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INTRODUCTION 

INTRODUCTION 

The AcculStat™ MJ series are digital controls designed 
primarily for use with Type JFR, SFR and AFR step-voltage 
regulators. Controls which include a "T" suffix are an 
adaptation of the AcculStat MJ control incorporating 
additional features commonly desired on LTC transformer 
controls. 

The AcculStat MJ-3A is similar in most operational respects 
to the earlier digital AcculStat MJ-1A, -2A and -3 controls. 
Also, the AcculStat MJ-3A is electrically and mechanically 
interchangeable with previously supplied analog controls, 
the AcculStat IJ, SJ and particular UJ series. 

The heart of the unit is a microprocessor which includes an 
NO input section to convert analog system information from 
the instrument transformers to a digital code which can be 
understood by the control processor. Digital information is 
then used to calculate voltage, current, and power factor. 
Calculated values are compared to the reference values 
which have been selected by operator settings on the 
control panel. Results of the comparison form the basis for 
output commands of the control. 

Commonly requested accessory functions are conveniently 
added to the AcculStat MJ-3A package as required: 

• Reverse Power Flow capability. All controls will auto­
matically recognize the existence of a system power 
reversal, but may require the addition of a supplemental 
relay in order to properly act upon it. 

• Voltage Reduction Control. To automatically reduce the 
distribution system voltage by a preset percentage when 
remotely activated as via a SCADA command. 

• Voltage Limit Control. To assure the output voltage at the 
regulator (or LTC) is not maintained beyond preset upper 
and lower limits. 

• DATAlPAI0M Display. To provide local display of various 
present system parameters and information on the time­
lagged excursion of these parameters. A coded display 
in tegral to the DATAIPAKTM display can identify 
situations which may require operator attention. 

• Digital or a n alog communications capability -
Communication of system parameters to SCADA via 
RTU in either serial digital or analog output form. 

AcculStat MJ-3A controls are designed to operate at tem­
peratures ranging from -400 C to +850 C (-400 F to +1850 F) 
with accuracy levels exceeding ±0.5%. Transient 
overcurrent and overvoltage protection is afforded by fuses, 
metal oxide varistors and optical isolators. 
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A WARNING 
This equipment  contains hazardous 
voltages. 

Can result in personal  injury due to 
electrical shock or in property damage if 
safety instructions are not followed. 

Only qualified personnel should work on 
this equipment after becoming thoroughly 
familiar with all warnings, safety notices, 
instructions and maintenance procedures 
contained herein. The successful and safe 
operation of this equipment is dependent 
upon p roper handl ing,  i nstallation ,  
operation and maintenance. 

QUALIFIED PERSON 

FOR THE PURPOSE OF THIS MANUAL AND PRODUCT 
LABELS, A QUAL I F IED PERSON IS ONE WHO IS 
FAMILIAR WITH THE INSTALLATION, CONSTRUCTION 
AND OPERATION OF THE EQUIPMENT, AND THE 
HAZARDS INVOLVED. IN ADD ITION, HE HAS THE 
FOLLOWING QUALIFICATIONS: 

• Is trained and authorized to energize, de-energize, clear, 
ground and tag circuits and equipment in accordance 
with established safety practices. 

• Is trained in the proper care and use of protective 
equipment such as rubber gloves, hard hat, safety 
glasses or  face shields, etc., in accordance with 
established safety practices. 

• Is trained in rendering first aid. 

The successful field performance of the AcculStat MJ-3A 
control depends as much on proper installation and 
maintenance as i t  does on good design and careful 
manufacture. Refer to these sections before performing any 
installation or maintenance. 

The instructions included in this book are necessary for 
safe installation , maintenance and operation and to aid you 

in obtaining longer and more economical service from your 
regulator control. For proper installation and operation -
resulting in better service and lower maintenance costs -
this information should be distributed to operators and 
engineers. www . 
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By carefully following these instructions, difficulties should 
be avoided. However, they are not intended to cover all 
details or variations that may be encountered in connection 
with the installation, operation and maintenance of this 
equipment. 

Shou ld  addit ional info rmation be desired,  inclu d ing 
replacement instruction books, contact you r  Siemens 
representative. 

Distinctive signal words (DANGER, WARNING, CAUTION) 
are used in this instruction book to indicate degrees of 
hazard that may be encountered by the user. For the 

purpose of this manual and product labels these signal 
words are defined below. 

DANGER 

WARNING 

CAUTION 

Indicates death, severe personal injury or 
substantial property damage will result if 
proper precautions are not taken. 

Indicates death, severe personal injury or 
substantial property damage can result if 
proper precautions are not taken. 

Indicates m inor  personal inj u ry or  
property damage could result i f  proper 
precautions are not taken. 
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RE PLACEMENT OF EARL I ER CONTROLS 

REPLACEMENT OF EARLIER 
CONTROLS WITH THE 
ACCU/STAT MJ-3A CONTROL 

The MJ-3A control is directly interchangeable with previous 
types MJ-1 A, MJ-2A, MJ-3, IJ-2, IJ-2A, SJ-3, SJ-4, SJ-5, 
SJ-6 , UJ-5C, and UJ-5AC. It wi l l  mount in the original 
enclosure simply by swinging the control to be replaced 
outward on its hinges, removing and inserting of the MJ-3A. 
If the original control has modifications such as Auxiliary 
VT, Auxil iary CT, Reverse Power Flow Detector, Voltage 
L im it Contro l ,  Vo ltage Red u ct ion Contro l ,  or other  
accessories mounted in the enclosu re ,  such m ust be 
removed to allow room for installing the MJ-3A. The MJ-3A 
may or may not have the needed accessory included in 
itself. If not, it wi l l  be necessary to remount the needed 
accessory in its own weatherproof enclosure and affix it to 
the side of the panel enclosure, or add it in kit form to the 
MJ-3A. 

Note 1 :  The control being replaced may incorporate a 
jumper between the P2 and U2 terminals on the 
female  (stationary) port ion of the po lar ized 
disconnect switch (PDS, or jack plug). If, and only 
if, this jumper is present 

A. Remove the jumper. 

B. Remove the P2 lead from the P2 screw terminal. 
Reconnect the P2 lead to the U2 screw terminal, 
leaving the P2 terminal vacant. 

