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Application October 7, 1942, Serial No. 461,169
(CL 175—335)

5 Claims.

This invention relates to control mechanisms
and has as its general object to provide an im-
proved arrangement for imparting g two-stage
movement to g shiftable control element in re-
spense to variations in speed of a rotating body.
The invention is applicable to any mechanism in
which a control element having two or more posi-
tions (in addition to a neutra] or starting posi-
tion) is controlled in accordance with the speed
of rotation of a member of the mechanism, and
Is particularly useful in an automatic or semi-
automatic transmission, such as that shown in
the pending application of John M. Simpson and
Harold E. Carnagua, Serial No. 426,122, filed Jan-
uary 9, 1942, wherein a valve having two active
control positions is moved from a neutral position
to each of these control positions under the con-
trol of a governor.

One of the objects of the invention is to pro-
vide a relatively simple control arrangement for
thus shifting a multiple position control element.
To this end, the invention provides an arrange-
ment in which the control valve or ultimate con-
trol element is linked to the governor through
the medium of g novel multiple stage solenoid and
a multiple stage switch, the switch being operated
by the governor and in turn controliing the ener-
gization of the solenoid. .

A further object of the invention is to provide
an improved control mechanism embodying a
novel multiple stage solenoid adapted to impart
' successive stages of movement to a common
axially moving element.

A more specific object of the invention is to
. brovide an improved control mechanism embody-~
ing a plurality of coils adapted to be energized
successively and a plurality of armatures adapted
to be energized by the respective coils, together
with means for connecting both armatures to a
common axially moving element in such s man-
ner that the latter element is moved to one posi-
tion by energized movement of one armature and
to a second position by energized movement of
another armature.

A further object of the invention ig to provide,
in an arrangement such as that last referred to,
& solenoid having two sets of coils each compris-
ing a moving coil and a holding coil, wherein the
respective sets of coils are adapted to be succes-
sively energized and wherein means is provided
for deenergizing the moving coil of a respective
set of coils as soon as the corresponding armature
has completed its energized movement.

Another object of the invention is to provide
an improved conirol mechanism embodying a
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novel governor having g multiple stage action for
closing in succession g plurality of sets of con-
tacts of a multiple stage switch.

Other objects, the advantages and uses of the
invention will become more apparent after read-
ing the following specification and claims, and
after consideration of the drawings forming g
part of the specification, wherein:

Fig, 1 is an axial sectional view of the governor
and switch portion of a control mechanism em-
bodying my invention;

Fig, 2 is a transverse sectional view of the gov-
ernor taken as indicated by the line 2—2 of Fig. 1;

Fig. 3 is a skeletonized circuit diagram of g
control mechanism embodying my Invention;

Fig. 4 is g side elevation, partially in axial sec-
tion, of the two-stage solenoid vortion of the
mechanism embodying my invention; and

Fig. 5 is an end elevation of the solenoid mech-
anism.

As an example of one form in which my inven-
tion may be embodied, I have shown in Fig. 3 a
skeletonized circuit diagram of a control mecha- -
nism wherein & two-stage solenoid, indicated dig-
grammatically at S and shown in detail in Fig. 4,
is adapted to impart two stages of movement to
a control element 16 (Fig. 4) when energized in
successive stages of energization by a source of
electric current B, under the control of a two
stage switch, indicated generally at C, which in
turn is controlled by 2 two stage governor, indi-
cated generally at G. Current from the source
B passes first through a manual control switch
12, then through a.common conductor {4 and
parallel conductors 16, 16’ to the contacts 18, (8’
of a pair of relays indicated generally as R and
R’ respectively. Colls 26, 26’ of the relays R, R’
are energized through a common conductor 22
extending from the manual switch 12 to the com-
mon contact 24 of the switch C, then through the
contacts 26, 26’ and conductors 28, 28’. Trom
the contacts 30, 30’ of the relays R, R’, conductors
32, 32’ lead to the moving coils 34, 34’ and also
the helding coils 36, 357, respectively of the sole-
noid 8. The holding coils 36, 36’ are grounded
directly as at 38, 38°, while the moving coils 34, 34’
are grounded through cutout switches 40, 40’ by
means of which the respective moving coils may
be deenergized as soon as their corresponding
armatures have completed their respective ener-
gized movements.

