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UNITED STATES PATENT OFFICE.

RICHARD B. HUNTER, OF MILWAUKEE,

WISCONSIN, ASSIGNOR TO THE CUTLER-

HAMMER MFG. CO., OF MILWAUXKEE, WISCONSIN, A CORPORATION OF WISCONSIN.

ELECTRICAL CONTROLLER.

Application filed January 18, 1922. Serial No. 530,081.

To all whom it may concern:

Be it known that T, Ricuarp B. Hunrrr,
a citizen of the United States, residing at
Milwaukee, in the county of Milwaukee and
State of Wisconsin, have invented new and
useful Improvements in Electrical Control-
lers, of which the following is a full, clear,
consise, and exact description, reference be-
ing had to the accompanying drawing, form-
ing a part of this specification.

This invention relates to electrical con-
trollers and more particularly to controllers
of the drum type.

In the control of alternating current mo-
tors it is frequently desirable to provide for
commutation of the circuit connections in a
plurality of relations for operation of the
motor in a given direction and in certain
only of such relations for reverse operation
and the present invention has as an object
that of providing an improved and simpli-
fied drum controller adapted to so function.

Another object is that of providing such a
controller wherein the range of angular
travel required to effect the foregoing com-
mutation is so reduced and the parts are so
arranged as to adapt the same to progres-
sive actuation in a given diréction for effect-
ing a plurality of complete cycles of such
commutations for each revolution of the
drum:

Another object is that of providing a con-
troller whereof certain physical dimensions
are materially reduced through more effi-
cient correlation and arrangement of ele-
ments.

Another object is that of providing a
drum structure and system of comnections
therefor enabling adaptation of the same
without substantial structural modification
to the control of numerous and widely dif-
ferent types of devices in different ways.

Other objects and advantages will herein-
after appear.

In the accompanying drawing, wherein
are illustrated diagrammatically certain
adaptations of a given embodiment of the
invention ;

Figures 1 and 2 illustrate the drum as
adapted to effect different characters of con-
trol of three phase motors;

Fig. 2* illustrates certain substitute con-
nections obtainable by the drum arrange-
ment of Fig. 3;

Figs. 3 and 4 illustrate the drum as adapt-

ed to the control of different types of motor
supplied by a two phase four wire system;

Fig. 3% 1llustrates certain substitute con-
nections obtainable by the drum arrange-
ment of Fig. 3; while,

Fig. 5 illustrates the arrangement and
grouping of the drum segments.

The drum illustrated 1s in each instance
adapted to progressive actuation in the di-
rection indicated through eight distinct posi-
tions including two diametrically opposed
off positions and six on positions arranged
in two equal groups between successive off
positions. Further the arrangement is such
that during each half revolution of the drum
from either off position, the controlled mo-
tor is first provided with line connections
affording certain operative characteristics
therefor, thereafter the connections are so
commutated as to vary certain operative
characteristics of the motor, such as speed,
torque or the like, without reversal, and sub-
sequently the original connections are re-
established except for such transpositions as
to effect reversal of the motor.

As exemplary of the possible uses to which
the herein contemplated drum may be read-
ily adapted, four distinct types of control by
means of such drum are illustrated diagram-
matically and will now be described, two of
such types relating to three phase systems
and two to two phase four wire systems.
The motors to be controlled are of the in-
duction type and only the primary windings
thereof are considered herein, it being as-
sumed that where secondary control is de-
sired any preferred character of such con-
trol is to be employed. The drum terminals
or fingers are designated by reference char-
acters corresponding with those of the ele-
ments permanently in electrical connection
therewith.

Referring to Fig. 1 of the drawing, the
same illustrates an adaptation of the drum
to the control of a three phase motor, such
as to provide for the motor sequentially for
each half revolution of the drum star, delta
and reverse star connections.

Thus upon movement of the drum from
off position to its first “on” position, drum
terminals ¢ and 7, #2 and 7%, #* and I® are
respectively bridged by appropriate drum
segments thereby obviously connecting the
corresponding terminals of the several mo-
tor windings to their respective supply lines
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in the sequence indicated, whereas, drum
terminals 7%, ¢ and #° are also mterconnected
by mpvopu te interconnected dram seg-
ments, thus obvmusly provﬂmo line con-
nection of the several motor windings in
star relation to one another.

