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UNITED STATES PATENT OFFICE 
2,560,002 

WOLTAGE REGULATING CONTROL, AND 
APPARATUS 

William C. Sealey, Wauwatosa, Wis., assignor to 
Allis-Chalmers Manufacturing Company, Mill 
waukee, wis, a corporation of Delaware 
Application July 27, 1945, serial No. 607,411 

(C. 175-375) 5 Claims. 

This invention relates in general to improve 
ments in voltage regulators and particularly to 
an improved tap changing System and apparatus 
for transformers, utilized to regulate a circuit 
voltage. 

In prior art tap changing Systems of the gen 
eral type disclosed in United States Patent to L. 
H. Hill, No. 2,177,109, October 24, 1939, Voltage 
Regulator, a motor controlled in accordance with 
the regulated voltage and operating at a rela 
tively slow Speed, applies a force to a Spring Oper 
ated Structure to move the tap changing Switch 
With an exceedingly fast Snap action from one tap 
position to the next tap position. Such spring 
operated Structure is also utilized to minimize the 
Shock of Stopping the moving contact at the new 
position. 

If the quick Inoving parts of a tap changer of 
the above type were made lighter in weight, and 
therefore of less inertia, the quick break mech 
anism would move the tap changing Switch con 
tacts from one position to the next with such 
rapidity that the arc drawn at the separating 
contactS would not have Sufficient time to be 
extiguished. If the Speed of Separation of the 
breaking contacts were reduced to provide more 
arcing time, failure to extinguish the arc and 
consequent burning of the contactS would ensue. 
Similarly, if the values of the current and volt 
age made and broken by the tap changing switch 
in regulators of the above type, were consider 
ably increased, the Same problem was presented 
Of maintaining or increasing the Speed of con 
tact Separation, but at the same time providing 
a greater time for arc extinguishment to occur. 

It is therefore an object of the present inven 
tion to provide an improved tap changing ap 
paratus and control System in which the above 
nentioned disadvantages are avoided and in 
which the above mentioned problems are Solved. 

It is a further object of the present invention 
to provide an improved tap changing apparatus 
and control System in which the time necessary 
for movement of the tap changing contacts from 
one tap position to another is decreased to permit 
sufficient time for the arc drawn at the breaking 
contacts to be extinguished, without reducing the 
contact separating Speed. 

It is also an object of the present invention to 
provide an improved tap changing apparatus and ; 
CCIntrol System with a quick break tap changing 
contact that is momentarily delayed during its 
movement from one tap position to another. 

It is also an object of the present invention to 
provide an improved control for a tap changer 
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in which the tap changing switch is stopped in a 
position intermediate two adjacent tap positions, 
with a means for preventing such tap changing 
Switch from staying in such intermediate posi 
tion. 

Objects and advantages other than those above 
Set forth will be apparent from the following de 
scription when read in connection with the foll 
lowing drawings, in which: 

Fig. 1 is a front elevation, with the casing 
partly cut a Way so that the tap changing com 
partment can be viewed, of a tap changing mech 
anism embodying the present invention; 

Fig. 2 is a partial Sectional view taken on the 
line II-II of Fig. 1; 

Fig. 3 is a detailed view taken on the line 
III-III of Fig. 2; and 

Fig. 4 is a schematic diagram illustrating the 
essential elements of the control system and ap 
paratus embodied in the present invention. 
The tap changer mechanism shown in Figs, 1 

and 2 is of the general type disclosed in the 
above mentioned patent to L. H. Hill and con 
prises in general a casing 5 forming the lower or 
tap changing compartment, a casing 6 forming 
an upper or transformer winding compartment 
and a casing 7 forming a control compartment. 
The tap changing compartment and the trans 
former winding compartment generally contain 
oil or similar insulating liquid. An oil tight rela 
tion is maintained between these two compart 
ments in order that the oil carbonized by any 
arcing of the tap changing Switches will not 
reduce the insulating strength of the oil in the 
transformer winding compartment. 
The tap changing Switch generally comprises 