The control element 10 may be a valve having
two active control positions, in which it is adapted
to direct hydraulic fluid, under pressure, through
different paths for effecting different or modified
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control function such as the application of & hy-
draulic torque converter lockup clutch on the one
hand and the engagement of a planetary gear set
lockup clutch on the other hand, in a transmis-
sion such as that shown in the above identified
- application Serial No. 426,122,

The hydraulic actuating unit of the planetary
gear set lockup clutch is shown in Fig. 1, and in-
cludes a cylinder 42 secured to the driven shaft 44
of the transmission and a piston 45 operating in
the cylinder 42 and adapted, when fluid is ad-
mitted to the cylinder through the port 48, to
move forwardly for engaging the clutch. The
overall casing of the transmission is shown at 48,
being provided with an end wall 50 having a boss
54 carrying a bearing 52 in which the shaft 44 is
journaled,

The governor is designed to occupy an annular
space surrounding the boss 54 between the end of
the cylinder 42 and the end wall 56. This space
would otherwise be wasted. The governor com-
prises an axially fixed disc 56 mounted on the rear
of the cylinder 42 and having a rearwardly ex-
tending sleeve 58, and an axially movable disc 60
including a hub portion 62 slidably mounted on
the sleeve 58. The discs 56 and 60 enclose between
them a plurality of centrifugal weights 64 which
are pivoted upon the disc 56 as indicated at 66
in Fig. 2 and which are adapted, under the effect
of centrifugal force, to swing outwardly, acting in
sticcessive stages upon two conical portions 68 and
10, respectively, of the disc 60 so as to move the
disc 60 rearwardly in successive stages of move-
ment. A ball 12. socketed in the end region of
each weight, provides the contact with the coni-
cal dise portions 68 and 10. The conical portion
68 is separated from the portion 10 by an an-
nuar ridee 74 of greater inclination from a radial
plane than that ot the conical portion 68, so as
to cause the welghts to dwell at the end of the
first stage of movement until an appreciably
higher rate of rotation has been attained before
commencing the second stage of movement, The
conical portion 10 has a lesser inclination from
the radial than the conical portion 68, in order
that the second stage of movement may not be
unduly prolonged. In this connection it may be
noted that the outward extension of the weights is
opposed by coil springs 16 each having one end
attached to a free end of a respective weight and
its other end attached to an adjustable anchor 18,
pivoted at 80 to the disc 56 and secured in ad-
justed position by a screw 82 extending throush
an arcuate slot 84 therein and threaded into the
disc 56. The pull of this spring increases with
the increased outward movement of the welght,
and the lower inclination of the conical portion
10 compensates for this increased pull, as well as
cutting down the amount of increase in speed
necessary to effect the second stage of movement
as compared to that necessary to effect the first
stage of movement, if desired. Outwardly of the
conical portion 710, the disc 60 is provided with a
dwell portion 86, in which the ball T2 may dwell
during decrease in speed so that the first stage
of return movement of the weight is commenced
at a substantially lower speed than that at which
the final stage of extension was completed. The
same effect is produced in the transition from the
first to the second stage of return movement,
owing to the difference in inclination between the
conical portions 10 and 68.

An axially shiftable driving connection between
the dises 56 and 80 is effected by a tongue 88
formed on the periphery of the disc 56 and ex-~
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tending through a notch 90 in the periphery of
the disc 60.

The multiple stage switch C may embody any
approved contact mechanism, preferably of &
snap action type, but for the sake of simplicity
in illustration, it has been shown as comprising
simply a pair of contacts 26 and 24 adapted to be
closed in the first stage of governor action and &
pair of contacts 24 and 28’ adapted to be closed
in the second stage of governor action, the re-
spective contacts being mounted In & base 98 of
suitable insulating material secured in transmis-
sion housing 48. .

Movement is transmitted from the governor to
the switch contact 26 by means of an annular
plate 88 encircling the sleeve §8 and mounted
upon pins 100 which are mounted in a washer 102
likewise encircling the sleeve 58 and abutted
against a nut 104 threaded on to the end of the
sleeve. Coil springs 106, encircling the pins 100,
yieldingly resist the centrifugal weight energized
movement of the disc 80 which is communicated
to the plate 98. The movement of the plate 98
under centrifugal action is communicated to a
pin 108 axially slidable in & boss {10 in the switch
base 96 and having a shoulder 112 in engagement
with the switch contact 26. In the first stage of
governor action, the contact 26 will be moved into
engagement with the contact 24, thus energizing
the relay R which in turn establishes a circuit to
the coils 34 and 36 of the solenoid. In the sec-
ond stage of governor action, the contact 24 is
moved into engagement with the contact 28’, en-
ergizing the relay R’ which in turn energizes the
coils 34’ and 86’ of the solenoid.