Upon movement of the drum to its second
C(

position, the aforedescribed comnec-
mom are commutated as follews, that is to
say, drum terminals ¢, 7" and (iG are Inter-

comnected by mpﬁroplme segments whereas
drum terminals 2%, #* and > and also the
group %, t° and 7* are qnm??ily connected,
ﬂlareoy (’omlactmo the motor windings with
their 1egpecmve uleV lines in delta rela-
tion and 7with reference to the phase rota-

tion in the same relation as before Unon
movement of the drum to its thirc 7 po-

sition, drum terminals 7%, ## and t" are in-
terconnected as upon the ﬁr t point where-
as terminals # and 2, ¢ and ', and #* and
# are respectively bridged, ‘rhe‘“ebv serving
to connect the co*lebpowdma motor fermi-
nals with their supply lines again in star

5 but in a relation providing for reverse opera-

tion of the motor.

Upon further progressive movement of
the drum beyond the “off 7 posmon. the re-
lation of the two halves of the drum with
reference to their respectively associated
groups of fixed terminals is reversed. How-
ever, it is at once apparent that the arrange-
ment of the drum segments together wmh the
manner of their interconnection is such that
precisely the same cirenit commutations are
now effected in the same order upon progres-
sive step by step movomenu of the drum
through the three “on” positions included
in the second half of a Comnle‘m revolution,
whereas the precise manner in which such
commutation is effected is believed to be too
obvious to warrant more extended deserip-
tion.

Referring now to Fig. 2, the same also
relates to the control of a three phase motor,
the cycle of connection being, ag illustrated,
first double star, second delta, third reverse
double star. The arrangement of the drum
terminals or ﬁ}woer is the same as that of
the preceding ﬁome whereas the structure
of the drum itsel f is likewise the same except
for omission of certain electrlml connec-
tiong and optional omission of the second
and third segments from the upper hori-
zontal row, since such segments do not par-
ticipate in the control.

With the cireuit arrangement 11111%1“&58&
obviously double star circuit connection of
the motor windings is effected upon the first
control point, the same sets of drum termi-
nals bcmn brldoed as upon the first point
of the previous 3d‘mt10n of the drum. Upon
the second point the motor windings are
provided with delta circuit connections as -
}ustmtcd in B 10 22, drum terminals Z’ and
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#%, 1* and ¢%, and I* and ¢° be’inp* respect ivaly
bridged by the appropriate drum segments
and drum terminals ¢, ¢ and ¢° being un-
energized whereby the corre spondmgly
designated motor terminals are not com-
mutated. Upon the third point the connec-
tions represented in the main figure 2 arve re-
established except that the motor terminals
T2 and T® are interchanged with reference
to their supply lines thereby providing for
reverse operation of the motor,
Tig. 8 shows an adaptation of the drum
to the purpose of effecting series par-
alleling control of the wmr‘mw of a two
pha@e motor to be supplied from a four wire
system L/, L2 L&, L4, the phases being
iween [V L3 and 12, Lt Wpechvely
Tn this instance Lhﬁ drum segments which
were discarded in Fig. 2 are restored but on

o
i

the other hand the lowevmost group of four

connacted segments of the iwo preccdm

adaptations is removed or otherwise ren-
dered inactive. The arrangement of the
drum terminals has also been modified, such
medification including permanent comnec-
tion of motor terminal T to line L and T°
to line L

Upon the first control point obviously
drum terminals 7% and ¢, and I* and #* ave
respectively bridged thﬂrebv providing corre-
sponding line connections for the simile wrly
designated motor terminals, motor termi-
nal T8 being alse connected to line L° a8
shown. Also drum ferminals # and 7, and
26 and #* are respectively interco: mocfﬂ@
thus interconnecting the corresponding pairs
of motor terminals, compwtmfr conpoctlon
of the motor windings in series related pairs
across their respective phase supply lines.

TUpon the second pom‘b groups of drum
terminals 7 and &7, 12, #2 and 758 # and #, and
74 ¢+ and #° ave res spectively interconect-
ed ghr‘rﬁby effecting the arrangement of
connections of the motor wix 1dm<rs., lus-
trated in Fig, 32 whereln said windings are
connected in pairs in parallel with one an-
other across their respective supply cirer

Upon the third point the connections es-
tablished are the same gs upon the first
pomt except for interchange of the connec-
tions of motor tnwnmalc T2 and T¢ with
reference to their supply lines, thus provid-
ing for reversal of the motor.

Hig. 4 illustrates the adaptation of the
drum to the control of a two phase motor of
the separate circuit type to he supplied from
lmew;l_; L2, 12, 14, the phases being between
I/ I3 and 12 1 respectnely Tn this in-
stance the same two segments of the upper
horizental row are omitted as in the construe-
tion of Fig. 1 whereas the upper group of
eight mtefconnected segments of said earlier

s,

figure is also omitted or otherwise rendered
mactwe
With this arrangement, upon the firsh

70

el
>

nn

100

05

110
Fag

180

1584




P

1,481,372

point, groups of drum terminals 7 and #4,
> and #%, and 7* and #* are interconnected
thus effecting connection of the correspond-

‘ing line and motor terminals, the motor

terminal T® being permanently connected
with line I as shown, whereby obviously
only the lower pair of motor windings are
connected in circuit.

