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- sitated larger and more pewerful eperatmg devrces for
. closing the contacts. - -- SRR
- An object of the present invention is to prowde a snnple -
and compact bounce-suppressing arrangement that can

perform its mtended function without necessitating any
substantial increases in the size of the ce*ltaet-eleemg de- -
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ThIS 1nvent1en re1 ates to an. arrangement for and Q.
methed for suppressing the tendency of electrical contacts

bounced out of engaget
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ficiently short, however, to permit the force pulse to be
applied well ahead of the instant that the contacts, .in -

the absence of the force pulse, would have initially

ent following said initial impact.
The force pulse is caused to persrst substanually past thls

'latter instant,

‘For a better understanding ef our mventron reference

- may be had to the following description taken in con-

“to bounce apart when one contact strikes the other at the

-'end of a high velocity centect-elesrng stroke. .

When the movable -contact of an electrical erremt 111-'.--- :

e tererter strikes its matmg statlenary contact at the end:
' of a hrgh velocity contact-ciosing stroke, there is a ten-
« - dency for.the contacts to bounce, first apart and then
- If the conmtacts are
closed on an energized circuit, there will be an arc estab- -
- lished between them each time they separate durmg the 90
~ are shown in a contact-open position. -
" FIG. 5'is a cross-sectional view of the device of FIG. 4 S

:except the parts are shown in a contact-closed position.

together in a repetltwe fashion, .

bounce period. . As is Well known, such arcs can produce
- objectionable eentact eresren and can elso preduee eh-—

- jectionable contact welding. -

15

- junction with the aceempanying drawings, wherein:
10
- wipe device for contrelhng the motion of the movable'

FIG. 1 is a cross sectional view of a prior art contact
contact of a circuit mterrupter
a centact-epen position. . .
FIG. 2 is a cross sectional view of the device shewn_
in FIG. 1’ except the parts are shown in the centact-elesed- o

‘The parts are shown in

| pesrtlen

Numerous schemes have been propesed to suppress con-

-.'tact bounce and thus eliminate the above-described erosion -

‘and welding preblems, but these sehemes have generally
~ been subject to serious disadvantages. :
- of the proposed schemes have not been very effective;

For example, many

25

“many have been quite complicated; and many have neces-

vice over that otherwise required.
Another object is to provide bounce- suppressmtIr means

30

.that operates by applying a transient force pulse to the :

movable contact 1mmedlately efter it strikes the statronary-
contact. | |

o | | 40
Still another ob]eet is to apply thrs transrent force pulse' |

at such a time that a pulse of relatively low arnphtude- B

- can be utilized to provide effective bounce-suppression. -

* In carrying out our invention in one form, we prevrde_ |

 'an electric circuit mterrupter cemprrsmg a movable con-
" tact and a generally stationary contact. Operating forces
‘are transmitted to the movable contact by means of a

mechanism comprising a driven part coupled to the mov- =

“part.  The driving part is movable in one direction to
supply eentaet-clesmg force to the driven part and is mov-

force to the driven part.
“mounted on the other of said parts, and this allows the
driving part to move through continued contact-closing
travel, referred to hereinafter as wipe travel, after the

~ able contact and a drrvmg part . ceupled to the driven

50

~ able in an opposite dlreetlen to supply COHtaCt-OpEHIHg
One of said parts is slidably

-t1011 _. - S
Referrlnﬂ' now te FIG 1 there is shewn an eleetnc' o

'of the butt-type.
it 1S customary to provide some means for providing
5 contact wipe and for creating and maintaining a hold-
closed force on the contacts despite contact-wear. A
- conventional wipe device for performing these functions
- is shown at 15. This wipe device 15 comprises a driving
part 16 and a driven part 18. The driving part 16 is in
the form of a cylindrical carriage, and the driven part

FIG. 3is a graphlcal representatren of certam feree-'- |

| travel relatmnshrps

"FIG. 415 a cross—sectrenal v1ew of a eentact—wrpe de:"
vice embedymg one form of our mventron

FIG. 6 is a graphical representation of certain force

end dlsplacement relatronshlps assocrated with beunce
.suppressmn | .

