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(70 I, JouN WELSH, a citizen of the
United States of America, of 1136 Linmar
Drive, North Canton, Summit County,
State of Ohio 44720, United States of

5 America, do hereby declare the invention
for which 1 pray that a patent may be
granted to me, and the method by which
it is to be performed, to be particularly
described in and by the following state-

10 ment:— )

This invention relates to electrical con-
trol apparatus. »

The  conversion of electrical energy to
mechanical energy by electric motors in

15 applications such as industrial and re-

creational vehicles has been known for
many years. More recently, attempts are
being made to develop electric motor driven
automobiles due to environmental and
other considerations. In general, the elec-
trical control umits for regulating the mag-
nitude of current flow from a battery to a
drive motor in such applications has been
noteworthy for lack of technical sophisti-
cation. Characteristically such apparatus
has employed a plurality of fixed contacts
associated with differing magnitudes of re-
sistance and a single movable contact which
sequentially engages the fixed contacts to

30 provide current flow of a graduated magni-
tude to the drive motor. The inevitable
arcing and heat attendant the engagement

and disengagement of the fixed contacts by
the movable contacts in such arrangements
is compensated for to an extent by pro-
viding massive contacts which have some
capability of withstanding repeated arcing
~and attendant burning. However, what-
ever the size and material composition of
such contacts, it is universally known that
such units experience rapid deterioration
in performance uniformity due to burning
and pitting of the contacts if not total
operational failure. Frequent replacement

45 of the contacts or the control units in their
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entirety has become accepted practice in
the use of devices of this nature. These
problems are further intensified and become
increasingly eritical in larger driven units
operating in higher power ranges.

The reduction or control of such dele-
terjous arcing in these or other similar
applications have been the subject of con-
sideration on many different fronts. It has
been theoretically recognized that electrical
arcing occurs when electrical conductors of
differing magnitudes of potential come into
sufficiently close physical proximity for the
geometric and interfacing characteristics
extant that the interface medium becomes
conductive or when physically connected
conductors in which a current is flowing are
drawn apart thereby ionizing the interface
medium into a conductive state. In the
operation of the commercial electrical con-
trol units described above both of these
conditions tending to produce arcing are
encountered, normally on a repetitive basis.

In various applications, the prior art has
recognized sevéral techniques which may be
employed to control arcing to some extent
in the aforementioned conditions. One
approach contemplates the preconditioning
of electrical conductors to substantjally the
same electrical potential prior to their com-
ing into sufficiently close physical proximity
to produce arcing. Another approach con-
templates the reduction of an existing cur-
rent flow between connected conductors
prior to effecting physical separation.
Closely related to this latter approach is a°
technique involving the establishment of an
alternate current path of a much higher
resistance than the normal current path
through the conductors such that a “bleed”
path is provided for the current during the
separation of the electrical conductors or a
“trickle” current is established between the
conductors prior to their engagement. Fur-
ther refinements of this technique involve 90
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methods of switching in the alternate cur-

rent .path just prior to the separation of the

-electrical conductors and the switching out

_ of ‘the alternate current- path immediately

'5 following separation of the electrical con-
ductors to thereby conserve the powér los-

~ ses attendant to the establishment of such
alternate current path. Due to the require-
ment that an alternate high impedance, low

10 current path be maintained for only a brief
time ‘duration and the requirement for high
power handling capabilities, these various
prior art devices have not provided a viable
solution to the problems presented in the

15 electrical control apparatus applications
hereinabove discussed.

According to the present invention we
provide electrical control apparatus com-
prising a mounting, a plurality of discrete

20 load contacts disposed in fixed relation on
said mounting and connected with differing
magnitudes of impedance, a power contact
movable relative to said discrete load con-
tacts for permitting continuously progressive

25 sequential engagement therewith, transition

. means, including a movable contact, con-

" nectable to each of said discrete load con-

tacts prior to engagement by said power
contact and providing a maintaipable full

30 load alternate current path through each of
said plurality of discrete load contacts prior

- to engagement of said discrete load contact
by said power contact, thereby providing
in use of the apparatus a graduated change
in the magnitude of electrical energy trans-
fer through the appdratus substantially
without arcing between primarily said dis-
crete load contacts and said power contact.

In order that the invention may be more
40 fully understood, a preferred embodiment,

in accordance therewith will now be de-

" scribed by way of example only, with re-
ference to the accompanying drawings, in
which : —

Fig. 1 is a horizontal partial sectional
view of an electrical control apparatus
taken substantially along line 1-1 of Fig.
2 and depicting particularly an exemplary
contact arrangement;

Fig. 2 is an elevational view through an
electrical control apparatus taken substan-
tially along line 2-2 of Fig. 1;

Fig. 3 is a horizontal fragmentary sec-
tional view taken substantially along the
55 line 3-3 of Fig. 2 showing particularly the

electric sequencing assembly and velocity
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control arm locking mechanism and depict--

ing the Jocking mechanism in the neutral
directional position allowing operation of
60 the velocity control assembly; _
Fig. 4 is a horizontal fragmentary sec-
tional view taken substantially along the
line 4-4 of Fig. 2 showing particularly the
velocity control arm locking mechanism de-
65 picting the locking mechanism in an inter-

mediate position precluding operation of
the velocity control assembly;

Fig. 5 is a horizontal fragmentary sec-
tional view similar to and taken substan-
tially as Fig. 4 of the velocity control arm
locking mechanism depicting the locking
mechanism in the forward directional posi-
tion with the velocity control arm in an
intermediate position; ' .

