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1 Claim. (Cl. 323-435) 

This invention relates to electromechanical 
mechanism and more particularly to improve 
ments in mechanisms of this type which are used 
in transformer tap-changing-under-load systems. 

In certain transformer tap-changing-under 
load systems, especially those‘ for very large 
transformers, there is a relatively large number 
of tap-changer positions in the entire ‘range of 
the system. For example, in one such system 
which has been built there are seventy-three sep— 
arate and distinct tap-changer positions in the 
range of the system. Of these seventy-three po-v 
sitions the thirty-seventh is a neutral position 
of the system so that it has thirty-six positions on 
one side of the neutral position and thirty-six 
other positions on the other side of the neutral 
position. In the operationlof such systems it is 
usually necessary to make a number of control 
or switching operations between particular steps 
or positions of the system. Ordinarily the system 
is motor driven and typically there is a main 
drive shaft which makes one complete revolution 
for each tap change or change of the system from 
one position to the next. It is therefore difficult 
to provide means for giving proper timing and 
operation of the auxiliary control and switching 
elements in a tap-changing system having a very 
large number of steps because if a simple gear 
reduction is used the operation of the auxiliary 
control and switching means will be too slow. 
In accordance with this invention a novel and 

simple mechanism is provided whereby the auxil 
iary control and switching elements of the system 
are driven from the main tap changer drive shaft 
through cascaded Geneva gears. In this manner 
rapid and positive actuation of the auxiliary con 
trol and switching elements may be obtained at 
both ends and at the middle of the tap range 
while no operation or motion of the auxiliary 
control and switching means will take place in 
the other parts of the range of the tap-changing 
system. 
An object of the invention is to provide a new 

and improved electromechanical system. 
Another object of the invention is to provide 

a new and improved control mechanism for 
transformer tap-changing-under-load systems. 
A further object of the invention is to provide 

a new and improved mechanical drive mechanism 
for certain auxiliary control and switching ele 
ments of load-ratio-control systems. 
The invention will be better understood from 

the following description taken in connection 
with the accompanying drawing and its scope 
will be pointed out in the appended claims. 
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Referring now to the single ?gure of the ac 
companying drawing, there is illustrated dia 
grammatically therein an embodiment of the in 
vention as applied to one phase of a three-phase 
system. This phase is indicated generally at I 
and comprises a tapped main winding 2 and a 
pair of tapped vernier windings 3. Co-operating 
with the taps of the main winding 2 are a pair 
of ratio adjusters 4 and 5 and co-operting with 
the taps of the vernier windings 3 are a pair of 
ratio adjusters 6 and ‘I. These adjusters are 
driven by any suitable means, such as by Geneva 
gears 8, 9, I0 and II respectively, from a main 
drive shaft I2. The ratio adjusters are of the 
non-arcing duty type and the arcing duty of the 
system is performed by a pair of arcing contactors 
I3 and I4 which are cam driven from the shaft 
I2. A reversing switch I5 is provided for revers 
ing the connections of the phase I between a pair 
of line terminals I6 and H. The phase I and the 
line terminals I6 and I‘! are connected to two 
other phase windings I8 and I9 through a set of 
transfer switches 20, 2|, 22 and 23. These trans 
fer switches are for the purpose of transposing 
connections of the line conductors I6 and I1 rel 
ative to the phase windings I8 and IS. The 
tapped phase I and the phase windings I8 and 
I9 ‘constitute part of a hexagonally connected 
transformer winding, the remainder of which has 
not been-shown. _ 

The transfer switches 20, 2 I, 22 and 23 are actu 
ated by a cam 24 on a cam shaft 25. This cam 
shaft 25 is driven by a set of cascaded Geneva 
gears 26, 2'! and 28, the latter being actuated by a 
spur shaft 29 driven by bevel gears 30 from the 
main drive shaft I2. A 

The main drive shaft I2 is driven by a reversi 
ble motor 3| through a set of speed reducing 
gears 32 and a clutch 33. The motor has a com 
mon terminal 34 and separate forward and re 
verse direction of rotation controlling terminals 
35 and 36, it being understood that the connec 
tion of a suitable source of current supply between 
terminals 34 and 35 will cause forward rotation 
of the motor and, similarly, application of this 
current supply between terminals 34 and 36 will 
cause reverse rotation of the motor. In order to 
protect the system from overrunning its range it 
is provided with limit switches 31 and 38 which 
are connected respectively in series with the ter 
minals 35 and 36 of the motor. These limit 
switches 31 and 38 are normally closed and they 
are opened at the respective ends of the range 
of the tap-changing mechanism by means of a 
cam 39 on the cam shaft 25. 
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As back-up protection for the system in case 