FIG. 7 1llustrates a modified ferm of the mventren |
~ FIG. 8 ﬂlustrates another 1 odrﬁed ferm of the mven- .

circuit interrupter comprising a stationary contact 11 and

- a movable contact 12 shown in their open or fully-sepa- -
~ rated position. This circuit interrupter can be closed by -
‘moving the contact 12 in an upward direction into en- |
- gagement with the stationary contact 441,  FIG. 2 shows
the parts in their closed position. -Opening of the circuit =

interrupter is effected by moving the contact 12 in a
downward direction from its closed position of FIG. 2
mto its open pesrtren of FIG. 1. Tt should be under-_- |

stood that these opening and closing enerauens are per-ﬁ .

ferrmed at a relatively high velocity.
 The contacts of the interrupter shown in: FIG. iare
When contacts of this type are used,

18 is in the form of a piston slidably mounted. within
the bore of the cylindrical carriage. Also disposed within

- the bore of the carriage 16 is a precompressed wipe spring
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% contacts engage during a contact-closing ‘operation. Op--. |

| ;eratwely connected between the driving and driven parts |

- is. spring means that is stressed by said wipe travel and

- that prewdes a first force urging said movable contact
into engagement with sald ‘stationary contaet during said
wipe ‘travel.

that urges said contacts together and supplements said
first force during a portion of the wipe trave'l closely fol-
lowing initial lmpact between the contacts. This addi-

‘that decays to a relatwely lew value befere serd Wlpe
travel iS termrnated . | | |

In a preferred form of our invention, the tranment-
foree pulse is applied to the movable contact after a time
The trme delay 1s suf- |

delay following initial rmpaet

60

2% which urges the piston 18 upwardly into engagement

with an annular stop 22 carried by the carriage 16. A
suitable clesing device or operator (not shown) is cou-
pled to the carriage 16 through a rod 23 to provide the

'ferce for drwmg the carriage through its closing stroke.

-When the carriage 16 is driven in the upward or closing
drreetmn from its position of FIG. ‘1, the piston 18

 also moves upwardly, ther reby carrying the movable con-

| Bounce-suppressing means associated with
-~ the drwmg and driven ‘parts provides an additional force

o tional force is in the form of a transient force pulse .

tact 12 toward the stationary contact 11.
'elesmg streke, the precompressed spring 20 holds the |
- piston.18 in engagement with the annnlar stop 22 until
65

Durmg thre

the movable contact 12 engages the efatrone,ry contact 11.
This engagement between the contacts terminates upward
movement .of the contact 12 and piston 18; but the car-

 riage 16. continues moving upwardly, further compressing

0

the spring 20 and separatmg the stop 22 from the piston
18 until motion of the ee,rrlage 16 is finally termmeted |
This upward travel of the carriage 16 that occurs after

" the contacts engage . 18 referred to. hereme,fter as “wipe”

The parts' . -
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or “wipe travel.” This wipe travel
~a force that holds contacts in engagement after closing
despite limited wear of the contacts that might have pre-
weusly occurred. Thus, even if the contacts engage at

a slightly later point in the -closing stroke because of
such contact wear, there will still be some wipe travel
after contact engagement; and this will act to make avail-
able the force stored in the spring 20 and any additional
force prodLeed by further compression of the spring 29
during wipe.

When the movable contact 12 strikes th stationary
contact i1 during the above-described high velccity
closing stroke, there is a tendency for the contacts to
bounce, first apart and then tosether, in a repetitive fash-
10n. Ths tendei_cy becomes more pronounced as the
impact velocity is increased and as the mass of the
moving contact is increased. One way of reducing this
tendency is to increase the amount of force that the spring
29 exerts on the moving contact. |

This is disadvantageous, however, because increasing
the spring force will markedly increase the closing energy
requirements of the system and thus require a larger
closing device. In this connection, the energy stored in
a wipe spring such as 20 is frequently a large prepertmn
of the total closing energy so that any increase in the
wipe spring force results in' a similar increase in the closing
energy reguirements.

