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INSTRUCTIONS GEK-6143B
. (Supereedes GEK-8143A)

AUTOMATIC STATIC CONTROL

FOR

LOAD-TAP-CHANGER EQUIPM!N‘I‘

INTRODUCTION

The control described below incorporates the
standard features of voltage sensing, time delay and
line drop compensation common to all controls for
regulating transformers. All functions except the
final output to the motor circuit are performed with
static devices in order to minimize the effects of
wear over an extended service life. Refer to the
control disgram appended. '

The controls are designed for 60-cycle alternating
current operation. All devices are factory-calibrat-
ed and adjustments can be nmiade by the calibrated
control knobs. No warm up time is required by the
controls and the accuracy class is better than Class 1.
The control settings can be secured by the locking
knobs.

OPERATION

The transformer output voltage is stepped down
by a potential transformer and is applied to the
input of the control. A test rheostat R24 is pro-
vided to permit variation of the voltage applied to
the sensing circuit of the control with no change in
the transformer output voltage. This facilitates
checking of controls at installation.

A 5:1 ratio transformer (T1) is used to reduce the
voltage applied to the line drop compensator and
sensing circuit. A rheostat (R29) provides for voit-
age level settings between 105 and 135 volts.

Before being applied to the sensing circuit, the
output of transformer (T1) is modified by the line-
drop compensator. The line drop compensator con-
sists of & tapped reactor (XLDC) and a rheostat
(RLDC) which are used to develop voltages propor-
tional to the IX and IR drops in the line fed by the
transformer. The reactor simulates the IX drop
and has taps selected to permit the insertion of 0 to
24 volts compensation in one volt steps with rated
current flowing in the load current transformer.
The resistance compensation is continuously ad-
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justable from 0 to 24 voits at rated output current.
A compenstion polarity selector switch (S1) is
provided to permit the reversal of the resctance
compensation when required by transformer applica-
tion. For normal compensstion applications the
voltage developed across the line drop compensator
is subtracted from the transformer output voltage.
This forces the transformer output to be higher for
given voltage into the sensing circuit and thus causes
the transformer to compensate for the drops created
by current flow in the lines.

The voltage sensing element of the control is &
zaner diode bridge. The legs of the bridge consist
of: Ré, CR21, CR32, Z1 and R12, CR19, CR20 and
Z2, R28, R7 and R15. Resistors R12 and R1S are
relatively small and may be ignored in a geueral
analysis of bridge operation. Diodes CR19, CR20,
CR21 and CR22 are used for temperature compeasa-
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tion and may also be ignored for general analysis.
This leaves the basic elements of the bridge being
R6, Z1, Z2, R28 and R7.

voltage variations are reflected as différences in
are DC devices, it is necessary to rectify and filter
thensuhtoe-outpubbdouapp!yingitbthemﬁng

bridge. Porthiaappliaﬁon.thebﬁdgeisatiu-

balanced condition when the potential at the junc-
tion of R6 and CR31 {s equal to the potential at
terminal point A3, Ag the applied voltage Iz-
cresses, the potentia] at A8 rises with respect to

the poteatial at the Junotion of RG and CR21. As it ,

decreases the reverse ocours.

Tl:contputofthevoltageuuingbﬁdgeisfedto
theeonuolwindinpdapuirofmgneﬁcmpliﬁen
. At balance current flow in
themmlwwnpdmusﬁomk9tol.3ud
cumntﬂowinthemmlwindinyofmmm
L3 to Rl0. Current flow in this direction causes
eachampliﬁertoprodueenepﬁvepuhutothepte
circuit of SCRI. Since positive gate voltage is
required to make an SCR conduct, there will be no
outputfromﬂlemntml.

When the applied voltage increases the potential
at point A3 rises with respect to the potential at
the junction of R6 and CR21. When the fnorease is
suffictent to cause the potential at the lower slider
of R28 to go above the potential at the junction of
R6 and CR21, the current in the ooatrol winding of
AMP32 will reverse. This ourrent reversal wiil
cause AMP2 to produce pasitive pulses to the gate
circuit of SCR1 aod make It conduct.