A WARNING 
Jo in ing of P2 and U2  l ines f rom the 
regulator will cause a direct short circuit of 
the two voltage sources. 

Severe internal damage will occur. 

Never connect the P2 and U2 leads to the 
same terminal. 

Note 2: To replace panel types UA-23, UA-24, UA-25, (also 
type UJ-1 used on SIN's 9-01 1 0-001 59, 001 63, 
and 0020 1 ) ,  a special mounting adapter kit is 
required. To make use of this adapter kit, Cat. No. 
1 670, the MJ-3A must be installed complete with 
its enclosure. 

Note 3: To replace panel types UJ-4 and UJ-5 with the 
MJ-3A, replace the 1 0  pin male portion of the PDS 
of the MJ-3A with the 7 pin male PDS from the 
older control. Tape up the three unused leads U 1 0  
(operation counter), U 1 1 (drag hand reset) , and 
U 1 2  (Neutralite). Install a jumper wire from C1 to E 
on the female portion of the PDS. 

Note 4: To replace controls other than those named, refer 
to the factory for special engineering instructions. 

Note 5: Regardless of panel type being replaced, the 
MJ-3A must be configured to operate with the 
particular regulator on which it is being installed. 
See pages 8-1 5. 
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FACE PLATE CONTROLS 
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BASIC FUNCTIONS 

Light Emitting Diode (LED) flashes at 6 Hz rate indicating -
proper operation of the microprocessor. 

LED will i l luminate (steady or flashing) when control senses 
a system condition of power flow reversal. 

When il luminated, indicates a condition which may require 
operator attention. 

The voltage through which the control will remain "in" band. 
The voltage level setting is at the bandwidth center. 

Voltage 
Level 

Setting 

I 
Bandwidth 

The voltage source for the control is NORMAL (from the 
regulator's internal voltage supply) or EXTERNAL (from 
a properly polarized 1 20VAC source). 

A CAUTION 
Improper external source connection will 
place 1 20V on the ground circuit. 

Equipment damage can occur. 

Observe proper polarity of external power 
supply. 

Voltage level Setting 
The Output voltage desired to be held by the regulator. 
When line drop compensation is used, the voltage level 
setting is the voltage at the load center. 

Independent fusing of the power 
and voltage sensing circuits. 

Selection of Automatic Control or Manual 
Raise/Lower command of the regulator. www . 
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FACE PLATE CONTROLS 
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A voltmeter will display the 
regulator output voltage. 

in­
Low_ 
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Indication of output voltage relative to bandwidth 
setting. 

Intentional time lag between out of band condition 
and start of tapchanger drive motor. 

Line d rop  compensat ion i s  used to mode l  the 
resistive and reactive voltage drop of the l ine to 
cause the regulator to hold the voltage desired at the 
load center. This feature is inactive during system 
reverse power flow condition. 

The light is i l luminated when the regulator is in the 
neutral position. 

The drag hands on the tap position indicator are reset 
to the present tap position by depressing this button. 

A count of the nu mber of regu lator tap change 
operations. 

A WARNING 
Voltage  app l ied at test terminals m ay 
energize regulator to high voltage through 
voltage transformer. 

Death or severe electrical shock can occur. 

Do not connect any voltage source at the 
voltage test terminals. 
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FACE PLATE CONTROLS 
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ACCESSORY FUNCTIONS 

Voltage Reduction Control 

VRC Act"", 

-
Remote 

I Oli. 
"I 
Local 

Voltage Limit Control 

Lower Limrt ActIVe Or. 

-

Any combination of Voltage Reduction Control, Voltage 
Limit. Control and DATAIPAK Display may be supplied as 
optional accessories to an Accu/Stat MJ-3A Control .  When 
supplied, the accessory package will be oriented above the 
basic control in the relative position pictured. 

Use of any one or more of the above accessories wi l l  
require the use of an Interface Printed Circuit Board. This 
can be either the Standard Interface Board or a Digital 
Communicating Interface Board. 

• Voltage Reduction Control. Two operating modes are 
possible with the VRC on an Accu/Stat MJ-3A. 

1 )  Activation, either by local switch or remotely (see page 
1 1 ) ,  for a period of three seconds or more, will cause 
the regulator to lower the output voltage by the preset 
percentage. This reduction will be maintained for as 
long as VRC is activated. 

NOTE: This mode of operation is identical to that of 
previous MJ series controls. 

2) Activation with a switch closure of less than 3 seconds 
du ration causes the regu lator to lower its output 
voltage by one-third of the preset percentage.  A 
second switch closure of less than 3 seconds duration 
causes voltage reduction to total two-thirds of the 
preset percentage. Closing the switch a third time for 
less than 3 seconds results in a voltage reduction of 
the ful l  preset percentage. The fourth such closure 
returns the control to zero reduction, i.e. deactivating 
the VRC. 

The control can be activated locally for test or remotely, 
as via a relay controlled by a SCADA system connected 

Upper lim't Active 

-

DatalPak� 

PF 
Lead 

-

to appropriate points on the rear of the control. When 
activated ,  the command for reduction is i mmediate , 
overriding the time delay set on the basic control .  An LED 
is i l l uminated when the VRC is act ive.  Once in  a 
reduction mode, the preset bandwidth and time delay will 
once again be in effect. 

• Voltage Limit Control .  The VLC is automatically activated 
and a tapchange prevented if the next tapchange raise 
(or lower) would put the output voltage above (or below) 
the preset limit. Further, if because of a change in system 
condition, the voltage moves outside the l imits, the 
control wi l l  automatically operate to put the voltage within 
the limits. As with the VRC, activation due to VLC is 
immediate and without regard to the basic control time 
delay setting. Individual LED's display when the lower or 
upper limit is active. 

It is apparent that the basic control ,  VRC, VLC and the 
Automatic Tapchange Inhibit feature (see page 11) need a 
ruling priority. 

• Highest Priority - Automatic Tapchange Inhibit 
• Second Priority - Voltage Limit Control 
• Third Priority - Voltage Reduction Control 
• Fourth Priority - Basic control panel voltage level setting,  

including effect of line drop compensation and time delay. 

• DATAIPAK Display. Many meter functions are bUilt-in 
and may be conveniently displayed. 