To illustrate some of the above points, the graphical

representation of FIG. 3 has been provided. The cross-
hatched area underneath the curve A, designated “wipe
spring,” represents the energy required to compress the

wipe spring 2¢ during contact-wipe. Typically, the closing

device will have an available force output only s]jghtly
exceeding the force required to compress the wipe spring,
as d....plcted by the dotted line curve B. Assume now that
an effort is made to suppress contact-bounce by using a
heavier wipe spring 29 requiring force such as depicted

in curve C for its compression. This required force ex-

erves to provide

3,180,960

Gt

19

-3
1 |

4

—t

| pieton 18. The pins 30 slide along this constant diame-

fer portion 38 until the upward motion of carriage 16
is terminated. The position of the parts when the up-
ward motion of the carriage 16 is terminated is illus-
trated in FIG. 5.

The total force that upward wiping ‘motion of the car-
riage lmpeses upon the driven member or piston 18 is
depicted in FIG. 3.  This total force has two Compo-
nents, one of which is the force l'npesed by the wiping
spring 29 and the other of which is the force 1imposed
by the detents 38. The force imposed by the wiping
spring 2§ during this upward motion is the same as In
the device of FIGS. 1 and 2 and is also depicted by

the curve A. The force imposed by the detents 39 takes

the form of a force pulse illustrated at P superimposed
upon the spring force. This force pulse P begins when

the pin detents 3% encounter the cam surface 37 and

continues until the detents 39 pass onto the constant di-
ameter dwell portion 38, at which time the pulse is ter-
minated, While the detents 30 are sliding along the
smaller constant diameter portion 33 prior to encounter-
ing the cam portion 37, they impose no substantial added
force on the piston 18. It is only when the cam por-
tion 37 is encountered that this force pulse P begins.
In effect, the surplus energy that is represented between
the curves B and A of FIG. 3 is utilized for produemg

 the transient force pulse P.

50

The time at which the force pulse P should be applied
can be best understood by considering the curve F of
FIG. 6, which represents the butting force that would

~ be applied to the contacts if the bounce suppressing means

~ ceeds that available from the closing device, and thus the =

heavier wipe spring would necessitate a larger elosmg
device for performing the elosmg operation.
An object of our invention is to effectively suppress

40

contact-bounce by means which can be included without

necessitating a significantly larger closing device than
was needed in the absence of the bounce-suppressing
means. This object is achieved by providing bounce-sup-
pressing means that applies a transient force pulse to the
driven member 18 during
explained, after initial impact occurs between the contacts
iZ2 and 11. This bounee-suppressing means 1s illustrated
in FIGS. 4 and 5, where a wipe device corresponding to
the wipe device 15 of FIGS. 1 and 2 has bcen modified to
include the bounce-suppressing means.

Corresponding parts of the two wipe dewces have been
given corresponding reference numerals. The bounce-
suppressing means of FIGS. 4 and 5 comprises a series
of detents 30 that are slidably mounted in circumferen-
tially-spaced openings 31 that extend radially through the
carriage 16. These detents 39 are preferably in the form

~of pins having rounded inner ends that are shown in

FIG. 4 bearing against a lower portion 33 of the plston
18. The detents 30 are urged into their illustrated posi-
tion by suitable springs, such as leaf spring 35 secured
to the carriage at their lower ends.
16 moves through its upward wiping motion relative to

the piston 18 after the contacts 12 and 11 engage, the

pins 30 first slide for a short distance along the con-

stant diameter dwell portion 33 of the piston, after which -

they encounter a steeply-sloping cam portion 37. This
engagement with the cam portion 37 forces the pins 30
radially outward against the spring 35 as the carriage
16 continues its upward motion relative to the piston 18.
After further upward motion of the carriage 16 relative
to the piston 18, the pins 3¢ are located in alignment
with another constant diameter dwell portion 38 of the

a crucial period, soon to be

30 were not present. After initial impact occurs at a
point g, the butting force builds up sinusoidally to a

peak occurring at an instant %, after which the butting

force decays sinusoidally to zero at an instant §. Dur-
ing the force build-up period from g to A, the centers
of gravity of the two contacts are approaching each other
as indicated by the curve Z, which depicts relative dis-
placement between these centers of gravity. During this
period from g to h, kinetic energy is being converted
into strain energy in the contact structure. Part of this
converted energy is dissipated, but part is reconverted
into kinetic energy that soon forces the centers of gravity

- of the two contacts away from each other, as is indi-

¥
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cated by the portion of curve Z extending from 7 to i.