an insulating panel 3 upon which are mounted 
the stationary contacts 0 as shown in Figs. 2 
and 3. These contacts are connected to the 
various taps on the winding 20 by means of 
conductors which are carried through the top 
member of the casing 5 in a gang bushing 34. 
The bushing 34 is suitably held in the member 60 
in a manner to maintain the oil tight relation 
between the two compartments. The Series 
transformer 23 is mounted on a bridge member 
36 bridging over the bushing 34. The core of 
the winding 20 is suitably fastened to the mem 
ber 60 and mounted thereon is the core and wind 
ing of the preventive autotransformer 25. 
The moving contacts of the tap changing 

switch are carried on an insulating member 39 
formed in the shape of a key hole as shown in 
Fig. 3. There are two movable contacts 40 and 
4 and each comprises two spring held contact 
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pieces, one bearing on one face and the other 
bearing on the other face of the stationary con 
tacts 0. The movable contacts 40 and 4 are 
connected respectively to current collecting 
brushes 42 and 43 which bear respectively on 
collector rings 37 and 38 of Conducting mate 
rial. The collector ring 38 is formed as an up 
standing portion of a bearing member for shaft 
44, which bearing member has a shoulder 49 
clamped rigidly against the panel 3 by suitable 
means shown as a nut 50. The shaft 44 carries 
the movable contact carrying member 39 and is 
coupled to a shaft 46 by means of an insulating 
coupling 45. 
Two upright members 5 are rigidly fastened 

to crosspieces 2 and 32 and support a notched 
disk 47 rigidly fastened thereto in a Suitable 
manner as by the screws shown in Fig. 2. This 
notched disk 47 forms a bearing for the mem 
ber 33 and the coupling 45, The shaft 46 is 
suitably connected at one end to the member 33 
So as to rotate therewith. Mounted on the Shaft 
46 is a member 72 which carries the latch 74 
which cooperates with the notches 57 in the 
disk 47 when the contacts 49 and 4 are in a 
tap position. The member 72 is pinned to the 
shaft 46 by a pin 73 SO as to rotate therewith. 
A worm 53 is mounted on the left hand end of 
the Shaft 46 (as viewed in Fig. 2) Which func 
tions to drive the position indicator actuating 
rod 54. The worm 53, the shaft. 46, the member 
72, the latch 74, the member 33, the coupling 45, 
the contact carrying member 39, the shaft 44 
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and the movable contacts 40 and 4 all move 
together with a rapid Snap action. 

Rotation of the motor 2 rotates the shaft 59 
which is geared to a gear 64 mounted on the 
shaft 46 but rotating freely relative thereto. A 
substantially triangular shaped member 65 is 
suitably fastened by a pin 66 to the gear 64 so 
as to rotate thereWith. The members 64 and 65 
rotate together freely on the shaft 46. The tri 
angular member 65 has an extension 67 thereon 
for Operating the reversing Switch 30. Also 
mounted on the member 65 are two stops 68 and 
69 which move with the member 65 as it moves. 
Two arms 78 and 9 are mounted on the shaft 
46 so as to rotate freely relative thereto. The 
arms 78 and 79 cooperate respectively with the 
stops 68 and 69 to apply pressure to springs 8 
or 82 connected between the outer ends of the 
arms 78 and 79 and the latch carrying mem 
ber 2. 
The latch member 74 is pivoted at 75 between 

upstanding portions of the member 2 and the 
latch member 74 is biased to the position shown 
in Fig. 2 by means of Springs, as shown in Fig. 
1. The latch 74 carries a bolt 76, the head of 
which is engaged by the upper surface of arm 
78 or 79 to disengage the latch from notches 80 
or 57 in the disk 47. 

Rotation of the motor 2 in a clockwise di 
rection slowly rotates the gear 64 and the tri 
angular member 65, thereby causing stop 69 to 
bear against arm 79 thereby placing spring 8 
under tension. The Snap action parts, includ 
ing the shaft 46 and the member 72, do not 
move because the latch 74 is in a notch 57 in 
the disk 47. Further rotation of the stop 69 
causes the upper surface of arm 9 to bear 
against bolt 6 rotating the latch 74 in a coun 
terclockwise direction about its pivot 75, there 
by releasing the latch from the notch in the 
disk 47. The quick break portions are snapped 
in a clockwise direction as viewed in Fig. 1 by 
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4. 
means of spring 8 and are stopped at the next 
notch in the disk 47 by means of tension placed 
on the spring 82 by the arm 78 stopping against 
the stop 68. 
As shown in Fig. 4, the voltage regulating Sys 