• COMP VOLTS. The present voltage at the theoretical 
load center based u pon known reg u lator output  
voltage and current and the resistance (R)  and 
reactance (X) of the line as modeled in Line Drop 
Compensation. It is the voltage to which the regulator www . 
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responds. Compensated volts will be the voltage level 
setting to within the tolerance of the bandwidth. 

• DRAG HANDS. Extremes of the above parameters are 
recorded in non-volatile permanent memory and may be 
accessed via the drag hand position. The memory is 
reset to an integrated value (see page 15) by depressing 
the button switch above the display while displaying the 
particular parameter. Each Drag Hand parameter must 
be reset individually. 

• VOLTS. The present output voltage of the regulator. This 
will be identical to comp volts if line drop compensation is 
set to zero. It is to this voltage that the VLC option 
responds. 

• PF. The present line power factor at the regulator. The 
PF LEAD or PF LAG light will illuminate when the switch 
is in the PF position. 

• ALERT. There are certain conditions which affect the 
operation of the control of which the operator should be 
aware, and other conditions which may be useful to the 
technician if repair is required. In the event the ALERT 
light is i l luminated on the basic control, switching the 
DATAIPAK unit to ALERT will display the reason for the 
alert signal. See page 21 for additional detail. 

• AMPS. The present load current. The current display will 
be i n  error to ±10% during condition of system power 
reversal because the CT is then effectively on the source 
of the regulator and consequently includes shunt winding 
current. 

MJ Communication Interface Digital Format 

Df A Converter Analog Format 

Features 
• RS 232 Electrical Standard 
• Dip switch selectable transmission rates of 300, 1 200 and 9600 

baud 
• Simple protocol allows data transfer with software developed by 

RTU manufacturer 
• Sample protocol: 

-Message Synchronization 
-MJ Control Address - dip switch select one of 255 regulator 

addresses 
-Message Type Information 
-Data Communication Field 
-Error Check 

Note: To better facil itate the paral lel connection of mu lt ip le 
regulators, a terminal block will be provided in place of the 25 pin 
RS-232 connector. 

Features 

Selectable output formats for each of the four information signals 

·0-1 ma dc 

• ± 1 ma dc 

·4-20 ma dc 

• ± 20 ma dc 

o± .1, 1 , 5  or 10 V dc 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 
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The Accu/Stat MJ-3A control must be configured to the 
regulator with which it is being used 

INSTALLING JUMPERS AT THE 

SENSING TRANSFORMER 

Some regulators are built with a turns ratio that does not 
provide exactly 1 20 volts to the control at rated Voltage. To 
compensate for this and provide 1 20 volts to the control, a 
tapped sensing transformer is used in the MJ-3A panel. 

This adjustment of the "P" voltage to 1 20 volts, if required, 
is accomplished using taps on the sensing transformer. 
These taps are brought to the terminal block located on the 
control transformer board as i l l ustrated pictorial ly and 
schematically below. 

The two il lustrations differ by the presence of a relay at 
the RL Y1 position. Even though the basic control 
will recognize the existence of a power reversal, 
this relay must be added to maintain the same 
voltage level setting in either forward or reverse 
power flow conditions. 

P14 0 

P 

120V 

TO CONTROL 

SENSING TRANSFORMER 

S
27 • 

25 
23 
21 

o 

• 

Typical example where reverse power flow is not expected. 

SENSING TRANSFORMER 

RLY 1 

~ 
P14 P14A 25 

C P14B 23 

PA 21 

PB 0 
P 

120V 

• 

TO CONTROL 

Typical example where reverse power flow may occur. www . 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 

A CAUTION 

Failu re to include a relay at RL Y1 position may 
result in improper voltage level sense of the control 
under condition of system power flow reversal. 

The regulator output voltage may not be held to the 
desired voltage. User property damage can occur. 

Include RL Y1 and appropriate sensing transformer 
connections if a system power flow reversal is 
anticipated. 

If the regulator will be used on a system where reverse 
power flow is not a consideration, voltage compensation 
may be made using points P 14  and P in conjunction with 
points 20, 21 , 23, 25 and 27. If reverse power flow can 
occur, points P1 4A and PA are used for one mode (FPF or 
RPF) and point P 1 4B and PB are used for the other as 
follows: 

Regulator Style' 

Power Flow Condition 10 Straight 10 Inverted 30 

Forward 

Reverse 

P14A,PA P14S,PS 

P14S,PS P14A,PA 

'See Appendix I for a description of how to determine if a given 
regulator is of "straight" or "inverted" design, based upon the nameplate 
information. 

Consequently, the basic connections for the terminal strip 
will differ based upon : 

1 )  The regulator is, or is not, subject to a system power flow 
reversal. 

2) Single phase or three phase regulator. 
3) Single phase regulator of straight or inverted design. 

Note, in regard to the terminal strip designations 20-21 -23-
25-27, that these numbers are indicative of the voltage of 
each tap. 

The difference between the numbers is indicative of the 
difference in voltage. 

A ±7 volt correction is the maximum that may be achieved 
using the sensing transformer. Consult the factory if more 
than 7 volts correction are required. 

Page 9 

The following examples will illustrate the procedure. 

EXAMPLE CASE 1 :  Forward Power Flow Only, 10 Regu­
lator, Straight Design 

Examination of the nameplate will show P2 voltage as 
1 20V. Consequently, no voltage correction is needed. 
Connect "P1 4" and "P" to terminal 20. 

EXAMPLE CASE 2: Forward Power Flow Only, 10 Regu­
lator, Inverted Design 

Examination of the nameplate will show the P2 voltage 
as a value between 1 1 3V and 1 27V. This will be the P14  
voltage which is to  be  corrected to  1 20V at  P .  The 
sensing transformer will be connected to accomplish this 
correction. 

To determine the correction required, subtract 1 20V from 
the P14  voltage, observing the proper sign of the result. 
Implement this correction via the 20-21 -23-25-27 taps of 
the sensing transformer. 

Example: P2 = 1 25V 
Calculate: 1 25- 1 20 = +5V 
Connect: P 14  to 25; P to 20 

Example: P2 = 1 1 6V 
Calculate: 1 1 6- 1 20 = -4V 
Connect: P14 to 21 ; P to 25 

Note 1 :  In the second example, a negative voltage is 
calculated which is recognized by reversing the polarity 
of the tap section of the sensing transformer. 