At the instant i there is zero butting force on the con-

tacts, and the centers of gravity of the two contacts have
moved apart to a point where the contacts actually sepa-
rate. This period when the contacts are out of engage-
ment occurs during the time that the curve Z is nega-
tive in FIG. 6. The externally applied closing force
eventually reverses the direction of movement of the

- movable contact and thus forces the movable contact back

A
Gt

GO

When the carriage

into engagement with the other contact at an instant j.
'_I“hereafter, the butting force builds up and decays again
In a manner similar to that depicted by curve F. This

- might be repeated several times before being completely

damped out, it being understood that each successive force
ouild-up is to a lower peak value.

By applying the force pulse P of FIG. 3 to the driven
member 18 at the proper instant, we can oppose the
contacf-separating force that is acting on the contacts
between instants 2 and i and thus effectively neutralize
this force and render it incapable of forcing the contacts
completely apart., The optimum time for initiating the
force pulse P is during the second-occuring third of the
period of time extending from g to { in FIG. 6. This

- optimum interval is designated as T in FIG. 6. This

70

timing gives the force P an opportunity to oppose the
contact-separating rebound force that is acting between
instants 2 and i to force the centers of gravity apart,
yet without adding unduly to the compressive force that
drives the centers of gravity of the two contacts together
between g and 4. Adding to this compressive force is
undesirable because the higher this compressive force,




The force pulse P should persmt at least nntll the in-

' -stant { at which the bnttmg force F would have returned
o _te zero in the absence of the force pulse or, stated other-
- wise, until the instant at whlch the contacts would have
P meved out of engagement in the absence of the force:
- pulse.
~ to separate the contacts despite the force pulse P.’ o
~ Asexplained above, the ideal instant at which to initiate. e
- the force pulse P is durlng the secend-oecurrmg third of
. the initial perled (g to i) that the contacts would have
© remained in engagement . in the absence of the force:

Otherw1se sufficient rebound force nnght re_

ain

pulse: P. But appreciable bounce suppression can still

i be ebtalned even if the force pulse begins as early as the
§° - instant of impact, providing that the force pulse persists
. until the instant ; of FIG. 6. Beginning the force pulse
~ at the instant of impact adds to the compressive force
~on the contacts as the centers of gravity move tegether
~ after impact, and this disadvantageously tends to increase
__the severity of the rebound, but this tendency is more

than offset by the tendency of the persisting force pulse

~ - and i and by the tendency under these higher force con-

o - 16 downwardly at high speed

ditions to dissipate a
~ energy without returning to to the system. If the force
~ pulse begins at the instant of impact, its amplitude must

~ be conmderably higher than that of a force pulse begin-
ning during the interval T in order to obtain equal bounce--
- suppression from the two pulses. -
* ergy from the closing operation is needed w1th the force
- pulse that begins at the instant of impact. |

a greater percentage of the impact

eans 30 perfer.ms an im-

‘The bounce-suppressing

In addltmn, more en-

"3',180'-960

_- the Ingher is the rebeund force that becemes avaﬂable’_
) 'between instants & and i to force the contacts apart.
By opposing this rebound foice with a force pulse P of
- sufficient magnltude the. effective rebeund force is re-
- duced to such an extent that 1t cannot cause the contacts
- to separate betwe....n i and j. . |

15
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P to oppose the rebound: force: between the instants A

o ‘portant function during contact-opening as well as during
 contact-closing. This can be better nndersteod by con-

| ""-51der1ng the performance of the parts during contact- 40

opening. Such opening is initiated by driving the carriage

‘rom 1ts position of FIG. 5..