The solenoid S comprises a casing {14 having
an exteriorly threaded neck (16 by means of
which it may be mounted on a support, and the-
pairs of coils 34, 36 and 34’, 36’, which are mount-
ed in coaxial end-to-end relationship in the cas-
ing (14, and the armatures 118, 118’ which are
slidably mounted in the liners 120, 120’ of the re-
spective pairs of coils. The liner 120 has an off-
set portion 122 and the armature 118 has a cor-
responding shoulder (24 adapted to engage the
offset 122 to limit the movement of the armature
{18 away from its energized position. The arma-
ture 118’ is connected to the control element 10
by a stem 81 which extends through the neck 1 (6.
Movement of the armature (18’ under energized
solenoid action is yieldingly resisted by a spring
92 encircling the stem 91, one end of the spring
92 being engaged against the control element 10
and the other end of the spring 92 being engaged
against a shoulder 94 in the neck I16. The arma-
ture 118 has a bore 126 one end of which is en-
larged as at {28. A draft link 138 in the form of
a bolt is extended through the bore 126, has a
head 132 received in the enlarged portion 128 of
the bore, and is threaded at its other end into the
armature 118’. The link 130 forms & lost motion
draft connection between the armatures 118 and
{18’ by means of which energized movement of
the armature |18 is transmitted to the armature
118’ to produce the first stage of movement of the
control element 10, and permitting the armature
{18’ to move further in the same direction to pro-
duce the second stage of movement of the control
element 10, while the armature 118 remains sta-
tionary. During this second stage of movement
the draft 1ink 30 slides in the bore 126.

Opposite the neck 118, the casing §14 is closed
by an end wall 134 on which is mounted an annu-
1ar switch base 136 of suitable insulating material.
The switch 40’ comprises & fixed contact carried
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by a bracket 138 mounted on the base 136 and a
movable contact carried by a spring arm 140
mounted on a bracket {42 on the base 136 and
biased toward the closed position of the contacts.
The switch 40 comprises a fixed contact 144 se-
cured against the base 136 and g movable con-
" tact carried by a spring arm 14g having a bracket
bortion I47 secured to the base 138. The free
end of the spring arm (46 extends beyond the con-
tact which it carries, and is adapted o be engaged
by a sleeve 148 slidably mounted in g bushing {50
which in turn is mounted in the center of the sole-
noid casing end wal) 134, Slidably mounted with-
in the sleeve 148 is a push pin {82 having a head
* 154 engaging the arm (40 of the switch 40’. A
light coil spring (58, received in an enlargement
of the bore of the sleeve 148, has one end engaged
against the shoulder {58 defining the end of such
enlargement and its other end engaged against
the head 154 s0 as to yieldingly maintain the push
* pin {52 in engagement with the arm (40. .

In the operation of the solenoid, the first stage
of action is effected by energization of the coils
34 and 36, drawing the armature 118 to the left
as viewed in Pig. 4. At the conclusion of this
movement, the armature {18 contacts the end of
the sleeve 148 which normally projects slightly
beyond the bushing 156, and moves the sleeve 148
to the left so as to open the switch 40, thus deen-
ergizing the moving coil 34 while the holding coil
36 remains energized. The armature 18 is
stopped by its contact with the bushing 156. This
first stage of armature movement is transmitted
from the armature {18 through the draft link 130
to the armature §18’ and thence to the control
element 10 through the stem 92,

In the second stage of solenoid action, the coils
34’ and 36’ are energized, drawing the armature
118’ further to the left while the draft link 130
moves axlally through the bore {26 of the arma-
ture 118, into contact with the push pin 152, mov-
ing the latter to the left and opening the switch
40’. This deenergizes the moving coil 34’, leaving
the holding coil 36’ energized. This second stage
of movement is transmitted directly from the ar-
mature ({8’ to the control element 10, mov-
ing the latter to its second active control position.