Upon the second point the line connections
of motor terminals T¢ and T4 are maintained
whereas drum terminals #* and #2 are de-

energized and terminals # and #* are con-

nected respectively with terminals 7 and 72,
whereby obviously only the upper pair of
motor windings are connected in circuit.

Upon the third point the connections are
the same as upon the first point except for
interchange of the connections of motor
terminals T+ and T** with reference to their
respective supply lines whereby reversal of
the motor is effected.

Upon  consideration of the foregoing
adaptations of the controller it is apparent

that for effecting the characters of control”

depicted in Figs. 1, 2 and 4 a minimum of
nine connections must be commutated
whereas for the control illustrated in Figs.
3 and 3* the minimum number of connec-
tions requiring commutation is ten. Also
since in each case the controller is required
to effect two complete cycles of control for
each revolution of the drum the number of
rows of fixed terminals or contact fingers
perpendicular to the direction of rotation

" of the drum is practically restricted to two,
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whereby the drum controller must neces-
sarily be of sufficient length to provide for
five fixed contacts in a single row, whereas,
in none of the foregoing adaptations does
the length of the drum controller exceed
such minimum.

Further it is obvious that for effecting
the required character of control the drum
must necessarily provide, as regards either
row of fixed contacts, eight distinct posi-
tions including two off and six on positions,

which minimum number of positions or

points is in no instance exceeded, and from
the foregoing it is apparent that the physi-
cal dimensions of the drum structure herein-
before described are in each instance mini-
nmized, such dimensions being obviously the
same in all the foregoing adaptations. ’

Considering now the particular structure
and segment arrangement of the drum itself,
with reference particularly to Fig. 5. it is
seen that the complete "drum comprises
thirty single point contact segments having
electrical interconnections providing seven
distinet groups, a, o', b, ¥, b2, ¢ and ¢,
whereas under certain conditions the ‘groups
b and p” and also the groups ¢, ¢’ and #?
are to be interconnected. Moreover in each
instance the groups designated by the same

reference letter are structurally similar

whereby but three shapes of segment cast-
ings are required, that is to say, the com-
plete drum may conveniently comprise two
castings a, three castings % and two castings
¢, suitably arranged and interconnected as
required. a .

Thus for the adaptation of Fig. 1 the full
number of castings is required, the groups
b and 3’ and also the groups e, ¢’ and b?
being interconnected as shown.

For performance of the control depicted
in Fig. 2 only the groups 3 and 3’ are inter-
connected, whereas, one segment is omitted
or rendered inactive in each of groups a and
a’ as aforedescribed.

For the purposes of Fig. 3 the total num-
ber of segments of groups ¢ and a’ is em-

‘ployed, the groups % and 4’ and ¢ and ¢ are

disconnected - from. one another and the

‘group b? is omitted entirely.

For the control illustrated in Fig. 4 the
number of segments of groups ¢ and @’ is
reduced as in Fig. 2. the groups ¢, ¢’ and 32
are unconnected while groups » and 3’ are
omitted.
~ From the foregoing it is apparent that
by suitable arrangement and interconnection
of but four shapes of segment castings, one
of said shapes comprising a single segment,
together with suitable connection of a maxi-
mum number of ten drum terminals or con-
tact fingers provision is made for effecting
numerous and widely differing types of con-
trol, including all the types aforedescribed,
the control apparatus being moreover of
minimized physical dimensions and of ex-
treme simplicity.

What I claim as new and desire to secure
by Letters Patent is:

1. A rotatable drum controller for motors
and the like, comprising line contacts and
other contacts to be in connection with the
motor, and segments to co-operate with said
contacts, said contacts being so arranged
and said segments having such interconnec-
tions as during each revolution of the drum
to provide for effecting a plurality of simi-
lar eycles of commutations of the connec-
tions of the motor to the line, the number
of said contacts being not in excess of the
number of said connections and the number
of distinct contacting surfaces of said seg-
ments being not in excess of the product of
the number of commutations per cycle times
one more than the number of contacts.

2. A rotatable drum controller for motors
and the like comprising line contacts and
other contacts to be in connection with the
motor, and segments to co-operate with said
contacts, said contacts being so arranged and
said segments having such interconnections
as during each revolution of the drum to
provide for effecting a plurality of similar
cycles of commutations of the connections
of the motor to the line, the number of said
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contacts being not in excess of the number of
said connections and the number of distinct
contacting surfaces of said segments being
not in.excess of the product of the number
of commutations per cycle times one more
than the number of contacts, the arrange-
ment further providing for variation of the
character of control effected by the control-
ler while maintaining a fixed number and
relation of the line.contacts. : :

3. A rotatable drum controller for three
phase motors comprising a number of fixed
contacts not to exceed ten and a number of
similar contacting surfaces not to exceed
thirty to co-operate therewith, said contacts
and said surfaces-being so arranged as dur-
ing each complete revolution of the drum, to
effect two cycles of control, each cycle in-
cluding star, delta and reverse star connec-
tions and also de-energization of the motor.