Fig. 6 is a perspective view of the cam
operated timing switch as embodied within
the present invention; and .

Fig. 7 is a schematic diagram of the elec-
trical components and interconnections of
the embodiment of the present invention
depicted in" Figs. 1-6, above.

Referring now to the drawings in which
like reference characters designate like or
corresponding parts throughout the various
views, and particularly to Fig. 2 thereof,
the electrical control apparatus is indicated
generally by the numeral 10. In this
depicted embodiment the electrical control
apparatus 10 includes a somewhat
cup-shaped ' generally cylindrical housing
11 closed at one extremity by a
bottom plate 12 which may be  affixed to
housing 11 by any suitable means including
adhesion or by removable fasteners (not
shown) so as to facilitate entry into an in-
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terior annular chamber formed by inner -

wall 13 of housing 11. These structural
units may be formed of any of a number
of electrical insulating materials such as

~any one of a number of plastics which

would occur to persons skilled in the art.
Although for convenience the electrical con-
trol apparatus 10 is depicted and shall here-
inafter be referred to in the description with
the axis that is perpendicular to and in the
center of bottom plate 12 as the “vertical
axis”, it should be appreciated that the
apparatus may be mounted and will operate
equally well in any attitudinal position.
The operational elements of electrical
control apparatus 10 include a direction
control assembly, generally indicated by
the numeral 14, having a direction control
shaft 15 which extends along the vertical
axis through cylindrical housing 11 and
bottom plate 12. The direction control as-
sembly 14 is rotatably carried by direction
control shaft 15 and a portion thereof is
interposed between spacers 21 and 22 so
as to provide appropriate spacing as will
be hereinafter further described. A velo-
city control assembly, generally indicated
by numeral 16, includes a velocity control
shaft 17, which is coaxially associated with
direction control shaft 15 and carries ele-
ments which are independently rotatable
about the vertical axis of electrical control
apparatus 10. An electrical sequencing as-
sembly, generally indicated by the numeral
19, is coaxially disposed around velocity
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control. shaft 17 and seats against a collar

17’ formed thereon. A biasing device
such as a spring 20 interposed between elec-
trical sequencing assembly 19 and cylindri-
5 cal housing 11 continually urges electrical

sequencing assembly 19, velocity control as--

sembly 16, spacer 21, direction control as-
sembly 14 and spacer 22 against bottom
plate 12 to ensure detention of the spacing

10 of these componénts as depicted in Fig. 2.
Retaining rings 23 and 24 and spacer 25
are provided on direction control shaft 15
to ensure maintenance of a fixed vertical
spatial relation between these components

15 and direction control shaft 15. The shafts
15 and 17 may extend a distance beyond
housing 11 at one end thereof as seen in
Fig. 2 to facilitate attachment of mechani-
cal linkages for remote control.

20 Turning now to Figs. 1 and 2 a plurality
of spaced direction contacts, 26A, 26B and
26C, are arranged in and flush with or
protruding slightly from an interior surface
27 of bottom plate 12. The contacts 26A,

25 26B, 26C may be conveniently positioned
radially equidistant from the vertical axis
and equiangularly spaced in an arc. Direc-
tion contacts 26A, 26B and 26C, and the
other contacts hereinafter described, may

30 be made of any suitable preferably highly
conductive material such as copper, brass,
silver or gold plated copper. A direction
selection contact 28 is arranged in and pre-
ferably flush with or protruding slightly

35 from the interior surface 27 of bottom plate
12, and is radially interposed between the
direction contacts 26A and 26C and a
power contact 29 as in an arc defined by
the maximum arcuate separation between

- 40 direction contacts 26A and 26C. The power
contact 29 imay be arranged in surface 27
similar to contact 28 and radially interposed
between the direction selection contact 28
and direction control shaft 15 in an arc

45 extending at least between direction ¢on-
tacts 26A and 26B.

The directional control assembly 14 in-
cludes -movable direction selection ‘contact
30 and movable «direction power contact 31

50 having radially inwardly and radially out-
wardly located contact surfaces 31’ and
317, respectively, both -carried by a direc-
tion control arm 32 attached, as by a pin
33, for rotation with direction control shaft

55 15. Contact surfaces 30, 317, :and 31" are
in a fixed spatial orientation 'such that when
the 'direction ‘control shaft 15 is rotated in
a clockwise direction from the position of
Fig. 1 until the movable direction power

60 contact surfaces 317, 3il” are Simultancously
in ‘contact with both the power contact 29
and the direction ‘contact 26B, respectively,
the movable direction selection contact 30
is simultaneously in contact with both the

65 direction selection contact 28 and the direc-

tion contact 26A. At this location, direc-
tion control arm 32 engages a stop 27A
projecting from bottom plate 12 precluding
further clockwise rotation. As will be here-
inafter discussed, this positioning of the 70
direction control assembly 14 will enable
an associated motor to operate in one,
suich as a forward, direction of rotation.
Similarly, rotating the direction control -arm

32 in a counterclockwise direction until the 75
movable direction power contact surfaces
31’ and 31” are simultaneously in contact
with both power contact 29 and direction
contact 26A, respectively, and the movable
direction selection contact surface 30 is 80
simultaneously "in contact with both the
direction selection contact 28 and the direc-
tion contact 26C, results in an associated
motor as aforesaid operating in an oppo-
site direction of rotation. At this location, 85
direction control arm 32 engages a stop
27B projecting from bottom plate 12 pre-
cluding further counterclockwise rotation.