Note 2: I n  the second example, a 4V correction is 
accom pl ished by us ing  taps which represent the 
magnitude difference of 4V. It is not necessary to always 
use Point 20. 

EXA M P L E  CASE 3: Forward Power Flow Only ,  30 
Regulator 

Siemens three phase regulators are of the straight 
design,  so normally the provisions of Example Case 1 will 
apply. There are, however, isolated cases where the P2 
voltage is not the exact reference voltage. Examination 
of the nameplate will show if this is true. In such cases, 
the p roced u re of Example Case 2 wil l  apply if a 
1 20V reference is desired. Note: The reference voltage 
for a 3-phase regulator may not be 1 20V; in many cases 
1 1 5V or other reference voltage has been used. 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 
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EXAMPLE CASE 4: Subject to Reverse Power Flow, 1 0  
Regulator, Straight Design 

For a straight design regulator use: 

1 )  P 1 48 and PB terminals for sensing transformer tap 
connections for condition of forward power flow. 

2) P 1 4A and PA terminals for sensing transformer tap 
connections for condition of reverse power flow. 

Examination of the nameplate will show P2 voltage 
as 1 20V. Conseque ntly ,  no voltage correct ion i s  
needed for FPF  condition. Connect P 1 48 and PB to 
terminal 20. 

The auxiliary winding is used as the source side VT for 
RPF .  Examination of the nameplate will show this 
voltage (U2) as a value between 1 1 3V and 1 27V. This 
will be the P 1 4A voltage which is  to be corrected to 
1 20V at P. The sensing transformer will be connected 
to accomplish this correction. 

To determine the correction required, subtract 1 20V 
from the P 1 4A voltage, observing the proper sign of the 
result. Implement this correction via the 20-21 -23-25-27 
taps of the sensing transformer. 

Example: U2 = 1 25V 
Calculate: 1 25- 1 20 = +5V 
Connect: P 1 4A to 25; PA to 20 

Example: U2 = 1 1 6V 
Calculate: 1 1 6- 1 20 = -4V 
Connect: P 14A to 2 1 ;  PA to 25 

Note 1 :  In the second example. a negative voltage is 
calculated which is recognized by reversing the polarity 
of the tap section of the sensing transformer. 

N ote 2: In the second example, 4V correct ion is  
accompl ished by u s ing taps which represent the 
mag nitude difference of  4V.  It is  not  necessary to 
always use point 20. 

EXAMPLE CASE 5: Subject to Reverse Power Flow. 1 0  
Regulator, Inverted Design 

For an inverted design regulator use: 

1 )  P 14A and PA terminals for sensing transformer tap 
connections for condition of forward power flow. 

2) P 14B and PB terminals for sensing transformer tap 
connections for condition of reverse power flow. 

The auxiliary winding is used as the voltage source for 
FPF .  Examination of the nameplate will show this 
voltage (P2) as a value between 1 1 3V and 1 27V. This 
will be the P 1 4A voltage which is to be corrected to 
1 20V at P. The sensing transformer will be connected 
to accomplish this correction. 

To determine the correction required, subtract 1 20V 
from the P1 4A voltage, observing the proper sign of the 
result. Implement this correction via the 20-21 -23-25-27 
taps of the sensing transformer. 

Example: P2 = 1 25V 
Calculate: 1 25- 1 20 = +5V 
Connect: P 14A to 25; PA to 20 

Example: P2 = 1 1 6V 
Calculate: 1 1 6- 1 20 = -4V 
Connect: P 14A to 21 ; PA to 25 

Note 1 :  In the second example, a negative voltage is 
calculated which is recognized by reversing the polarity 
of the tap section of the sensing transformer. 

Note 2 :  I n  the second example, a 4V correction is  
acco m pl ished by u sing taps which represent the 
magn itude difference of 4V. It  is  not necessary to 
always use Point 20. 

Examination of the nameplate will show P 1 2  voltage 
as 1 20V. Consequently , no voltage correct ion is  
needed for RPF condition. Connect P14B and PB to 
terminal 20. 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 

EXAMPLE CASE 6: Subject to Reverse Power Flow, 30 
Regulator. 

It would be unusual to apply a three phase regulator in 
a system where reverse power flow could occur. If, 
however, the situation does exist: 

1 )  Treat the regulator as a straight design. 

2) Follow procedure of Example 3 for forward power 
flow condition. 

3) Follow procedure of Example 4 for reverse power 
flow condition. 

INSTALLING JUMPERS AT THE 
AUXILIARY CONNECTION 
TERMINAL STRIP 

The Accu/Stat MJ-3A control includes provisions for three 
auxiliary connections. 

Pag� 11 

1 )  Automatic Tapchange Inhibit. The closure of an external 
contact (or shorting) across the AUTO INH terminals will 
prevent automatic (only) operation of the control. This 
represents the highest level of command in the priority 
of automatic operation. 

2) Voltage Reduction Control. The closure of an external 
contact across (or shorting) the VRC termi nals wi l l  
cause the regulator to reduce the output voltage by a 
percentage as described on page 6. The VRC "Remote­
Off-Local" switch must also be set on Remote for this 
function. 

3) Current Transformer Secondary. The nominal 200 rnA 
secondary of the regulator CT is routed through these 
terminals. These terminals are shorted at the factory and 
m u st remain shorted except as they are used to 
accommodate auxiliary apparatus, such as a current 
demand meter. 

A DANGER 
Open CT secondary wi l l  result in h igh  
voltage at CT terminals. 

Deat h ,  severe i nj u ry or damage to 
equipment can occur. 

Do not operate with CT secondary open. 
S hort c i rcu i t  o r  apply b u rden  at CT 
secondary (C2-C) during operation. 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 
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SETTING THE 8 POSITION 

DIP SWITCH 

The Accu/Stat MJ-3A control must know certain details 
concerning the desired operating mode, regulator design, 
and power system arrangements .  This information i s  
programmed into the MJ-3A through the 8 position D I P  
switch located at the lower part of the slot found o n  the right 
side of the control. The functions of each switch are as 

follows: 

Opening Switch 1 advances the current 90 degrees. Set 
closed for all single phase regulators. Set closed on three 
phase regulators with single phase CT. Set open on three 
phase regulators with phase to phase cross connected 
CT's. 