These two stages of solenoid action are pro-
duced by the closing of the switch contacts 26, 24
and the subsequent closing of the contacts 24, 26’
in response to the two stages of governor action.
As long as the governor weights remain in their
fully extended positions, the contro] element 10
will be maintained in jts second active contro] po-
sition by the solenoid. When the weights drop
back to their intermediate positions, the springs
106 will move the plate 98 to the left as viewed
‘in Fig, 1, bermitting the contacts 24 and 26’ to
open and deenergizing the coils 34’ and 36’ of the
solenold. The spring 92 will then move the con-
trol element 10 back to its intermediate or first
active control position, causing the controlled
mechanism, if it be a transmission such ag that
described in the above identified application Se-
ria]l No. 426,122, to be shifted down to the gear
ratio controlled by said intermediate position.
When the governor weights recede from their in-
termediate positions, the plate 98 wil be moved
further to the left by the springs 106, permitting
the contacts 24 and 26 to oben, completely deen-
ergizing the solenoid and permitting the spring 92
to move the contro} element 18 back to its start-
ing position.

I claim:

1. A solenoid including 5 hbusing and a plu-~
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rality of pairs of coils in said housing, said pairs
of coils having their axes on a common line and
each pair including g moving coil and a holding
coill, a tubular armature Positioned within one
of said pairs of coils, g second armatyre Posi-
tioned within another of said pairs of colls, a
pull rod connected with said second
and extending through said tubular armature
and having a head adapted to coact with the
tubular armature to form a lost motion connec-
tion for mechanically transmitting movement of
said tubular armature to said second armature,
sald tubular armature being adapted to be moved
to its attracted position and to transmit such
movement to said second armature through said
pull rod when the moving coil corresponding to
sald tubular armature is energized, and said sec-
ond armature being adapted to be moved farthey
in the direction of the aforesaid movement to its
attracted position when its corresponding moving
coll is energized, said latter movement being per-
mitted by the movement of said pull rod through
said tubular armature, a first self-closing switch
carried by said housing for completing the cir-
cuit through the moving coil of one of said pairs

‘of coils, a second self-closing switch carried by

* said housing for completing the circuit through
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the moving coil of the other of said pairs of coils,
a thrust member supported by said housing adja-
cent said first switch and in the path of move-
ment of said tubular armature and adapted to
open said first switch following energized move-
ment of said tubular armature to its attracted
bosition, and a second thrust member supported
by said first thrust member adjacent the second
switch and in the path of movement of said pull
rod and adapted to open said second switch
following energized movement of sald second ar-

‘mature and the pull rod connected therewith.

2. A solenoid including & housing and a plu-
rality of pairs of coils in said housing, said pairs
of coils having their axes on a common line and.
each pair including a moving coil and a holding
coll, a tubular armature positioned within one
of said pairs of coils, a second armature posi-
tioned within another of sald pairs of coils, a
pull rod connected with said second armature
and extending through said tubular armature
and having a head adapted to coact with the tubu-
lar armature to form a lost motion connection for
mechanically transmitting movement of said tu-
bular armature to said second armature, said
tubular armature being adapted to be moved to
its attracted position and to transmit such move-
ment to said second armature through said pull
rod when the moving coil corresponding to said
tubular armature is energized, and said second
armature being adapted to be moved farther in
the direction of the aforesaid movement to its
attracted position when its corresponding moving
coil is energized, said latter movement being per-
mitted by the movement of sald pull rod through
said tubular armature, g firsg self-closing switch
carried by said housing for completing the cireuit
through the moving coil of one of said pairs of
coils, a second self-closing switch carried by said
housing for completing the circuit through the
moving coil of the other of said pairs of coils,
a thrust member supported by said housing adja-
cent said first switch and in the path of movement
of said tubular armature and adapted to open
saild first switch following energized movement
of said tubular armature to its attracted position,
& second thrust member supported by said first
thrust member adjacent the second switch and in
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the path of movement of said pull rod and adapt-
ed to open said second switch following energized
movement of said second armature and the pull
rod connected therewith, and & spring interposed
between said thrust members for maintaining said
second thrust member in contact with sald sec-
ond switch.

3. In combination, a source of electrical energy,
a solenocid having a housing and a plurality of
. stages of action and including a plurality of pairs
of coaxial coils, said pairs of coils each including
a moving coil and a holding coil, means connecti-
ble between sald source of energy and the pairs
of colls of said solenoid for supplying energy to
them successively, a tubular armature movable
within one of said pairs of colls, a second arma-
ture movable within another of said pairs of colils,
a pull rod secured in said second armature and
extending through said tubular armature and
having s head adapted to coact with the tubular
armature to form & lost motion connection there-
with, a first stage of solenoid action, said first
stage of action being effected by energization of
said one pair of coils whereupon said tubular
armature is moved to its attracted position and
transmits said movement through said pull rod
to said second armature, & second stage of sole-
noid action, said second stage of action being
effected by energization of said other pair of coils
resulting in further movement of said second
armature in the direction of the aforesaid move-
ment, which further movement is permitted by
the movement of said pull rod within said tubular
armature, a first self-closing switch carried by
said housing for completing the circuit through
the moving coil of one of said pairs of coils, a
second self-closing switch carried by said housing
for completing the circuit through the moving
coil of another of said pairs of coils, & thrust
sleeve supported by said housing adjacent said
first switch and in the path of movement of said
.tubular armature and adapted to open said first
switch following energized movement of said
tupbular armature, & movable pin supported by
said thrust sleeve adjacent the second self-closing
switch and in the path of movement of said pull
rod and adapted to opén said second self-closing
switch following energized movement of said
second armature, and 2 spring interposed be-
tween said movable pin and said thrust sleeve for
maintaining said pin in contact with said second
switch.