Direction contacts 26A, 26B and 26C,
and all the contacts associated with bottom 90
plate 12, have as an integral part thereof
a threaded stud 39 extending through the
bottom  plate 12 onto which a washer 35
is positioned and a nut 36 is threadably
attached for removable connection to con- 95
ductors as will hereinafter be described.

Angularly displaced from direction con-
tacts 26A, 26B and 26C, a plurality of dis-
crete load contacts 37A, 37B, 37C, and
37D are arranged fixedly with respect to 100
and preferably flush with or protruding
slightly from the interior surface 27 of bot-
tom plate 12 equidistant from the vertical
axis and equispaced in an arc. A transition
contact 38 is arranged in interior surface 105
27 of bottom plate 12 preferably.in the
manner of load contacts 37A, 37B, 37C
and 37D and positioned radially inwardly
of the discrete load contacts 37A, 37B, 37C
and 37D in an arc approxiinately defined 110
by the maximum arcuate separation be-
tween discrete load contacts 37A and 37D.

A power contact 29 is positioned radially
inwardly of transition contact 38 and may

be a circumferential extemsion -of contact 115
29 associated with direction wcontacts 26A,
26B and 26C (as shown) or a separate ele-
ment of lesser arcuate extent — -substan-
tially between contacts 37A, 37B, 37C :and
37D — and electrically dinterconnected to 120
the power contact 29 associated with
direction control assembly 14.

Movable transition ‘contact 40 and mov-
able velocity power contact 41 having radi-
ally inwardly :and radially -outwardly locat- 125
ed -contact ‘surfaces 41’ and 41”7, respec-
tively, are ccarried in recesses 42 in a velo-
city contrel arm 18 projecting from -and,
-as shown, formed integrally with wvelocity

control shaft 17. Contact surfaces 40, 41/, 130
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and 41” are configured in such a fixed
spatial orientation that when movable velo-

city power contact surface 41” is positioned

. substantially centrally over and engaged
5 with a discrete load contact, such as 37A,
the movable -transition contact 40 is posi-
tioned over and engaged with the adjacent
discrete load contact, in such instance con-.
tact 37B. Angular stops 29A and 29B are
10 positioned so as to permit velocity control
arm 18 to rotate through a sufficient por-
tion of an arc to permit movable velocity
power contact surface 41” to continuously
sequentially move from an off position
15 over interior surface 27 adjacent to discrete
load contact 37A (as seen in Fig. 1) to a
full velocity position centrally over and en-
gaged with discrete load contact 37D, posi-
tions directly over discrete load contacts
20 37B and 37C being intermediate sequen-
tially stepped velocity positions. Simul-
taneously, movable transition contact 40
continuously sequentially moves from a
. position partially over and engaged with
25 discrete load contact 37A to a position
over interior surface 27 adjacent to discrete
load contact 37D. ’

Discrete load contacts 37A, 37B, 37C and
37D are shaped and spaced within an arc

30 between angular stops 29A and 29B so as
to permit movable transition contact 40 to
sequentially engage first a discrete load con-
tact, such as 37A, progressively move there-
off, and intermittently repose between dis-

" 35 crete load contacts, such as 37A and 37B,
prior to progressive engagement with the
next adjacent discrete load contact, in such
instance contact 37B, for electrical transition
sequencing functions to .be hereinafter de-

40 scribed. Both movable velocity power con-
tact surface 41’ and movable direction
power contact surface 31’ ‘continuously en-
gage power contact 29 during the entire ex-
tent of their rotational travel. Similarly,

* 45 movable transition contact 40 continuously
engages transition' contact 38, and in the
same manner movable direction selection
contact 30 continuously engages direction
selection contact 28. Movable velocity

50 power contact 41 and movable direction
power contact 31 constitute bridging con-
tacts provide mnonengaging passage over
transition contact 38 and direction selection
contact 28, respectively, during rotation of

55 velocity control arm 18 and' direction con-
trol arm 32.

Each of the above-described movable
contacts is biased axially downwardly with
sufficient mechanical force to ensure good

60 electrical connection with the respective
contacts-of bottom plate 12. As shown by
way of example, a leaf spring 43 in recess
42 urges movable velocity power contact
.surfaces 41" and 41” away from velocity

65 control arm 18. Coil springs or other

biasing devices could be employed equally
well to effect this function.

Referring now particularly to Figs. 2, 3
and 7, the electrical sequencing assembly 19

includes a nonconductive disk-like member 70

.44, a deceleration relay limit switch 45 (Fig.