Switches 2 and 3 work together to incorporate a 2% current 
dead band inhibit function (SW2) and to avoid recognition 
of a system power flow reversal (SW3). 

sw sw FPF/RPF RPF 

2 3 DETECTION LIGHT 

C c FPF OFF 

C C RPF ON 

C 0 FPF OFF 

C 0 RPF FLASH 

0 C FPF OFF 

0 C RPF ON 

0 0 FPF OFF 

0 0 RPF FLASH 

I I - �DATNPAK 
RESET BUTTON 

CONTROL RESET BUTTON 
(INCl. DATAIPAK ALERT jt CODE RESET) 

....I( CALIBRATION SWITCH 

o Z ill ill (/J a. 0 o ..J o 

! 8 POS DIP SWITCH i ORIENTATION 

!a:> RIGHT SIDE VIEW 

8 POS DIP SWITCH 

CONTROL RESPONSE 

FPF with 2% current dead 
band inhibit 

RPF with 2% current dead 
band inhibit 

FPF with 2% current dead 
band inhibit 

OFF No automatic operation. 
Tapchanger stationary 
on present tap. 

FPF* Operation at any or 
no current. 

RPF* Operation at any or 
no current. 

FPF* Operation at any or 
no current 

FPF* Disregard RPF sense, 
operation as FPF at 
any or no current. 

*If condition is detected and operation in one of these 
modes begins and then current drops to below 2%, the 
control response will be unchanged until a greater than 2% 
current returns regardless of the apparent di rection of 
power flow. 
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CONF IGURING THE ACCU/STATMJ-3A CONTROL 

With Switch 4 in the closed position, the control panel 
senses true RMS voltage and current. In the open position, 
the control will sense averaged derived RMS values, the 
same as sensed in previous analog controls. Any difference 
in the values is attributable to harmonic distortion. Factory 
set closed. 

Switch 5 should be closed on regulators on wye connected 
systems and should be open on regulators on open delta 
connected systems. 

Switch 6 should be closed on "lagging" regulators on open 
delta systems and open on "leading" regulators on open 
delta systems.* Switch 6 has no effect when Switch 5 is set 
for a wye system. 

'See Appendix II for description of how to determine the "leading" and 

"lagging" regulators on an open delta system. 

"See Appendix VII for additional dip switch settings for closed delta 

installations. 

The relative polarity of the utility (tertiary) winding and the 
current transformer must be established for the MJ-3A. 
Switch 7 shifts the current signal 1800 if open. The correct 
switch setting is established by examination of the utility 
winding diagram and knowledge of the regulator design. 

See Appendix I for a description of how to determine if a given regulator 

is of "straight" or "inverted" design, based upon nameplate information. 

1. For a single phase inverted design regulator, set Switch 
7 closed. 

2. For a single phase straight design or a three-phase 
regulator, refer to the nameplate illustration of the utility 
winding. The winding will appear basically as shown 
below. (The da�hed segment may not be present. UH, if 
present, is on the opposite side of E2 from UL. If UH is 
not present, the opposite side of the winding from E2 is 
always UL regardless of L's numeric value. If E2 is on 
end of winding, there is no UH. Numerically, the subscript 
"H" represents a number higher than the number 
represented by "L". There may be more or less taps than 
shown. UL may be to the right or left of UH). 

For additional discussion on dip switch settings refer to 
Appendix VII. 

Page 13 

The polarity mark will be on UH or E2 or UL 

The following examples are offered to illustrate the 
nomenclature used for the tertiary winding of selected 
straight design regulators. 

Tertiary Winding 
Illustration 

f�O�OOj U4 U3 E2 Us Fig. 2 

Interpretation 

UH not present, L ; 4 
Polarity mark on E2 

H; 5, L; 4 
Polarity mark on UL 

f (J�OO�OO?�O�O I H � 8 L � 6 
E2 U3 U4 

Fig. 3 

Us U6 Polarity mark on UH 

a. If polarity mark is on E2 as in Figure 1 
1) For a single phase straight design regulator or a 

three phase regulator with a single current 
transformer, set Switch 7 closed. 

2) For a three phase regulator with two cross 
connected current transformers, see Appendix VII. 
(Refer to name plate for CT connections). 

b. If polarity mark is on UH as in Fig. 3 and control is 
connected to a tap to the right of E2 
1) Same as in a{1) above 
2) Same as in a(2) above 

c. If polarity mark is on UL as in Figure 2 
1) For a single phase straight design regulator or a 

three phase regulator with a single current 
transformer, set Switch 7 open. 

2) For a three phase regulator with two cross 
connected current transformers, see Appendix VII. 
(Refer to name plate for CT connections). 

d) If polarity mark is on UH as in Figure 3 and control is 
connected to a tap to the left of E2 
1) Same as c(1) above 
2) Same as c(2) above 

Switch 8 is to be closed for straight design single phase 
regulators and for all three-phase regulators. Set this 
switch open for inverted design regulators. www . 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 
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8 POSITION DIP SWITCH SUMMATION 

Switch 

No. Function Open 

90° Current Advance Advance In 

2 low Current Inhibit Automatic 
Operation at 

any or no 
load 

3 RPF Recognition Special 
provisions 
under RPF 

4 Sample Mode ( Voltage Average 
and Current) Derived 

5 WYE/Delta Regulator Delta 
Configuration 

6 30° Delta Regulator Delta Conn. 
Configuration leading 

Regulator 

7 Utility Winding Polarity 

8 Straight/Inverted Inverted 
Regulator 

SETTING DATAIPAK 
CURRENT DISPLAY 

Condition 

Closed 

Advance Out 

No Automatic 
Operation at 

particular 
conditions 

Normal RPF 
Recognition 

True RMS 

WYE 

Delta Conn. 
lagging 

Regulator 

Straight and 
All Three Phase 

(5 Position DIP Switch, if Supplied) 

Controls equipped with DATAJPAK accessory require the 
correct CT ratio input to the control to provide the correct 

current display. This is accomplished by properly setting the 
5 position DIP switch (SW5) located on the auxiliary printed 
circuit board (PCB). Reference figure below. 

Set the 5 position DIP switch in accordance with the 
following table to provide the proper multiplier for the 
current display on DATAJPAK. See nameplate for CT 
primary rating. 