4. A solenoid including a pair of coils having
their axes on a common line, a tubular armature
positioned within one of said coils, a second arma-
fure positioned within the other of said coils, &
rod connected with sald second armature extend-
ing through said tubular armature and having a
lost-motion connection with the tubular armature
for mechanically transmitting movement of the
tubular armature to sald second armature, said
tubular armature being adapted to be moved to
its attracted position and to transmit such move-
ment to said second armature through said rod
when the coil corresponding to the tubular arma-
ture is energized, and said second armature being
adapted to be moved farther in the direction of
the aforesaid movement to its attracted position
when its corresponding coil is energized, said
latter movement being permitted by the move-
ment of said rod through said tubular armature,
a first switch connected with said coil for said
tubular armature for completing a circuit through
said coil for said tubular armature, a second
switch connected with the other of sald colls for
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completing a circuit through the other of sald
colls, & thrust member in the path of movement
of said tubular armature, means actuated by sald
thrust member for effecting opening of sald first
switch following energized movement of said
tubular armature to its attracted position, and
a second thrust member supported by said first
thrust member and in the path of movement of
said second armature, means actuated by sald
second thrust member for effecting opening of
said second switch following energized movement
of said second armature and said rod connected
therewith.

5. A solenoid including a plurality of palirs of
coils having their axes on & common line and
each pair including a moving coil and a holding
coil, a tubular armature positioned within cne
of said pairs of colls, & second armature posi-
tioned within another of said pairs of coils, & rod
connected with said second armature and extend-
ing through said tubular armature and having &
lost-motion connection with said tubular arma-
ture for mechanically transmitting movement of
said tubular armature to said second armature,
said tubular armature being adapted to be moved
to its attracted position and to transmit such
movement to said second armature through said
rod when the moving coil corresponding to said
tubular armature is energized, and said second
armature being adapted to be moved farther in
the direction of the aforesaid movement to its
attracted position when its corresponding mov-
ing coil is energized, said latter movement being
permitted by the movement of said rod through

. said tubular armature, 2 first switch connected

with said moving coil for said tubular armature
fcr completing a circuit through the moving coil
for sald tubular armature, & second switch con-
nected with the moving coil for said second arma-
ture for completing a circuit through the moving
coil for the second armature, a thrust member
adjacent said first switch and in the path of
movement of said tubular armature, means actu-
ated by said thrust member for effecting opening
of seid first switch f~llowing energized movement
of said tubular armauure to its attracted position,
and a secord thrust member supported by said
first thrust member adjacent the second switch
and in the path of movement of said rod, and
means actuated by sald second thrust member
for effecting opening of said second switch fol-
lowing energized movement of said second arma-
ture and the rod connected therewith.
HAROLD E. CARNAGUA.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
723,119 Zwelgbergk - Mar. 17, 1903
829,511 Davis oo Aug. 28, 1906

1,000,477 Wyman _—————-- —___ Aug. 15,1911
1,107,844 Rumolino — - Aug. 18, 1914
1,430,570 Leffler oo Oct. 3, 1922
1,645,628 Smith e Oct. 18, 1927
1,678,219 Hansen —-c-c—ee———- July 24, 1928
2,079,016  Horne _————————---— May 4, 1937
2,131,942 Evansetal, - Oct. 4, 1938
2,190,650 Carewetal - cene Feb. 20, 1940
2,211,701 McGrath - Aug. 13, 1940
2,214,099 Claytor oo cmammemo Sept. 10, 1940
2,220,813 Derungs - —c——eme————m Nov. 5, 1940
2,248,095 Lande ——-—eeemmem—— July 8, 1941
2,292,736 BetZ oo Aug. 11, 1942