7), and a transition timing relay limit switch
46 (Fig. 7). -The deceleration rélay limit
switch 45 includes a relay power feeder bus
47 which may be partially embedded within 75
disk-like member 44 arranged in an arcuate
disposition about direction control shaft 15,
and a relay power takeoff bus 48 situated on
disk-like member 44 similar to relay power
feeder bus 47 except being disposed about a
different arc on disk-like member 44 than
that of relay power feeder bus 47. A
vertical contact 49 extends upwardly of
velocity control arm 18 through a notch 44’ )
in disk-like member 44 to a position inter- 85
posed between and proximate to the ex-
tremities of relay power feeder bus 47 and
relay power takeoff bus 48. A conductor
50 is connected between vertical contact 49
and relay power feeder bus 47 by any
suitable fastening devices such as screws,
51 and 52, respectively, thereby providing a
single electrical identity for both vertical
contact 49 and relay power feeder bus 47
and also furnishing rotational biasing to
maintain vertical contact 49 in engagement
with relay power takeoff bus 48 at all times
during zero or forward acceleration of velo-
city control assembly 16 (ie., during
stationary positioning or clockwise motion of 100
velocity control assembly 16) and disen-
gaged with relay power takeoff bus 48 at all
times during negative or deceleration of
velocity control assembly 16 (ie., during
counterclockwise motion of velocity control 105
assembly 16). As would be evident to one
skilled in the art, the utilization of con-
ductor 50 as described herein to provide a
single electrical identity between two con:
ductive materials is only one example of 110
numerous means by which the same could
be accomplished. Similarly, the utilization
of conductor 50 as described herein to pro-
vide a rotational bias to maintain two con-
ductive materials in selective engagement is 115
also only one of numerous well-known
means by which the same could be accom-
plished.

Transition timing relay limit switch 46
has relay power takeoff bus 48 as one of its 120
connections and a timing cam 53 attached
to disk-like member 44. Timing cam 53
has a plurality of raised contact surfaces
53A, 53B, 53C and 53D, and a timing
pin contact 55. Timing cam 53 is arranged 125
i an arc disposed about velocity control
shaft 17 and direction control shaft 15 and
may be conveniently interposed between the
outer circumferential edge of disk-like
member 44 and power takeoff bus 48. 130
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Timing cam 53 is electrically and may be
physically integrally attached to relay power
takeoff bus 48 by a bridge 54.
Referring to Figs. 3 and 6, an interiorly
. 5 threaded cylinder 56 is adjustably affixed
to an elliptical slot 57 through cylindrical
housing 11. Timing pin contact 55 is
threadedly inserted into interiorly threaded
cylinder 56 and -adjusted to sequentially
10 make contact with each of contact surfaces
53A, 53B, 53C and 53D preferably at or
shortly subsequent to the time movable
transition contact 40 attains surface engage-
ment with each discrete load contact 37A,
15 37B, 37C and 37D, respéctively, and main-
tain such contact during rotation of velo-
city control arm 18 until just prior to the
time movable transition contact 40 moves
out of engagement with each discrete load
20 contact 37A, 37B, 37C and 37D, respect-
‘ively, and additionally at least until
movable powetr contact 41 moves into
engagement with the respective ' discrete
load contacts. The angular adjustment of
25 threaded cylinder 56 along elliptical-slot 57
permits correction of timing anomalies due
to variations or changes in mechanical
tolerances. )
To -facilitiate electrical connections, a
30 relay power feeder bus pin contact 58 and
a relay power takeoff bus pin contact 59,
which may be structurally similar to timing
pin contact 55, are provided in permanent
pressure contact with their respective buses
..3547, 48 (as seen in Fig. 3) throughout the
extent of rotation of disk-like member 44.
The contacts 58 and 59 also preferably
engage buses 47, 48 with sufficient force to
impart a degree of stability to  disk-like
40 member 44 to preclude spurious rotation
due to vibration or other external forces,
thereby ensuring engagement of vertical
contact 49 with power takeoff bus 48 only
in the event of positive rotation of velocity
.45 control arm 18. Although the electrical
operational aspects of both transition timing
relay limit switch 46 and deceleration relay
limit switch 45 will be hereinafter described,
it should be herein foted that since both
50 relay power feeder bus pin contact 58 and
relay power takeoff bus pin contact 59 re-
main in permanent rotatable contact with
their respective buses, provision for angular
adjustment of the pin contacts 58 and 59
55 is unnecessary. o
. Turning now to Figs. 2, 3, 4 and 5, a
velocity control arm interlocking mechanism,
generally indicated by the numeral 60,
operatively * interrelates velocity control

.60 assembly 16 and direction control assembly:

14. The interlocking mechanism 60 includes
a cylindrical locking pin 61 which is slidably
carried partially within a downward bifur-
cated extension 62 of cylindrical housing 11
65 and particularly arms 62" and 627 thereof.

When the direction control arm 32 is in the
neutral position illustrated in Figs. 2 and 3,
a spring 63, circumposed about the locking
pin 61 between oné arm 62’ of the bifurcated
extension 62 and a spring stop pin 64,
biases the radially outermost end 61 of
locking pin 61 against a cam 65 which may

be an integral part of direction control arm.

32 so as to simultaneously rotate in con-
junction therewith. The cam 65 has three
angularly displaced detents, 65, 65 and
65”. In the neutral position, end 61° of
pin 61 engages the central detent 65 of
cam 65. When the direction control shaft
15 and arm 32 are rotated in a clockwise
direction from the *
Figs. 2 and 3, an intermediate position is
reached between detents 65 and 65”7, as
illustrated in Fig. 4, in which cam 65 forces
locking pin 61 radially inwardly into block-
ing engagement. with a flange -66 formed
on velocity control arm 18, thereby pre-
cluding operation of the velocity control

assembly 16. Upon further clockwise rota-.