CT Primary Pos Pas Pos Pos Pos 
Rating 1 2 3 4 5 

50 C C C C C 
75 0 C C C C 

100 C 0 C C C 
150 0 0 C C C 
200* C C 0 C C 
250 0 C 0 C C 
300 C 0 0 C C 
350 0 0 0 C C 
400 C C C 0 C 
600 0 C C 0 C 
700 C 0 C 0 C 
800 0 0 C 0 C 

1000 0 C 0 0 C 
1200 C 0 0 0 C 
1400 C C 0 0 C 
2000 0 0 0 0 C 

O=Open C = Closed 

* This setting may be used for direct reading of CT secondary 
current ( in milliamperes). 

VACANT 

I J8 
� 
DATNPAK 
RESET 
SUnON 

r�J . 0", .  
.a: ....... . L�] 

J5 

TO OAT PAK 

TO VlC TO VRC 

J6 I J7 

�, SW3 I2.J DIP 0 [II SWITCHES '" 
I}] JI AUXILIARIES 

TO MJ3A 

RESET 

NOTE It is not 
necessary that 
the operator use 
the auxiliaries 
reset button. 
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CONFIGURI NG THE ACCU/STATMJ-3A CONTROL 

SETTING DATAIPAKINTEGRATION 
TIME FOR VOLTAGE, CURRENT 
AND POWER FACTOR 

Accu/Stat MJ-3A controls will display voltage, current and 
p ower factor as a time integrated readout. The time 
intervals selected can be set independently of each other 
via three 4 position DIP switches (SW6-Volts, SW7-Amps, 
SW8-Power Factor). 

Position 4 on Switches 6, 7, and 8 relates to present 
value parameters on the DATAIPAK. Set closed for 
instantaneous response. Set open for lagged 
response. I f  position 4 is set open, integration periods 
will be that selected by positions 1, 2, and 3. (Factory 
set closed). 

Positions 1, 2, and 3 select the integrating period for 
drag hand parameters (and the present value 
parameters i f  position 4 is set open). 

Demand Period P�S P�S P�S 
(Min.) 1 2 3 

0.25 C C C 
0.50 0 C C 
1.0 C 0 C* 
2.0 0 0 C 
5.0 C C 0 

15.0 0 C 0** 
30.0 C 0 0 
60.0 0 0 0 

* Factory set, SW6, SW8 
** Factory set, SW7 
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SETTING DIGITAL OR ANALOG 
COMMUNICATIONS INTERFACE 

DATA-PAl< 
DRAG HANDS 

RESET 

TO DATA-PAK TQVl.C 

5 6 7 8 9 10 11 12 13 
DIP SWITCHES 

TOVRC 

NC� !;tm }TB102 
SIGNAl GROUND� } TRANSMIT T8101 

RECEIVE 

DIGITAL COMMUNICATIONS IF BOARD 

Digital (serial) communications interface board switch 
settings: 

1. Set dip switches 5,6,7, & 8 per MJ instruction manual 

2. Set SW9 and SW10 to identify this communicating MJ to 
the SCADA system. 

The switches carry weighting as follows: 
SW9 Position SW10 Position 
1 2 3 4  1 2 3 4 

Value = 1 2 4 8 16 32 64 128 

Set switch position open for value, set switch position 
closed for zero 

Example: Unit identification is to be number 27. 
Set open: SW9 pos. 1,2,4, SW10 pos. 1, all 

others closed. 

3. Set SW11 to select data transmission rate: 
Transmission Rate 1 2 3 4 

300 Baud C C C C 
1200 Baud C 0 C C 
9600 Baud 0 C 0 C 

4. Set SW12 to select message format. Note: The selected 
protocol must have been adapted to the SCADA RTU. www . 
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CONFIGUR I NG THE ACCU/STATMJ-3A CONTROL 

Page 16 

SW12 Position 
Message Format 1 2 3 4 
No poll ASCII (present value parameters) C C C C 
Master poll ASCII (present value 

parameters) 0 C C C 
Master poll binary (present value 

parameters) C 0 C C 
Master poll binary (present value plus 

drag hand parameters) 0 0 C C 

Digital  (serial) coml!1unications interface board 
connections 

1. Lines J1, J5, J6 & J7 are connected to the main control 
or accessory items. 

2. Connect TB1 01 for serial communications (no con-
nection if analog adaptor is used). 

*Connect sheath of cable to pin 1 of RS232C at RTU. 
*Connect line shown sig GND to pin 7 of RS232C at RTU. 
*Connect line shown TX to pin 3 of RS232C at RTU. 
*Connect line shown RX to pin 2 of RS232C at RTU. 
Note: Multiple MJ units will have the points of TB101 
connected as shown. 

SHEATH 

"'" J50$ 

im l� 
l� 
J'" 

Hi� 

TO DIGITAL (SERIAl) 
COMMUNICATIONS BOARD J10 

(NOT MAIN BOARD) 

im 
J507 

JSll 

�I� 

"" 

�� 
�m 
J50S 

"" 

l� 
lm 
J50S 

J510 J509 

�IH il: 

"-c:.- CHANNEL 1 - VOLTAGE 
CHANNEL 2 - CURRENT 

ANALOG ADAPTER BOARD 

ANALOG ADAPTOR JUMPER CONNECTIONS 
SETTINGS 

Connect terminal jumpers J501 thru J512 to make analog 
output range as desired. 

Select 
Output 
Current 

Range 

Connect Pins on Jumpers 
501 505 509 For line voltage 

(Channel 1) 
502 506 510 For load current 

(Channel 2) 
503 507 511 For load power factor 

(Channel 3) 
504 508 512 For current demand 

(Channel 4) 

+/- 1 mA 
OTO 1 mA 
4 TO 20 mA 
+/- 20 mA 

Open 1-2 
1-2 2-3 
2-3 2-3 

Open 1-2 

5-6 
5-6 
1-2 
3-4 

Notes: 1. +/- 1 mA and 0 to 1 mA can drive into an 
impedance of 10,000 OHMS max. 

2. 4 to 20 mA and +/- 20 mA can drive into an 
impedance of 500 OHMS max. 