It may be scen that the rectifiers CR9 and CR1¢
in the circuit of AMP2 will foree it to function on the
half cycle of the AC wave when the bottom of trans-
former T2is positive with respect to the top. There-
fore, positive pulses from AMP2 cause SCR1 to
conduct on the half cvele which applies voltage to
the lower portion of the circuit and charges capacitor
C4. This potential is applied through CR14 to the
time delay circuit which consists basically of a uni-
junction transistor (UJT1) and an RC charging
network (R25 and CS5). When C5 has charged
sufficiently to cause UJTI to conduct, tke pulse
created by this conduction is applied to the gate
circuit of SCR2 causing it to conduct. Conduction
of SCR2 energizes relay K2 which in turn energizes
the lowering output relay K4.

A similer sequence may be followed through when
the applied voltage decreases. In this case, the

current through the control windings of AMP]
reverses when the potential at the upper slider of
R28 falls below the potential at the junction of R6
and CR21. Note that the setting of R28 determines
the amount of deviation from balance required to
initiste a controlling action. Therefore, R28 is the
bandwidth: adjustment.

Since AMP] functions when the top of T2 is
positive with respect to the bottom, SCR1 is caused
to conduct on the half cycle which energizes the
upper portion of the circuit. The same timing
circuit is energised, but this time through rectifier
CRI3. Under these conditions, when SCR2 con-
duets, it will energise relay K1 which will in turn
energize raise output relay K3. Note that variable
resistor R25 changes the time constant of the RC
charging network and is therefore the time delay
adjustment element. Since a single timing network
is used, a single adjustment provides for equal time
delay in either direction. :

If the voltage sensing device returns to a balanced
condition before capacitor CS is fully charged or time
cycle is completed, the capacitor will discharge thru
the same path as the charging network.

In order to facilitate checking the control, & pair
of indicator lights is provided to show when the edge
of the band has been reached. To keep from unduly
loading the circuit during normal operation and to
extend lamp life, the circuit is arranged such that
the lamps are operative only when the band edge test
switch is depressed. These indicator lights may be
used to check voltage level and bandwidth but due
to circuit loading by the lamps it is necessary that
they be off for time delay checks.

Test input terminals are provided on the front of
the control to facilitate checking the controls without
energizing the transformer. To check controls with
no voltage on the transformer, connect a variable
120 volt supply to the “test input” terminals, place
the selector switch in the “test” position and pro-
ceed as outlined under “checking the level and
bandwidth.” Upon completion of tests, return the
selector switch to “normal” to reconnect the control
to the transformer output supply.

VOLTAGE SENSOR
GENERAL
The voltage sensing device continuously measures
the output voltage of the transformer and controls

the operation of the motor of the tap changer, there-
by maintaining the output voltage within a preset
band.
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‘VOLTAGE LEVEL :

To adjust the voltage level of the control, rotate
the adjusting knob ‘marked:“Voltage Level.” The
voltage level is continuously adjustable between 105
and 135 volts with scale markings in 1-Volt incre-
ments.

The sensor is set at the factory for 120-volu with
1.5-volts bandwidthis.

BANDWIDTH

To adjust the bandwidth of the control, rotate the
adjusting knob marked “Bandwidth.” The band-
width dial is calibrated for 1.5, 2.0, 2.5 and 3.0 volts
at normal voltage levels between 110 and 130 volts.
The desired bandwidth is obtained by the inter-
section of the voltage level line and bandwidth line.

The bandwidth is usually made equal to one per-
cent of the control potential, plus the percent value

of the voltage tap times the normsl potential. For

example, ‘assume a 120-volt control potential and
five-cights percent taps in the equipment ‘winding;
then -~

1% x 120 volts = 1.20 volts

36% x 120 volts = 0.75 volts

Bandwidth (total) = 1.95 voits or approximately
2,0 volts.

CHECKING THE LEVEL AND BANDWIDTH

‘The normal voltage setting of the voltage sensor
should be checked first. Normal voltage is the
median of the voltages at the points when the
“High"” and “Low” band edge indicator lights just
go on.