tion of direction control shaft 15 and arm
32, the detent 65" of cam 65 permits locking
pin 61 to move sufficiently radially outward
to disengage flange 66 and permit operation
of the velocity control assembly 16, as seen
in Fig. 5. Similarly, when rotating direction
control shaft 15 and arm 32 in a counter
clockwise direction from the neutral posi-
tion, at any intermediate position between
detents 65 and 65" operation of velocity

control assembly 16 is precluded until lock-i

ing pin 61 enters detent 65" thereby per-
mitting  operation -of velocity control
assembly 16. Thus the velocity control
assembly - 16 may only be rotated and
thereby operationally actuated from the
“off ” position or counterclockwise limit of
rotation of velocity control arm 18 against
stop 29A when the direction control arm
32'is in either the forward, neutral, or re-
verse' position.  Ancillarily it should be
noted that once the. velocity control arm 18
is moved from the off position with locking
pin 61 in any of detents 65, 65’ and
65, the direction control arm 32 is locked
and may not be rotated until such time as
the velocity control arm 18 is returned to
the off position against stop 29A, thereby
permitting axially inwardly displacement of
the locking pin 61.

An exemplary schematic wiring arrange-
ment for-the electrical control appartus 10 is
depicted in Fig. 7 and described hereinafter
in - conjunction” ‘with an exemplary operat-
ing sequence. - For explanatory purposes, the
components of electrical control apparatus
10 are depicted in conjunction with a driven
unit including a conventional direct current
motor 70 having field winding terminals S1
and S2 and armature winding terminals Al
and A2, - A power supply illustrated as

neutral ” position "of
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battery unit B may be' constituted .of a
single battery with an intermediate potential
terminal, a single. battery with a voltage
divider network to provide an intermediate
5 potential connection, or a bank of batteries,
with an intermediate potential terminal 81,
as shown, in series connection with .the
motor 70. © An impedance device, generally
indicated by the numeral 72, which may
10 consist of a single resistance -element or, as
shown, of a plurality of resistance elements
74A, 74B and 74C having connections 77A,
77B, 77C and 77D is connected to a field
winding ‘terminal, such as S2, of motor 70
15 on the side opposite battery unit B, thereby
providing ‘a selective resistance component
from a maximum at terminal 77A.to at
least resistance component at terminal 77D.
Terminals 77A, 77B, 77C and 77D are
20 connected to studs.39 of load contacts 37A,
37B, 37C and 37D, respectively, of electrical
control apparatus 10, as illustrated. .
. Armature winding terminals Al and A2
of motor 70 are connected to direction con-
25 tacts 26A and 26C, respectively, such as by
wires 78A and 78B.  Direction contact 26C
is .connected to direction contact 26B by
jumper 79 which, as illustrated, may be
a conductor such as copper wire connected
30to threaded studs 39 corresponding to
direction. contacts 26B and 26C by nuts

. A conventional “on-off ” switch 80 is
connected in series between intermediate
35 potential terminal 81 of battery unit B and
a deceleration relay 90 and a transition
timing delay 95 in order to permit operation
of relays 90 and 95.  “On-off ” switch 80
need only have sufficient current carrying
‘40 and interrupting capacity to feed the rela-
tively small current relays thus obviating
the necessity for a high ampere ignition
switch as is frequently required in similar
applications. Deceleration relay ‘90 which
‘45 may be a conventional electromagnetic
relay with a contact switch 91 mnormally
open when the relay is de-energized and
closed when the relay is energized, has its
end opposite ‘to that connected with “on-
50 off ”. switch 80 connected to both the
deceleration relay limit switch 45 and the
transition timing relay limit switch 46 at
relay power takeoff bus pin contact 59 (see
Fig. 3). Transition timing relay 95, which
55
conventional electromagnetic relay with
contact switch 96, has its end opposite to
that connected with “ on-off ” switch 80
connected to the end of transition timing
relay limit switch 46 opposite that connected
to deceleration relay 90, connected at timing
pin contact 55. The end of deceleration
relay limit switch 45 opposite that connected
to - deceleration relay 90 at:relay power
65 feeder bus pin contact 58 “is connected: to.