3. Full Scale Ranges: 
*Line voltage (Channel 1) 0 to 256 V RMS 
*Load current (Channel 2) 0 to 1.0 ARMS 

(Scale to line current using regulator 
CT ratio) 

*Load power factor (Channel 3) 0.0 LAG 
(to 1.000 at 1/2 scale) to 0.0 lead 

*Load current demand (Channel 4) 0 to 1.0 
ARMS 
(Scale to line current using regulator 
CT ratio) 

ANALOG ADAPTOR TERMINAL CONNECTIONS 

1. Line J10 is connected to digital (serial) communications 
interface board. 

2. Channel 1 thru Channel 4 terminal connections. 
*Connect terminals labeled + and - as required at the 

SCADARTU. 
*Connect sheath of cable to ground point at the SCADA 

RTU. 

Note: Multiple MJ units will be connected as shown. 
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S ETTI NG THE ACCU/STATMJ-3A CONTROL 

SETTING THE 
BASIC FUNCTIONS 

Accu/Stat MJ-3A control panels perform the basic control 
functions as they are influenced by the desired voltage 
leve l, voltag e bandwidth , t ime delay and l ine drop 
compensation sett ings. Settings are accomplished via 
incremental set points using rotary switches on the face of 
the control. No locking of the knobs is required. 

• Voltage Level - Calibration is in terms of a 1 20 V base, 
or other base voltage as may be noted on the nameplate. 
This is the voltage to which the regulator responds. It will 
be the  vo ltage at the load center when l ine  d rop  
compensation is used. 

• Bandwidth - The displayed value indicates the total 
bandwidth voltage; the bandwidth range is divided 
equally above and below the voltage level setting. Set a 
bandwidth large enough  to assu re that a s ingle 
tapchange cannot cause the output voltage to go through 
the band and small enough to force the regulator to hold 
the desired tolerance on the output voltage. 

• Time Delay - It is not normally desired to respond to 
voltage dips or disturbances of short duration. Set the 
intentional time delay to a duration for which the voltage 
must remain out of band before the control initiates a 
tapchange. 

• Line Drop Compensation - The line drop compensation 
is set to compensate for the line voltage drop between 
the regulator and the load center, usually by holding a 
higher voltage at the regulator output. The increase in 
voltage at the regulator  cau sed by l ine drop 
compensat ion  is a fu nction of the resistance and 
reactance settings of  the control, and the actual line 
current. Knowledge of line current and line impedance 
can be manipulated into the magnitude of the line voltage 
drop. 

There are several methods used to determine line drop 
compensation  settings.  The "Load Center" method is 
probably the most com mon ly  used and most c learly 
i l lustrates the procedure. 

PAGE 17 

1 .  Using knowledge of the distribution feeder and Appendix 
I I I ,  establish the conductor resistance and reactance per 
mile of the feeder. 

EXAMPLE: Conductor 4/0 ACSR, Regular Flat Spacing 
at 24 inches. 

D � 24 x 24 x 48 == 30 inches 

R = 0.592 ohms/mile X = 0.692 ohms/mile 

2. Determine compensation multiplier, k, as 

• Single Phase 

Current Transformer Primary Rating 
k = 2.0 x . 

Voltage Transformer Ratio 

• Wye Connected 

Current Transformer Primary Rating 
k = 1 .0 x . 

Voltage Transformer Ratio 

• Delta Connected 

Current Transformer Primary Rating 
k = 1 .73 x . 

Voltage Transformer Ratio 

EXAMPLE: The regulators involved are 3 - 333 kVA at 
7.2 kV configured in a wye connected three phase bank 

(The C.T. primary for this regulator is 400 A) 

k = 1 .0 
400 

= 6.67 
7200/1 20 

NOTE: Multipliers for many common system voltages 
and regulator ratings are included in Appendix III. 

3. Resistive Compensation Setting = k x line length (mi) 
x resistance (ohms/mi) 

Reactance Compensation Setting = k x line length (mi) 
x reactance (ohms/mi) 

EXAMPLE: The line is 3 miles long. 

Resistance Setting = 6.67 x 3 x .592 = 1 2V 
Reactance Setting = 6.67 x 3 x .692 = 1 4V 

Polarity switches on the MJ-3A control should be set in the 
positive position. 
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S ETT I NG THE ACCU/STATMJ-3A CONTROL 
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SETTING THE 
ACCESSORY FUNCTIONS 

• Voltage Reduction Control - Set the knob to the percent 
voltage reduction desired when activated . Place the 
toggle switch in "Remote" to have activated by external 
means. 

• Voltage Limit Control - Set knobs to the maximum and 
minimum voltages desired to be held at the regulator. 

The maximum voltage might be set to a value of 1 28V to 
assure line drop compensation does not cause an unduly 
high voltage at the regulator. 

The minimum voltage might be set to a value of 1 1 5V to 
assure that implementing a remote voltage reduction does 
not cause an unduly low system voltage. 
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I NSTALLATION AN D PRELIMI NARY CHECKOUT 

INSTALLATION AND 
PRELIMINARY CHECKOUT 

The following steps are recommended to be followed at 
time of the initial installation. Refer to regulator instruction 
manual for placing regulator in service. 

1 )  Be sure the control has been properly configured for the 
regulator application to which it is being applied. See 
pages 8-1 5. 

2) If present, set the voltage reduction control and voltage 
limit control accessories on the OFF position and set the 
DATAIPAK switch o n  volts. Set the EXTERNAL 
SOURCE/NORMAL power switch and the  MANUAL! 
AUTO transfer switch to the OFF position. 

3) Place the MJ-3A control panel on the hinges in the 
enclos u re .  Connect the polarized disconnect plug 
maki ng sure that both wing n uts are tight. Note : I f  
placing the MJ-3A control on an existing regulator which 
uses an older series of control and a voltage l im it 
control, voltage reduction control, or reverse power flow 
detecto r ,  re m ove those accessory i tems prior to 
installing the MJ. 

A WARNING 
Hazardous voltages wi l l  be present on 
various control leads when regulator is  
energized. 

Death, severe personal injury or property 
damage can result from co ntact with 
control l ine conductors. 

By-pass the regu lator and de-energize 
before remOVing accessory items from the 
control box. 

4) With the control physically in place and connected at the 
po larized disco n n ect p lug, set the voltage leve l ,  
bandwidth, t ime delay and l ine drop compensation 
settings to the desired values. See pages 1 7-1 8. 