tem generally comprises means for maintain 
ing the voltage Supplied by a Source of current 
Supply 8 to a load circuit 9, at a constant value 
independently of changes in load. This regul 
lation is accomplished by adding to the load 
voltage or subtracting therefrom the voltage of 
transformer 23 having one winding 24 in the 
load circuit and the other winding 22 which is 
supplied through the tap changing Switch 26. 
The winding 22 is connected in boosting or buck 
ing relation to the line voltage 8 dependent 
upon the position of the reversing switch 30. 
The motor 2 is operated in One direction or 

the other in response to changes in load circuit 
voltage for raising or lowering the Voltage on 
the load circuit. The motor 2 is reversibly 
controlled by contact 9 or 92 of relays 88 and 
89 energized through a primary relay or con 
tact making voltmeter generally designated as 
29. The primary relay 29 is energized by a 
winding 86 to which is added or from which is 
Subtracted the voltage of the winding 22 by 
means of a transformer 87. The motor 27 and 
the control circuits are energized from a Suitable 
Source of current such as winding 03. 
The above description covers prior art tap 

changing apparatus and control of the type dis 
closed in the aforementioned Hill patent. Be 
cause of the exceedingly fast snap action of the 
quick break mechanism, the contacts 40 and 4 
were snapped to their next position in a matter 
of about a cycle and a half of current. For nor 
mal currents and for mechanisms having a nor 
mal inertia, Sufficient time was provided for ex 
tinguishing the arc drawn between the contacts 
40 and 4 and the stationary contacts (0. In 
Order to utilize lighter mechanisms. With lower 
moments of inertia or in order to permit higher 
currents to be broken at the dial switch 26, the 
present invention provides for delaying the ac 
tion of the quick break contacts 40 and 4 in be 
tween tap positions, while retaining the advan 
tages of rapid break and make when the con 
tacts 40 and 4 make and break at a tap posi 
tion. 
The illustrated embodiment of the invention 

includes additional notches 80 in the disk 4, 
each of which is positioned in between a pair 
of notches 57. The contacts 40 and 4 therefore 
are moved from a tap position with an exceed 
ingly rapid Snap action but are stopped midway 
between tap positions for a time Sufficient to 
Clear any arc drawn at the breaking contacts. 
In order to prevent the mechanisms from stop 
ping in an intermediate position corresponding 
to a notch 80, a means is provided for holding 
in the relay 88 or 89 which has been energized. 
Whenever the contacts 40 and 4 are not on a 
tap changing position. The above holding in 
means may comprise a Single Switch which is 
closed Whenever the contacts 40 and 4 are not 
On a tap changing position, but this means is 
Shown as a Series of contacts 58 and 63 which 
are connected to a conductor 6 by means of 
a movable bridge 56 moved by the position indi 
cator actuating shaft 54. This shaft 54 carries 
the position indicator 55 as shown in Fig. 4. The 
off position contacts 58 and 63 are closed only 
when the tap switches are not on a tap position 
aS shown by the indicator 55. 
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In Fig. 4, the connections are shown for the 
condition in which the voltage is being raised 
to the correct value and the tap changer is in 
an intermediate position. The contact making 
voltmeter 29 has closed its contacts 85 thereby 
closing a circuit from the winding 03 through 
contact 85, contact 07 of relay 89, coil 88, back 
to Winding 03. Energization of coil 88 has closed 
contact 9 and opens contact 06 preventing 
Simultaneous energization of coil 89 and running 
the motor 27 in a direction to move the contacts 
40 and 4 in a clockwise direction. The contacts 
40 and 4 are shown in Fig. 4 after they have 
been Snapped by the quick break mechanism to 
an intermediate position in which the latch 74 
has dropped into a notch 80. As shown the con 
tact 4 has broken with the stationary contact 
0 with which it was made. 
In this intermediate position the off position 

