the contact closed position, the
bellows would expand and move the detent in
the same direction as that in which it is moved
in response to an overload condition.

Heaters of different construction may be used
to provide different ratings for the relay. A
spirally wound heater 29 of the type illustrated
in Fig. 8 may be used with a protected circuit
in which 100% full load is within the range of
1 to 8 amperes. The heater 30 illustrated in
Fig. 7 may be used in the 8 to 30 ampere range
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and the strip resistor illustrated in heating re-
lationship with hoiler | of Pig. 1 may be used
in the 31 to 50 ampere range.

A still further advantage of the invention is
that the timing of operation of the relay in re-
sponse to overloads of the order of 1300% to
1500% of normal full load varies in inverse rela-
tionship to the square of the load as illustrated
in Fig. 9 by the curve 28 in which ordinates
represent percentages of full load and abscissae
represent operating time. The curve is plotted
on semilogarithmic coordinates. The explana-
tion of this phenomenon is that at low loads the
slow rate of heat transfer from the heating ele-
ment to the boiler, owing to the heat transfer
through the liquid and the metal of the boiler,
elevates the entire thermally sensitive system
including the liquid to the boiling point of the
liquid before vaporization occurs. On the other
hand, at high loads vaporization is produced at
the top surface of the liguid in the boiler befors
the temperature of the main body of the liquid
has increased appreciably and forces the liquid
into the bellows to effect expansion and releases
the detent.

Although in accordance with the provisions
of the patent statutes, this invention is described
as embodied in concrete form and the principle
thereof has been explained together with the
best mode in which it is now contemplated ap-
plying that principle, it will be understood that
the elements shown and described are merely
illustrative angd that the invention is not limited
thereto since alterations and modifications will
readily suggest themselves to persons skilled in
the art without departing from the true spirit
of this invention or from the scope of the an-
nexed claims.

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

1. An electric circuit overload protective device
comprising in combination, g, thermally sensitive
unit comprising g, boiler, a bellows having com-
munication with said boiler, a vaporizable liquid
filling said unit in the fully compressed condition
of said bellows and at a predetermined tempera-
ture of said liquid thereby to provide a negative
bressure within said unit in a partially decom-
pressed condition of said bellows and at a tem-
perature of said liquid substantially lower than
said predetermined temperature, contacts having
open and closed operating positions and operable
from one of said positions to the other in response
to expansion of said bellows from said partially
decompressed condition, and a heating element
mounted in heat transfer relationship with said
boiler and having input terminals for connection
with a circuit to be protected.

2. An electric cireuit overload protective device
comprising in combination, a housing member,
a thermally sensitive unit mounted within said
housing member comprising a shallow boiler, a
bellows, means providing communiecation from
the space immediately above the bottom of said
boiler to the space within said bellows, a vapor-
izable liquid filling said unit in the full com-
pressed condition of said bellows and at a pre-
determined temperature of said liquid substan-
tially above room temperature thereby to provide
a negative pressure within said unit at room tem-
perature and in a partially decompressed condi-
tion of said bellows, contacts having open and
closed operating positions and operable from one
of said positions to the other in response to ex-
pansion of said bellows from said partially de-
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7,
compressed condition; and: & heafing element
mounted above sald boiler and: haying its lowet
surface in heat transfer relationship with the top
surface of said boiler:and: having input, tétminals
for eonmection with & cireuit to be: protecied.

3. An eleetric ¢ireuit overlogd protective device
comprising in: cornbingtion, & pair of contacts
havinz c¢losed @nd open operating positioiis; &
detent: for atehing said contacts: in a first af said
positions; means: bidsifig sadd contacts to-a. see~

onil of said positionis, a: thermally sensitive unit -

eemprising a boiler, & béllows having communica-
High with said boiler and. & vaporizable: Mguid £l
izable lguwid flling said unit in the. fully: com-
ing said ynit ab & predetermined temperature in

. the fully: compressed eondition of gaid Yellows: to
prowide @ négative préssure: within: said unit. in &
partially: desompiiessed condibion. of said bellows
2% beomy, temperature; an: openating member con-
neched: to. said bellows. for retaining: saidr detent
ip its latéhing position in sdid: pariially: decom-
pressed: conditipn: of §3id bellows: and: movable: in
Fesponse: to: furfher: decomipression of said. bele
lows: tor aetnate. said debenrtl to: effect movement
of said contacts to said second positien; and a
heating- clement mioumnted: in: heat transfex rela-
tionship: with: said boiler and having: input. ter-
piinais for conmectiom withy & cireuit to: be pro-
tected:

4 A electric cireuit overloadiprotective:device
Gopprising: fix combination, # pair of eontacts
having closed: and: open. opsrating positions; &
Tatch for retaining -said contacts.in & first of said.
positions, méans:biasing said contacts to.the sec-
ond: off saic positions, s thermally. sensitive unit
domprising o Hoiler, a hellows:member; a tubular
member providirg communication between: said
boiler and said bellows, and a volatileéliguid.com-
pletely filling- said’ boiler, sald: tubular. member

and said bellows in: the: compressed: condition. of 40

said: bellows: &t a. predetermined temperature. to
provide within said boiler: in. the released condi-
tion: of; said: bellows: a: liguid: pressure: less tham
atmosplieric at; a. temperature: substantially. low=

er than: said: predetermined: temperature; an. 6p- .

ergting meémber: of insulating material: connected
to. said bellows for réleasing: said 1xtéh: to: effect
movement of said contacts to:said second positionr
in: response’ to: expansion’ of said: bellows,. and: &
heating: element. mounted: in heat: transfer rela-
tionship: withr said: boiler and. having: input ter-
minals, for: connection with: a: cireuit. to. be pro=-
tected:.

5; An:electriecireuit overload:protective deviee
cemprising: in: combination;. & pair of contacts
having: closed. andi open: operafing: positionsy
means- hiasing said contagts. to: a: first. of said
operating positions,. a: detent: for: latching: said
cantactsiin. the-second:ofsaid:-operating: pesitions
against: the:force:of: said biasing: means s.a:.sealedt
thermally: sensitive. unit: comprising @ boiler; a:
beltows- having: communication with said: boiler:
and- a vaperizable:liquid: completely. filling: said:
unit in- the: substantially: fully. compressed condiz:
tion- of said: bellows- at- a: temperature - of said:
ligwid of; 1003 C. to.provide. a negative pressure
within said; unit in a; partiallyy decompressed.
condition of: said: bellows:at.a room: temperature:
substantially: lower -than; 1087 C.,. a: heating: elex-
ment having-input terminals: for. conneetion with
a., circulit: to; ber protected: and mounted in. heat-

tmnsfgr:relatinshin:with;-said}\boiler to.effeet ex=-
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pansion: of said bsllows from: said partially de-
compressed condition, and am operating niember
of imsulating rhaterial mechznically conineeted
to.one enid: of saic bellows for retaining sdid de-
tént in the latching position in: said pattidlly
decompressed condition of Said bellows arnd mav-
able in tesponse te: expansion of said bellows
from said partially: decompressed condition to
actuate said: detent: to: effect. moverent of said
contacts. to. said: second position:

6: An. electric cireuit: overload: protective: de=:
vice compiising in combination;, & pair of' con-
tacts: having: closed: and open operating posi=
tions, a detent for latching said contacts in a
first. of said positions; means blasing said ¢on-
tacts to the:second of said positions; a thermally
sensitive unit comprising: & boiler, a bellows
member having: communication with. s@id boiler
and =z vaporizable: liguid: filling sadid’ unit at &
preédetermineéd: temperature in =z fully cem-
presséd condition of said bellows: to- provide &
negative pressiuré within §aid unit in- & partially
deconipressed: condition of sdid. bellows at &
temperature substantially less than said’ prede-
termined: temperature, o heating element having
input terminals for connection- with: & circuit to
be: protected and mounted in heat transfer re-
lationship with said boiler to effect furtheér de-
compression: of” said’ bellows. from: said’ partiaily
decompressed: condition, and: an operating mem-
ber connected: to said bellows for retaininig said
detent’ in- its latching position in said- partially
decompressed conditioh. of said bellows and mov-
able in. response to said’ further decompression
of said bellows to actuate said détent to effect
movement of said’ contacts to- said second posi-
tion: and’ to. provide: fail: safe- operation of said
device in: response: {6 - leak  in- said: thermal
sensitive unit. . )

7. An- electrie circuit: overload® protective de-
viee: comprising: ifi: combingtion; a- thHermally
sensitive: unit® comprising- & boiler having spaced
apart top and bottom end’ wallsand an' énclos-
ing* wall joining said: end walls to provide an
énclosed: space; - &- bellows member disposed in
spaced' apart’ relationship: with said’ boiler; a
tubular mémbér providing communication: ke
tiween said bellows and said:Boilerthrough said
bottom end wall, & vaporizable liquid filling said
unit in' the- fully. compresded condition’ of’ said:
bellows: and at & predetermind: temperature
of saidiliguid thereby to:provide a negative pres—
sure within said unit in a-peartially decompressed:
condition: of said: bellows: and at-a- temperature
of daid liquid! substantially lower than said*pre-
detérmined temiperature; contaets- having open
and-closed operating positions-and-operable from’
one of‘said' positions-to the other-in response’to
expansion’ of said bellows from: said” partially-
décompressed: condition; and:a heating:element’
mounted in heat transfer relationship with, said
top" eitd wall- of' said boilér~ and’ having: input
terminals- for - connéction' with' a: circuit to be!
protected:
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