After a predetermined amount of such downward move- =

- ment, the stop 22 engages the piston 18 and forces it
Before this.
occurs, however, downward movement of the carriage 16
- has shifted the detents 30 downwardly into ‘a location

to move downward to separate the contacts.

where the springs 35 can return the detents radially in-

- wardly to their normal position beneath the cam surface
- 37.. Thus, when contact separation occurs, the detents 5q
- 30 are positioned ahead of the cam surface 37 as shown

in FIG. 4. When contact-opening motion is terminated -
- by the carriage engaging a suitable stop, such as 48 in
- FIG. 3, there is a tendency for the piston 18 to overrun

‘the carriage 16.  This tendency is suppressed, however,

by the presence of the detents 30 ahead of the cam sur-

face 37, which apply a hlgh retardmg force to the piston

~ 18 as it begins overrunntng the carriage 6. This limits
y ~ compression of the wipe spring 2@ by such overrunning
~and thus lessens the chances for erratic contact motion
resulting from such overrunning. Another reason why
it is desirable to limit overtravel is that there might be
only a limited clearance space available ahead of parts

and 8 have been prewded “In FIG. 7, the plston 13 13' o

made of a polygonal form, and the detent 30 is the form '

| ;ef eyhnder 30, the periphery of which is adapted to act
against a flat cam surface 37 on the piston 18. FIG. 8 -
'_dtffers from FIG. 7 in that the cam surface 37 is formed

by another cylinder, this one fixed to the piston 18. These.

.-.-arrangements of FIGS. 7 and 8 are advanfageous ‘in
-+ permitting higher loads to be carrled by the detent Wlth- R
: eut permanent deformation. |
* While we have shown and described partlcular embedl—" |
- ments of our invention, it-will be obvious to those skilled
in the art that various changes and modifications - may
be made ‘without departmg from our invention in its

broader aspects, and we, therefore, mtend in the appended

claims to cover all such changes and modifications as
- fall within the true spirit and scope of our invention. -

What we claim as new and desire to secure by Letters -
Patent of the United States is: o :
1. In an electric circuit interrupter compnsmg a gen- |
erally stationary contact and a movable contact; mech-

‘anism for t1ansnntt1ng operating feree to said mevablei -

contact cempnemg -
 (a) a driven part ceupled to said movable centaet

movable in one direction to supply centact—closmg
force to said driven part and movable in an opposite
direction fo snpply centact-Openlng force to sald_.
“driven. part,

._ :_.(e) means for shdably mountmg ene of said parts 011:
30 o :
- (d) said’ driving part belng movable through a prede--

the other,

termined wipe travel after said contacts engaﬂe dur-
ing a contact-closing operation, = S
- (e) sprmg means between said driving and drwen parts-
that is stressed by said 'wipe travel and that provides
‘a first force urging said movable contact into en-
gagement with said statlenar}f centact dunng sald |
- wipe travel, . o
- (f) and bounce-suppressing means for- pmwdlng an
additional force that urges said contacts together and
supplements said first force during a portion of the
‘wipe travel closely fellowmg Illltlal 1mpact between
 -said contacts, | |
| (g) said additional force belng In the form of a transient
force pulse that decays to a relatively Iew level
before said wipe travel is terminated. . |

- 2 The mechanism of claim 1 in which said- bounce-
‘suppressing means includes means for causing said force.

. pulse to be initially applied to said driven member after a

time delay following initial impact but prior to expiration '
of the initial period that the contacts would have re-

- mained in engagement in the absence of said force pulse,

- 6D

said force pulse persisting: at least until the expnation of

said imitial period.

3. The mechanism of claim 1 in _.whmh said bounce-

_suppressing means includes means for causing said force

~ pulse to be initially applied to said driven member after a

60

time delay following initial impact and during the second-

occurring third of the initial period that the contacts would -

‘have remained in engagement in the absence of said force
- pulse, said force pulse pers1et1ng at least until the expir a-- --

~ tion of said initial period.