60

similar to deceleration relay 90, may be a -

the terminal of battery unit B opposite that
connected to motor 70. e T
Deceleration relay contact switch 91 is
connected between the terminal of  battery
unit B opposite -that connected to motor 70
and direction selection contact 28 so as to
permit, when closed by deceleration relay.
90, *energy transfer through electrical’
control apparatus 10 at direction selection
contact 28. Transition timing relay contact 75
switch 96 is connected between power
contact 29 and transition contact 38 so as
to permit, when closed by deceleration re-
lay 90, certain electrical transition functions
to be set out hereinafter.. 80
- Referring particularly to Figs. 1, 2, 3,
and especially Fig. 7, a typical operating
sequence employing the electrical = control
apparatus 10 in the arrangement depicted
could proceed as hereinafter set forth, - Be- 85
ginning with the velocity control assembly 16
in the off position and the direction control
assembly 14 in the neutral position, as “on-
off”” switch 80 would be closed so as to per-
mit operation of relays 90 and 95. Next,
direction control assembly 14 may be rotated
into the desired directional position; such as
forward, by the appropriate rotation of
direction control shaft 15 as previously
described. With the direction control 95
assembly 14 in- the forward position as
previously described, a motor circuit is
completed in which the armature current
of motor 70 could travel through power
contact 29, movable direction power contact
31 engaged therewith, direction contact
26B, jumper 79, direction contact 26C, and
wire 78B to armature winding terminal A2,
whereupon the armature current after
passing through the armature winding -of ‘105
motor 70 completes the icircuit through
further portions of the electrical control
apparatus 10, as “will ' be hereinafter
described, by passing through wire 78A,
direction contact 26A, and movable direc-
tion selection contact 30 to direction selec-
tion contact 28. When the direction control
assembly 14 is in the reverse position as
previously  described, the polarity of
armature current through motor 70 is re-
versed effectuating a reverse directional
change in any device driven thereby. .
- Also' upon positioning the . direction
control assembly 14 in the forward position,
the velocity control arm locking ‘mechanism
60 allows operation of velocity . control
assembly 16. Thus, clockwise rotation of
velocity control assembly 16 by a similar
rotation of velocity control shaft 17 as
hereinbefore described may be initiated. - 125
In. order to operate electrical “control
apparatus 10 with large power requirements
frequently associated with such devices as
motor 70, electrical -transition circuitry is
provided for purposes of eliminating. or at
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least minimizing arcing which might accom-
pany velocity control assembly 16 in
sequentially. contacting discrete load - con-
tacts 37. The transition circuitry provides a
5 maintainable full load alternate current path
through each of the discrete load contacts
37 prior to engagement of the same by
movable velocity power contact 41 which
also thereby substantially equalizes the
potential of discrete load contacts 37 and
movable -velocity power contact 41 at the
time of engagement.
. As seen in Figs. 1, 3, 6 and 7 and pre-
viously described, any clockwise rotation or
slight” clockwise rotational biasing - of
velocity control assembly 16 closes decele-
ration relay limit switch 45, energizing
deceleration relay 90, thereby closing decele-
ration relay contact switch 91 and connect-
ing direction selection contact 28 to battery
unit B as previously noted, and shall here-
inafter be referred to as the zero or positive
acceleration state. Further incremental
clockwise rotation of velocity control
assembly 16 results in the closing of transi-
tion timing relay limit switch 46 also as
described above, energizing transition timing
relay 95, thereby closing transition timing
relay contact switch 96, and completing an
alternate current path allowing a current
to flow as follows: from battery unit B,
through deceleration relay contact switch
91; through direction selection contact 28
 and the armature winding of motor 70 to
35 power contact 29 as detailed ' above;
through power contact 29, transition timing
relay contact switch 96, transition contact
38, movable transition contact 40, discrete
~ load contact 37A, a maximum resistance
40 component 74A, 74B and 74C, and through
the field winding of motor 70 back to the
opposite terminal of battery unit B from
whence the path began. The condition thus
established, in which 9 full load alternate
45 current path is provided, is referred to
*“ transition state ”. :
It is thus clear that - sinceé movable
transition contact 40 is centrally over and
, engaged with discrete load contact 37A
50 prior to the establishment of a current
flow therethrough, arcing is eliminated or
substantially reduced between these afore-
said contacts. Arcing or any tendancy to
arc resulting from a change in the transition
55 state is further eliminated or reduced by
utilization of ~maximum resistance com-
ponent 74A, 74B and 74C to graduate the
initial current flow to a minimal magnitude.
. It should also be noted that nearly any
60 further remaining residual arcing _is

10

15

20

25

30

essentially localized within transition timing .

relay contact switch 96, a readily accessible,
casily maintainable, and relatively inexpen-
~ sive contact portion of transition timing
65 relay 95, thereby greatly extending the

~3+

operable lifetime of - electrical control
apparatus 10 while simultaneously reducing
the maintenance frequency, cost,-and down-
time for any such device requiring large
quantities of power such as motor 70.
Another further incremental clockwise
rotation of velocity control assembly 16
has as its. consequence -an engagement
between movable velocity power contact 41
and discrete load contact 37A during which
time movable transition contact 40 remains
in engagement with discrete load contact
37A -in thé transition  state just . discussed.
Once again it is clear that since an existing
relatively low impedance alternate current
path.is first established between power con-
tact 29 and discrete load contact 37A via
transition timing relay contact switch 96,
transition contact 38, and movable transition
contact 40, movable velocity power contact
41 is at substantially the same potential
as discrete load contact 37A prior to its
engagement therewith and second, little if
any current will flow through the initially
relatively high impedance path between
power contact 29 and. discrete load contact
37A via movable velocity power contact 41,
again - eliminating or substantially reducing
any arcing or any tendency theretoward.

75

80

85

90

As movable velocity power contact 41 is 95

further continuously engaging discrete load
contact 37A, the initially relatively high
impedance value of movable transition

contact 40 is continuously proportionally

reduced, while simultaneously the initially
relatively low impedance value of movable
transition contact 40, continuously disen-
gaging discrete load - contact 37A, -is con-
tinuously proportionally increased.