4. A rotatable drum controller for three
phase motors comprising a number of fixed
contacts not to exceed ten -and a number of
similar contacting surfaces, not to ex-
ceed thirty, t6 co-operate therewith, said
contacts and said surfaces being so ar-
ranged as, during each complete revo-
Iution of the drum, to effect two cycles

of control, each cycle including star, delta

and reverse star connections and also de-
energization of the motor, and wherein pro-
vision is also made for substitution of dou-
ble star connections for the star connections
of such cycle.

5. A rotatable drum controller for three
phase motors comprising a number of fixed
contacts not to exceed ten and segments pro-
viding a number of similar contacting sur-
faces, not to exceed thirty, to co-operate
therewith, said contacts and said surfaces
being so arranged as, during each complete
revolution of the drum, to effect two cycles
of control, each cycle including star, delta
and reverse star connections and also de-
energization of the motor, and wherein pro-
vision is also made for substitution of double
star connections for the star connections of
such cycle, without increase in the number
of co-operating contacts. '

6. A rotatable drum controller for three
phase motors comprising a number of fixed
contacts not to exceed ten and segments
providing a number of similar contacting
surfaces not to exceed thirty to co-operate
therewith, said contacts- and said surfaces
being so arranged as, during each complete
revolution of -the drum, to effeet two cycles
of control, each cycle including star, delta and
reverse star connections and also deenergiza-
tion of the motor, and wherein provision
is also made- for substitution of double star
connections for the star connections of such
cyele through varying the relation of certain
eontroller contacts to the motor-and reduc-
tion in the number of active drum segments.
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7. A rotatable drum controller for poly-
phase motors adapted during each revolu-
tion of the drum to effect two similar cycles
of control each cycle comprising establish-
ment sequentially of low speed, high speed
and reverse low speed connections and final
de-energization of the motor, comprising
contacts and co-operating segments having
contacting surfaces so arranged and so con-
nected as to provide for effecting such con-
trol of a three phase motor or optionally of
& two phase four wire motor.

8. A rotatable drum controller for poly-
phase motors adapted during each revolu-
tion of the drum to effect two similar cy-
cles of control each cycle comprising estab-
lishment sequentially of low speed, high
speed and reverse low speed connections and
final de-energization of the motor, compris-
ing contacts and segments providing co-op-
erating contacting surfaces so arranged and
so connected as to provide for effecting such
control of a three phase motor or optionally
of a two phase four wire motor, the number
of said contacts being not in excess of the
number of circuit connections requiring
commutation in one given instance,

9. A rotatable drum controller for poly-
phase motors adapted during each revolu-
tion of the drum to effect two similar cycles
of control, each cycle comprising establish-
ment sequentially of starting, running and
reverse starting connections. and final de-
energization of the motor, comprising con-
tacts and co-operating segments so arranged
and so connected as to provide for effecting
such control of a three phase motor or op-
tionally of a two phase four wire motor, the
number of said contacts being not in excess
of the number of circuit connections requir-
ing commutation in one given instance, and
the number of segments being not greater
than the product of such maximum number
of contacts times the number of circuit com-
mutations per cycle of control.

10. A rotatable drum controller adapted
to commutate the connections of a three
phase motor to a three wire supply circuit
or of a two phase motor to a four wire sup-
ply circuit in two complete cycles during
each revolution of the drum, each of said
cycles comprising establishment sequentially
of starting, running and reverse starting
connections with final de-energization of
the motor, comprising fized contacts and a
plurality of drum segments arranged in
seven - groups of interconnected segments,
said groups to include but three dissimilar
types.

11. A rotatable drum controller adapted
to commutate the connections of a three
phase motor to a three wire supply circuit
or of a two phase motor to a four wire sup-
ply circuit in two complete cycles during
each revolution of the drum, esch of goid
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cycles comprising establishment sequentially
of starting, running and reverse starting con-
nections with final de-energization of the
motor, comprising fixed contacts and a plu-
5 rality of drum segments arranged in seven
groups of interconnected segments, said
groups to include but three dissimilar types,

and said se(giments being so arranged and in-
terconnected as to render the same function-
ally symmetrical with respect to two dia-
metrically opposed elements of the drum.

In witness whereof, I have hereunto sub-
scribed my name.

RICHARD B. HUNTER.