of a failure of the limit switches another cam 40 
on the cam shaft 25 is provided for actuating a 
lever 4I which is attached to the clutch 3.3 so 
that slight rotation of the cam shaft beyond its 
positions for opening the limit switches will cause 
the clutch 33 to be released so that it will be 
impossible for the motor 3| to drive the shaft I2 
and its driven parts any further. 
The operation of the illustrated embodiment 

of the invention is as follows: The parts have 
been shown in the positions they occupy when 
the tap-changing system is in its neutral position, 
that is to say, in position No. 37 of its 73-posi 
tlon range. Thus, all of the contacts of the 
transfer switches are closed so that line conduct 
ors l6 and I1 are connected together and the 
phase windings I8 and I9 are connected together. 
The reversing switch I5 is closed but as the tap 
changers 4 and 5 are in their mid positions no 
part of winding 2 is connected between lines I6 
and I1. This corresponds to a delta connection 
of the main three-phase mesh (normally hexa 
gon) winding of the system. Assume now that 
the motor 3I is energized so as to cause clock 
wise rotation of the shaft I2 when viewed from 
bottom to top in the drawing and similar rota 
tion of the spur shaft 29 when viewed from right 
to left. It will be seen that all of the cascaded 
Geneva gears 26, 21 and 28 are in engagement so 
there is practically a 1:1 direct drive connection 
between the shaft 29v and the cam shaft 25 with 
the result that the cam shaft 25 will rotate 
counter clockwise, as viewed from right to left 
in the drawing, at approximately the same speed . z 

29. After a few degrees of 
rotation the cam 24 will open the transfer 
switches 20 and 22 so that line conductor I6 will 
now be connected exclusively to phase winding I9 
through switch 2I only and line conductor I1 will 
be connected to phase winding I8 exclusively 
through switch 23 only. After about ninety de 
grees of rotation of the spur shaft 29 the switches 
26 and 22 will not have reached their full open 

as the shafts I2 and 

/ positions, the driver for the Geneva gear 28 will 
be out of engagement therewith, the driver for 
the Geneva gear 21 will be practically outof en 
gagement therewith and the driver for the 
Geneva gear 26 will have caused about thirty de 
grees of rotation of the cam shaft 25. It will be 
observed that the Geneva gears 21 and 28 each 
have six notches so that there is a 36: 1 ratio be 
tween the shaft 29 and the driver for Geneva 
gear 26. 
Continued rotation of the shaft I2 causes the 

vernier tap changers 6 and 1 to move step by 
step counterclockwise along their paths of mo 
tion. Before they have made half a complete 
revolution the ratio‘ adjuster 4 is actuated one 
step. After vernier ratio adjusters 6 and 1 have 
made a half revolution and before they, have 
made a full revolution main ratio adjuster}; is 
actuated one step. Then the vernier ratio ad 
justers start their next complete revolution and 
this alternate ‘vernier and main ratio adjuster 
action continues until the shaft I2 has made 
thirty-six complete revolutions when the ratio 
adjusters 4 and 5 will be at one end of'their 
range of operation. In the meantime the 
Geneva gears 21 and 28 have been operating the 
driver for the Geneva gear 26 so that the latter 
is now ready to cause a second movement of the 
cam shaft 25 in the counterclockwisedirection 
and such second or additional movement will 
cause the cam 38 to open the limit switch 38 and 
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4 
stop the motor 3|. If for any reason the limit 
switch 81 does not open, then a slight further ro 
tation of the cam shaft 25 will cause the cam 48 
to release the clutch 83. 
The operation of the system in the opposite di 

rection from the neutral position is essentially 
the same as has been explained above except that 
transfer switches 2| and 23 will then be opened 
at once and at the end of the range of operation 
the limit switch 31 will be opened. Also the re 
versing switch I5 is actuated the first time the 
main ratio adjuster 4 operates. 
The details of the vernier load-ratio-control 