. Thus, a continuously changing current
division occurs between movable velocity
power contact 41, whose proportion of the
current is increasing in magnitude and
movable transition contact 40, whose pro-
portion of the current is decreasing in
magnitude, until immediately prior to the
disengagement of movable transition con-
tact 40 with discrete load contact 37A, the
current through movable transition contact
40 is substantially reduced. At this point
in the sequence transition timing relay limit
switch 46 opens, de-energizing transition
timing relay 95 and thereby opening transi-
tion timing -relay contact s$witch 96
effectuating an - electrical - severing of the
power contact 29 with discrete load contact
37A  through transition contact 33 and
movable ‘transition contact 40 and ending
the transition' state, again substantially
without arcing. B

Electrical control apparatus 10 remains in
this state until, upon further incremental
clockwise  rotation of velocity control
assembly 16; movable. transition contact 40
comes into engagement with the adjacent
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discrete load contact 37B. Once again a
transition state similar to that described
above, is established. 1In this particular
state, since the current flow through movable
5 transition contact. 40 need only pass
through the lower resistance component
74B and 74C, initially a  proportionally
higher current flows through the full load
alternate current path transitioning circuit
10 than that -which flows through movable

velocity power contact 41, thereby estab-

lishing movable velocity power contact 41

at substantially the same potential as
discrete load contact  37B: prior to its
15 engagement therewith which again eliminates
or substantially reduces arcing between
movable velocity power contact 41 and
discrete load - contact 37B, - whereupon
further incremental clockwise rotation con-

20 cludes the transition state and provides for
passage of full load current solely through
movable velocity power contact 41. This
operating sequence is twice additionally
repeated until the resistance component

25 through which the current flows is at a
minimum and full load current is permitted

to flow, the intermediate steps providing a
-graduated change in the magnitude of
electrical energy transfer to the motor 70.

30 It has been found that in certain applica-
tions wherein power to the external load is
unnecessary -and/or undesirable during
certain phases of operation, such as decele-
ration, a cutoff device may be provided (for

- 35 instance as in this illustrated embodiment)
so as to entirely disconnect and isolate. the
electrical control apparatus 10 from either

or both of the external power source or
the external load. "In the present embodi-

© 40 ment one such device has been. provided,
deceleration relay 90, with contact switch

91 interposed between power source battery
unit B and ‘the direction selection contact
28. - As discussed previously, any decelera-

45 tion effectuated by counterclockwise rotation
of . velocity control assembly 16 results in
the opening of deceleration relay contact
switch 91 and disconnection and isolation

of the electrical control apparatus 10 from

- 50 the external power source battery unit B.
Deceleration may, if desired, be completed

in an inermediate velocity position where-
upon deceleration relay 90 will re-establish
current flow through the electrical control

¢ 55 apparatus 10 as discussed hereinabove. It
is to be noted that any arcing resulting from
interruption of any degree of established
current * flow through any portion of
electrical control apparatus 10 will be

: 60 localized within deceleration relay contact
switch 91, a readily accessible, easily main-
tainable;, and relatively inexpensive contact
portion of deceleration relay -90, thereby
greatly extending the operable lifetime of

¢ 65 electrical - ‘control * apparatus 10 while

simultaneously . reducing the maintenance
frequency, cost, and downtime for any such
device requiring large quantities of power
such as motor 70.

WHAT T CLAIM IS:—

1. An electrical control apparatus com-
prising, a mounting, a plurality of discrete
load contacts disposed in fixed relation on
said mounuting and connected with differing
magnitudes of impedance, a power contact
movable relative to said . discrete load
contacts for permitting continuously pro-
gressive, sequential engagement therewith,
transition means including -a-- movable
contact, connectable to each of said discrete
load contacts prior to engagement by said
power contact and providing a maintainable
full load " alternate current path through
each of said plurality of discrete load con-
tacts prior to engagement of said discrete
load contact by said power contact, thereby
providing in wuse of the apparatus a
graduated change in the magnitude of
electrical energy transfer through the
apparatus substantially without arcing be-
tween primarily said discrete load contacts
and said power contact,

2. Apparatus ‘according to Claim 1,
wherein said transition means further in-
cludes a transition circuit, said transition
contact being connectable to each of said
discrete load contacts prior to engagement
by said power contact and said transition
circuit providing a' maintaijnable full load
alternate current path through said transition
contact and each of said plurality of discrete
load contacts prior to engagement of each
said discrete load contact by said power
contact. . ’ : ‘

3. Apparatus according te Claim 2.

wherein said transition contact is movable
relative to and engages said discrete load
contacts. - o : :
- 4. Apparatus according to' Claim 3,
wherein said transition contact and said
power contact are maintained in  fixed
spatial relation relative to each other.

5. Apparatus “according to Claim 4,
wherein said transjtion contact and said
power contact are carried by a control arm.

6. Apparatus - according to Claim 35,
wherein said control arm is mounted for
rotation relative to said discrete load
contacts about a shaft. :

7. Apparatus according to Claim 6,
wherein. said discrete load contacts are
arcuately disposed about said shaft and
stop means associated with said mounting
limit the extent of rotational travel of said
control arm to' substantially the arcuate
disposition' of said discrete load contacts.

8. Apparatus according to Claim 2,
wherein said - transition circuit includes a
switch operable intermittently to establish
and maintain current flow through said
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transition contact. - S v contacts -and- said power contact in. one
© .79, Apparatus -according to Claim 8, direction, and cutoff means for effecting a
wherein said switch is operable to establish disconnection of the electrical energy trans-
current flow through any of said discrete fer through the apparatus upon relative

5 load contacts only upon said 'transition motion in the opposite direction.. . - 70
contact' being . brought into engagement . 22. "Apparatus according to Claim 21

" therewith and operates to sever the current wherein said cutoff means permits - said
flow through said transition contact prior electrical energy transfer in the absence of
to-disengage any of said discrete load ‘con- relative motion between. said discrete load

10 tacts. E " . contacts-and said power contact: - - - 73
*10. Apparatus according to Claim 9, = 23. Apparatus according to Claim 22,