To check the normal voltage level, conmeot
an indicating voltmeter to the potential test termi-
nals on the control panel and set the line-drop com-
pensator for zero compensation. The indicating
voltmeter will read the equivalent output voitage
of the transformer.

With indicating voltmeter connected to the poten-
tial test terminals, proceed as follows:

1. Set the *“Voltage Level®’ adjusting knob.

2. Manually operate the transformer either
““Raise® or ‘““Lower" uatil the voltmeter reads ap-
proximately 2.volts above the upper edge of the
desired bandwidth.

3. Push the band edge test switch. At this point
the “High" light should be lit signifying that the
voltage is above the upper edge of the bandwidth.

4. Turn the test rheostat in until neither light is
lit. Continue tuming in the test rheostat until the
“Low” light is lit and record the voltage at which

the light comes on. This is the lower edge of the
bandwidth.

5. Tum:the test rheostat in the opposite direc-
tion until the “High" light-is lit and record the volt-
age at which:this light'comes on. This is the upper
edge of:the bandwidth. :

6. The median of these two voltage recordings is-
the true normal voltage setting of the control.
Should this actual setting be: slightly different than
required, slightly adjust the “Voltage Level” control
knob accordingly and repeat the above steps. Band-
width is the interval between when the “High” and
“Low"” lights just goon.

7. Retum the test rheostat to “Auto™ position
and reset the line-drop compensator to the desired
value,

TIME DELAY
GENERAL

The time delay provides for a time delay between
the energising of the voltage sensing device and
functioning of the load-tap changing equipment.
The time delay is continuously adjustable from 10
through 90 seconds. To adjust the time delay
rotate the adjusting knob indicated “Time Delay”
to the desired time.

The timer is set for 30 scconds at the factory, and
this is the recommended setting unless particular
applications indicate otherwise.

Charging time of the capacitor depends on the
length of time the timing cycle has been off. The
recovery time of the timer is essentially the same as
the charging or cycling time, thus the timer has an
integrating action until the output relay closes at
which time the timer automatically resets to sero
time.

CHECKING TIME DELAY ,
Place the control in a balance condition within the -
bandwidth. Start of time delay is initiated when
the control is instantaneously placed out of the band-
width by use of the level adjust. The time between
throwing the control out of the bandwidth and when

the motor energizes is the time delay.

LINE-DROP COMPENSATOR

The Line-Drop Compensator has adjustable posi-
tive resistance and reactance elements in the control
circuit which make it possible to simulate actual line
impedance. The resctance setting consists of coarse
and fine adjustment knobs. A combination of these
sdjustments provides a range of 0 to 24 voits in one
volt steps. A separate switch is provided to permit
reversing the reactance compensation for the reverse
reactance method of paralleling, A%guct-
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ance transformer (XTR) is provided to permit parallel
operation using the circulating current method.On -
units where the paralleling.control is provided, the
individual-paralle! selector switch (43TP) is mounted
on the control

causes &: proportionsl: current: to flow: tlirough the.
R and X of the compensator circuit. An suxiliary
isolating transformer, (RT) is provided in the
control to permit grounding of the line current trans-
former secondary. The compensator IZ drop is
subtracted from the potential transformer secondary
voltage, end the resultant is applied to the voltage
sensor. This sensor causes the transformer to hold
a voltage high enough (or low enough) to compensate
for the voltage drop (or rise) to some predetermined
location on the line, thus causing the voltage at this
point to remain essentially constant. The settings
of the line-drop compensator are calculated using the
following equations:

R setting (volts) ==
1¢T* x resistance of the line. (chms
oten trangiormer.ratio

X setting (volts) ==
1T x resctance of the line ohm

*1cT - Current transformer primary current rating.

Resistance and reactance figures may be obtained
from Table L.

Por single-phase (2-wire) circuits, double the line
R and X values as the total impedance out and back
must be factored. If the circuit consists of one line
and a grounded neutral, the total will be 1.67 times
the R and X values. For three-phase circuits the
loads are considered balanced, and the impedance
for one wire only need be considered. If the ratio
of the potential transformer represents the line to
line control potential ratio, divide the ratio by 1.73
to obtain the necessary line to neutral relationship
for use with the formulas.
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