Switch is closed whereby contacts 58 and 63 are 
connected to the conductor 6. Closing of the 
off position switches sets up a circuit from wind 
ing 03 through conductor 6, member 56, a con 
tact 58, contact f O7, coil 88 back to the other 
side of winding 03, thus holding closed the con 
tact 9 independently of the action of contact 
making voltmeter 29. The motor 27 therefore 
remains energized until the contacts 40 and 4 
make in the next tap position. The contacts 40 
and 4 have been delayed so that sufficient time 
has elapsed for the arc to be extinguished, how 
ever, the speed of contact movement at the time 
of make and break has been maintained at a high 
value aiding greatly in extinguishing the arc. 
Although but one embodiment of the present 

invention has been illustrated and described it 
will be apparent to those skilled in the art that 
various changes and modifications may be made 
therein without departing from the spirit of the 
invention or from the Scope of the appended 
claims. 

It is claimed and desired to Secure by Letters 
Patent: 

1. In a step type regulating System, the com 
bination of a device defining a plurality of alter 
nate main and intermediate contact positions, 
a movable contact, motor means for moving Said 
contact from one said position to the next in 
either direction with a rapid snap action, means 
for initiating operatiun of said motor means, 
means responsive to movement of said contact 
into any of said intermediate positions for main 
taining said motor means in operation, and 
means responsive to movement of said contact 
into any of Said main positions for rendering Said 
maintaining means ineffective. 

2. In a step type regulating System, the Com 
bination of a device defining a plurality of con 
tact positions, a movable contact, means for 
moving Said contact from one of said positions 
to the next with a break and make action com 
prising a motor and a detent mechanism for 
translating the relatively slow uniform continu 
ous operation of said motor into rapid snap ac 
tion of Said movable contact, and means for pro 
viding continuous operation of said motor during 
two Successive operations of said detent mech 
anism including initiating means for energizing 
said motor and circuit means responsive to move 
ment of said contact into every other said posi 
tion for energizing said motor independently of 
Said initiating means until movement of said 
contact to the next position. 

3. ix). 2. Step type regulating System, the coin 

6 
bination of a device defining a plurality of alter 
nate main and intermediate contact positions, 
a movable contact, means for moving said con 
tact from one of said positions to the next with 

5 a break and make action comprising a motor 
and a detent mechanism for translating the rela 
tively slow uniform continuous operation of Said 
motor into rapid Snap action of Said movable 
contact, and means for providing continuous op 

10 eration of Said motor during two Successive op 
erations of Said detent mechanism including 
initiating means for energizing said motor and 
a motor energizing SWitch actuated by Said 
notor to close when said contact is in any inter 

15 mediate position and to open when Said contact 
is in any main position. 

4. In a step type regulating system, the com 
bination of a device defining a plurality of alter 
nate main and intermediate contact positions, a 

20 movable contact, means for moving said contact 
from one of Said positions to the next in either 
directicn with a break and make action com 
prising a motor and a detent mechanism for 
translating the relatively slow uniform continu 
ous operaticn of said motor into rapid Snap ac 
tion of Said movable contact, first control means 
for providing continuous operation of said motor 
during two successive operations of said detent 
mechanism in One direction, and Second control 

30 means for providing continuous operation of 
Said notor during two successive operations of 
Said detent mechanism in the other direction, 
each Said control means including initiating 
means for energizing said motor and a motor 

35 energizing Switch actuated by said motor to close 
When said contact is in any intermediate position 
and to open when said contact is in any main 
position. 

5. In a step type regulating system, the com 
O bination of a device defining a plurality of alter 

nate main and intermediate contact positions, a 
movable contact, means for moving said contact 
frcm one of said positions to the next in either 
direction with a break and make action compris 

45 ing a motor and a detent mechanism for trans 
lating the relatively slow uniform continuous 
Operation of Said motor into rapid snap action 
of Said movable contact, a first energizing circuit 
for Said motor to provide operation of said motor 

50 in One direction, and a second energizing circuit 
for Said notor to provide operation of said motor 
in the other direction, said circuits including a 
common Contact making means for initiating the 
energization of said motor in parallel with a 

55 Common Switch actuated by said motor to close 
when Said movable contact is in any said inter 
mediate position and to open when said movable 
contact is in any said main position. 

WILLIAM C. SEALEY. 
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