: wherein said switch includes contacts mak- wherein said tutoff means includes a bus
ing and breaking contact in correlation on a disk rotatably mounted about a shaff
with sequential engagement of said discrete and a contact movable with said power

15 load contacts by said transition contact. contact about said shaft for engaging said 80

11. ‘Apparatus- according to Claim -2, bus upon relative _rotation in the one

" wherein said transition contact engages said direction. ; , R
discreté’ Ioad contacts ‘to establish the full 24, Apparatus according to Claim 23 in-
load alternate current path. - cluding biasing means maintaining said

20 . 12. Apparatus according to Claim 2, contact in engagement with said bus during 85
including “cutoff means effecting disconnec- relative rotation in the one direction or the

“ tion of electrical energy transfer through the absence of relative rotation. ' C
apparatus: upon relative motion between  25. Apparatus according to Claim 24,
said discrete load contacts and said power further including at least one pin contact

25 contact in one direction. engaging said bus so as to stabilize said 90

137 Apparatus  according to Claim 12 disk during rotation thereof. - , I
wherein said cutoff. means establishes the 26. Apparatus -according to Claim 25,
electrical energy transfer upon relative wherein said pin contact is in continuous
motion between said discrete load contact electrical contact with said bus during use

30 and said power contact in the other direc- of the apparatus. o S 95
tion of or in the absence of relative motion 27.. Apparatus according to  Claim 2,
therebetween. ~ R wherein said transition circuit provides said

14. Apparatus ~according . to Claim 2, full load - alternate : current path upon
wherein said transition circuit includes a relative motion between said discrete load

35 further contact separate from the ‘tranisifion ~“contacts “and said power contact in one 100

“icontact. and - wherein any arcing resulting -direction, and cutoff means - for -effecting-

»=from completion of the transition circuit is ~“a disconnection  of . the electrical energy
localized. Wi - transfer through the apparatus upon rela-

15. Apparatus according to Claim 2, tive motion in the opposite direction.

40 further including a switch contact for 28. Apparatus according to Claim 23 105
selectively engaging other of a plurality of wherein said transition circuit is connected
discrete load contacts for effecting a to said cutoff means for permitting a control
switching function with respect thereto. current to flow therebetween.

16. Apparatus according to Claim 15, 29. Apparatus according to Claim 14,

45 wherein said switching contact is moveable wherein said contact separate from the 110
independently of said power contact. transition . contact includes first separate

17. Apparatus according to Claim 15, contact means and second separate contact
wherein said transition contact and said means located externally to said mounting.
power contact are maintained in fixed 30. Apparatus according to Claim 29,

50 spatial relation to each other. wherein said first separate contact means 115

18. Apparatus according to any one of . includes a contact portion of an electro-
Claims 15 to 17 wherein said power contact magnetic relay having a finite cycling time
is carried by a first arm and said switching for localizing any arcing resulting from a
contact is carried by a second arm. change in transition state.

55 19. Apparatus according o Claim 18, 31. Apparatus according to Claim 30, 120
including interlocking means between said wherein said second separate contact means
first arm and said second arm. includes a contact portion of an electro-

20. Apparatus according to Claim 19, magnetic relay having a finite cycling time
wherein said interlocking means includes a for localizing any arcing resulting from

60 biased locking pin operatively engageable interruption of any degree “of established 125
with a cam. current flow through any portion of said

21. Apparatus according to Claim 1, apparatus.
wherein said transition means provides said 32. Apparatus according to Claim 31,
full load alternate current path upon rela- further comprising means for insuring

65 tive motion between said discrete load that sequential engagement of any of said 130
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10

contact means with said discrete load
contact means occurs at a rate compatible
with the cycling times of said electro-
magnetic relays.

5 33. Apparatus according to Claim 2,
wherein said power contact includes a
contact surface for permitting a continuous,
progressively sequential bridging of adja-
cent said. discrete load contacts and

10 permitting a continuously changing current
division between said power contact and
said transition contact. '

34. Apparatus according to Claim 33,

_ wherein said transition contact is moveable

15 relative to and engageable with said
discrete load contacts. .

35. Apparatus according to Claim 34,
wherein said transition contact and said
power contact are maintained in fixed

20 spatial relation relative to each other.

36. Apparatus according to Claim 2,
wherein said transition circuit maintains
said alernate current path at least until said

~ power contact engages said discrete load

25 contacts. ; '

37. Apparatus according to Claim 36,
wherein said transition contact is moveable
relative to, for progressive engagement, and
inermittent location btween, said discrete

30 Ioad contacts. :

38. Apparatus according to Claim 37,
wherein said transition contact and said
power contact are maintained in fixed

spatial relation to each other,

39. Apparatus according to Claim 1, 35
wherein said transition means further in-
cludes a transition circuit, said transition
contact being connectable to each of said
discrete load contact prior to engagement by
said power contact, and said transition circuit 40
equalizing the potential on both said
transition contact and said power contact
prior to and during engagement of the latter . :
with the next adjacent said discrete load
contact in use of the apparatus. 45

40. Apparatus according to Claim 39,
wherein said transition contact is movable
relative to, for progressive engagement and
intermittent location between said discrete
load contacts. : : 50

41. Apparatus according to Claim 40,
wherein said transition contact and said
power contact are maintained in fixed -
spatial relation relative to each other.

- 42. An electrical control apparatus sub- 55
stantially as herein described with reference
to the accompanying drawings.
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