circuit for phase I are no part of this invention 
as that system constitutes the subject matter of 
patent 2,200,979 granted the present assignee on 
May 14, 1940, on an application of Louis F. 
Blume. Likewise, the combination of a rever 
sible voltage load-ratio-control system and trans 
fer switches for voltage phase shifting purposes 
in connection with hexagonal three-phase wind 
ing; is the subject matter of application Serial 
No. 566,562, ?led December 4, 1944 now Patent 
No. 2,421,299, May 27, 1947 in the name of Wal 
lace M. Johnson and assigned to the present 
assignee. However, in the Blume vernier load 
ratio-control circuit when used with a reversing 
switch, that switch is driven by the operating 
mechanism for one of the main ratio adjusters so 
that it operates relatively slowly in comparison 
with the speed of operation of the vernier ratio 
adjusters. Consequently, the Blume system is 
not readily adaptable for use in the Johnson cir 
cuit and it is the novel- mechanism driven by the 
spur shaft 29 and the combination of this mech 
anism with the load-ratio-control mechanism for 
phase I and the hexagonal three-phase winding 
which makes the present system operate proper 
ly. Thus, it is essential that the transfer 
switches which are driven by the cam 24 oper 
ate very quickly as soon as the mechanism de 
parts in either direction from its neutral posi 
tion because such switches must effect the proper 
change in connections, that is to say, the proper 
transposition of the line conductors I6 and I1 
relative to the phase windings I8 and I9 before 
the ?rst step has been made by either of the 
vernier ratio adjusters 6 or 1. For that reason 
it is not possible in practice to operate the trans 
fer switches from one of the main ratio adjusters 
4 and 5. The reason it is possible to operate the 
reversing switch I5 from one of the main ratio 
adjusters is that during the ?rst half of‘ the ver 
nier action in either direction from the neutral 
position of the system the voltage or the vernier 
winding is applied between the line conductors 
I6 and I1 without going through the reversing 
switch so that all that is necessary is that the re 
versing switch be operated by the time the proper 
main ratio vadjuster is ready to be operated, and 
as the latter operates slowly, the reversing switch 
can be operated slowly. » 
At each end of the range of operation of the 

ratio adjuster system it'ls also necessary that the 
limit switches be operated relatively quickly but, 
of course, they must not be operated at any other 
time except at each end of the range of opera 
tion. It is therefore necessary to provide the 
additional mechanism shown for accomplishing 
this purpose as the limit switches cannot be 
driven from any of the mechanism ordinarily in 
cluded in the load-ratio-control means for 
phase I. _ 

' Another feature of the invention is that as the 
spur shaft 28 continues to rotate, the transfer 
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switches will be opened in increments because 
the second revolution of the shaft 29 will advance 
the gear 21 slightly and this through gear 20 will 
advance the cam shaft 25 slightly. This incre 
mental opening of the transfer switches corre 
sponds with the step by step increase in voltage 
between the line conductors i6 and I1 which is 
produced by the connection of more and more 
of the tapped windings 2 and 3 ‘between these 
line conductors due to the step by step action 
of the load-ratio-control system. It will thus be 
seen that the degree of opening of the transfer 
switches is roughly proportional to the voltage 
between their contacts. , 

While there has been shown and described a 
particular embodiment of this invention, it will 
be obvious to those skilled in the art that various 
changes and modi?cations can be made therein 
without departing from the invention and, there 
fore, it is aimed in the appended claims to cover 
all such changes and modifications as fall within 
the true spirit and scope of the invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
A switching system for a multi-tapped trans 

former winding having a pair of line terminals 
comprising, in combination, a driving motor, se 
lectively energizable circuits for respectively ener 
sizing said motor for forward and reverse rota 
tion, separate normally closed limit switches in 
each of said circuits, a speed reducing gear train 
connected to be driven by said motor, a normally 
engaged dog clutch driven by said gear train, a 
main multi-position tap changing dial switch 
having a mid position and two ‘end positions, a 
single pole double throw switch connected for 
reversing the polarity of said winding with re 
spect to its terminals, means connected to said 
main dial switch for driving said reversing switch 
relatively slowly from one closed position to an 
other when said dial switch goes through its mid 
position, a vernier multi-position tap changing 
dial switch, means including a Geneva gear for 
driving said vernier switch from said clutch 
through a plurality of complete revolutions in 
each direction, means including reduction gear 
ing and a second Geneva gear for driving laid 
main dial switch from one position to the next 
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for each complete revolution of said vernier dial 
switch, a cam shaft having a neutral position, 
means including three cascaded additional 
Geneva gears for rotating said cam shaft from 
said clutch with relatively rapid but short an 
gular motion from said neutral position in oppo 
site directions respectively whenever said main 
dial switch goes through its mid position in a 
corresponding direction and for further rotating 
said cam shaft with relatively rapid but short 
angular motion in opposite directions respectively 
whenever said main dial switch moves beyond 
its end positions, a pair of line conductors for 
connection to the terminals of said winding, 
transfer switching means for reversing the con 
nections of said line conductors to the winding 
terminals, a cam on said cam shaft for operat 
ing said transfer switching means whenever said 
cam shaft is moved through its neutral position, 
an additional cam on said cam shaft for opening 
the appropriate one of said limit switches when 
ever said main dial switch is moved beyond an 
end position, and a third cam on said cam shaft 
for mechanically releasing said clutch if said 
cam shaft rotates any further in either direction 
than is required to open said limit switches. 

. JAMES F. MCKENNE‘Y. 
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