(not shown) that are coupled to the movable contact.

The limited nature of this clearance space together with

- excessive overtravel could cause one of these parts to

collide with some ether part thus p0351b1y damagmg one

~ of the parts.

65

4. The mechanism of claim 1 in WhICh said beunee-'
suppressing means comprises a cam carried by one of said

parts and a detent element carried by the other of said
parts, and biasing means urging said detent element and

- said cam into engagement with each other, said cam being

Although we have shewn our detents in the ferm of

| - pins with rounded ends, it is to be understood that other
- forms of detents can alternatively be used, e.g. ball detents
or conically-shaped detents or even cylindrical detents..

It should also be understood that the shape of cam 38
can be varied to provide desired variations in the shape
of the force pulse P. To 1llustrate these pomts FIGS. 7

.shaped to provide for transmission of said force puise

from said driving part to said driven part during said por-

70 tion of the wipe travel closely following initial impact be-
~ tween said contacts, said cam being further shaped to in-

clude a dwell portion that substantially terminates said

force pulse after a predetermined wipe travel of said driv-

 ing vart sufficient to locate said detent elernent on said

75

dwe*l portion.

() a driving ‘part coupled to said driven part. and_- o
25
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5. The mechanism of claim 4 in combination with

3,180,969

means for rendering said bounce-suppressing means in-

effective to produce said force pulse until a predetermined

finite portion of said wipe travel has occurred following

initial impact.

6. The mechanism of clalm 4 1n combmatmn with
means for rendering said bounce-suppressing means inef-
fective to produce said force pulse until a rredetermmed

finite portion of said wipe travel has occurred following
~ initial impact, said predetermined finite portion being of
such a length that said force pulse is initiated prior to ex-
piration of the initial period that the contacts would have
- remained in engagement in the absence of said force pulse.

L

10

7. The mechanism of claim 1 in which said bounce-

suPpressmn means comprises a cam carried by one of said
parts and a detent element carried by the other of said
parts, and biasing means urging said detent element and
said cam into engagement with each other, said cam being
shaped to provide for transmissicn of said force pulse from

said driving part to said driven part during said portion o4
of the wipe travel closely following initial impact between.

said contacts, said cam being further shaped to include a
dwell portion that substantiaily terminates said force pulse

15

after a predetermined wipe travel of said driving part suffi-

cient to locate said detent element on said dwell portion,
said cam being still further shaped to include a second.

dwell portion along which said detent element moves
during a portion of the wipe travel preceding initiation of
said force pulse. -

8. The combination of claim 1 in Wthh said bounce-
suppressing means comprises a detent mechanism between
said driving and driven parts that also operates to oppose
overrunning of said driven part relative to said driving
part upon termination of a contact-opening stroke.

9. A method of controlling a movable contact so as to
suppress its tendency to bounce following impact with a

stationary contact comprising the steps of:

- 1mpact.

{a) applymg a spring force to said movable contact
from the initial instant of impact unti movable con-
tact has settied down to a static equilibrium condition
in which it engages said stationary contact, said spring
force being insuilicient by itself to prevent said mov-
able contact from rebounding temporarily out of
engagement with said statlonary contact followlng
initial impact,

(b) applying a transient fmce pulse to said movable
contact that supplements said spring force,

{¢) controiling said force pulse in such a manner that
it is initiated following initial impact but prior to

expiration of the initial perod that the contacts would
have remained i Im enﬂagement m the abﬂ'enf“e of said
force pulse,

(d) and termlnaung said force pulse subst'lntmlly be-
fore said movable contact has settled down to said
static equilibrium condition but after expiration of
said initial period that the contacts would have re-
mained in engagement in the absence of said force
pulse.

10 The method of claim 9 in wh1ch said transient

force pulse is initiated after a time dehy lollowmg mmal

11. Thé method of claim 9 n ‘WhICh said transient force
pulse is initiated after a time delay following initial im-

- pact and during the second-occurring third of said initial

p"‘I‘lOd that the contacts would have remained in engage-

| ment in the absence of said force pulse.
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