5) Turn the EXTERNAL SOURCE/NORMAL Power Switch 
to the N ORMAL setti n g .  The control panel is now 
energized . The WATC HDOG light s hould now be 
flashing at a 6 Hz rate. (This will not occur unless the 
voltage present at U2 on the PDS is at least =60 volts) .  

Page;19 

6) The ALERT light may be activated at this time. If it is, set 
the DATAJPAK switch (if present) to ALERT. A code will 
appear. Refer to page 21 for instructions to decipher the 
code. 

7) Verify Manual Operation. Move the transfer switch from 
OFF to MANUAL. Press the spring return transfer switch 
to the TAP RAISE position. The regulator will run in the 
raise direction. After the regulator makes a few tap 
changes, push this transfer switch to the TAP LOWER 
position. The regulator will run in the lower direction. 
Run the regulator to the neutral position and verify that 
the Neutralite™ operates properly. Return the transfer 
switch from the MANUAL position to the OFF position. 

8) The REVERSE POW E R  FLOW lig ht shou ld be 
illuminated only if, in fact, a power reversal condition 
exists. The reverse power flow l ight will flash if the 
MJ-3A control recognizes a system power flow reversal, 
but is instructed by DIP switch setting position 3 to not 
act upon the reverse power flow condition. If the lamp is 
erroneously on or off, most likely DIP switch position 7 is 
set improperly. 

9) Ve rify Automatic Operatio n .  Set the L I N E  D ROP 
COMPENSATION settings to zero. Set the VOLTAGE 
LEVEL SETIING to the voltage read on the DATAJPAK 
present voltage display, if supplied, or to the value read 
with a meter at the external test terminals. The " IN" 
BAND INDICATOR light will now be illuminated. Set the 
transfer switch from "OFF" to "AUTO". I ncrease the 
voltage level setting until the "LOW" band indicator light 
is activated. After the regulator completes the preset 
time delay, the regulator wi l l  automatically raise the 
voltage u nti l  the " IN"  band indicator lig ht is ag ain 
activated. To verify automatic operation in the reverse 
direction, lower the voltage level setting until the "HIGH" 
band indicator light is activated. After the regulator again 
completes the preset t ime delay, the regulator will 
automatical ly lower the voltage unt i l  the " IN"  band 
indicator light is activated. 

Note: If the control will not operate in the automatic 
mode,  check Switch 2 on the 8 position D I P  switch 
located in the slot on the side of the MJ control. If Switch 
2 is closed and the control is being checked out in a 
shop or on a regulator that is not carrying load current, 
there wil l  not be the requ ired min imum 2% current. 
Simply set Switch 2 to the open position to permit the 
control to operate in automatic mode under the low 
current condition. Be sure to set Switch 2 back to the 
closed position after completing the checks if this is the 
desired position for the system. 
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I NSTALLATION AN D PRELIMINARY CH ECKOUT 

Page 20 

1 0) If present, verify VOLTAGE LIMIT CONTROL (VLC). 

Set the upper l imit on the VLC to a value above the 
present voltage being read on the DATAIPAK display. 
Set the lower l imit to a value below that being read. 
Turn the VLC on. Raise the voltage level setting to a 
value above that set on the upper limit of the VLC. After 
the control times out, the regulator will start running in 
the raise direction until the upper limit light on the VLC 
is activated. At this point, the regulator will stop and the 
voltage on the DATAIPAK unit will be slightly less than 
that set on upper limit of the VLC. (Note: Under actual 
line conditions, the output voltage may become higher 
or lower than set on the VLC. When this situation  
occurs, the control will operate the regulator, without 
time delay, to an output voltage between the l imits set 
on the VLC). Now lower the voltage level setting to a 
value below that set on the lower limit setting of the 
VLC. After the control times out, the regulator will begin 
lowering the voltage until the lower l imit light on the 
VLC is activated. At this point, the regulator will stop 
and the voltage on the DATAIPAKwill be slightly higher 
than that set on the lower limit of the VLC. Return the 
voltage level setting to its previous setting and turn the 
VLC off. 

1 1 )  If present, verify VOLTAGE REDUCTION CONTROL 
(VRC). 

Two distinct modes of voltage reduction implementation 
are possible with the MJ-3A. 

1 .  The first operation mode is identical to that of an 
MJ-3, MJ-2A or MJ-1 A. Set the VRC for the desired 
percentage of voltage reduction. Activate and hold 
the VRC (local or remote). The regulator responds 
immediately with a voltage reduction equal to the 
value set on the panel. Release VRC activation after 
at least 3 seconds. The regulator reverts to the main 
panel voltage level setting. 

2. The second operation mode is new with MJ-3A. In 
this mode operation of the VRC is accomplished in 
three steps, each of one-third the percentage voltage 
reduction set on the control. Activate the VRC (local 
o r  remote) with a pu lse of less than 3 seconds 
duration .  The regu lator responds with a voltage 
reduction equal to one-third of the value set on the 
panel. Activate the VRC with a second (and third) 
pu lse each of less than 3 seconds duration. The 
regulator responds with a voltage reduction equal to 
two-thirds (and ful l )  value set on the panel. Activate 
the VRC with a fourth pulse of less than 3 seconds 
duration. The regulator reverts to the main panel 
voltage level  sett i ng .  The VRC l i g h t  rema ins  
i l luminated until VRC is deactivated by  the  fourth 
pulse. 

1 2) When proper operation of the control has been verified, 
reset a l l  control panel adjustments to the desi red 
values. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



US I NG TH E DATAIPAK ALERT COD ES 
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USING THE DATAIPAK 
ALERT COD ES 

If the code were A001 , this would indicate the following bit 
position values: 

B3B2B1 BO B3B2B 1 BO 

1 0 1 0 0 0 0 0 
� � 

Binary "A" Binary "0" 

B3B2B 1 BO 

o 0 0 1 
� 
Binary "1 " 

There are certain conditions of which the operator should 
be aware and which may affect control operation. If the 
cause of such an alert condition prevails, the ALERT light 
on the front of the control will be i l luminated. A code will 
s i m u ltaneous ly  be shown on the DA TAIPAK disp lay 
signaling the cause of the alert condition. 

This indicates input voltage < 64 volts and a faulty voltage 
level switch. 

For example, if the alert code 1 000 appeared, this would 
indicate the following bit position values: 

B3B2B 1 BO 

0 0 0  1 
'-v-' 
Binary "1 " 

B3B2B1 BO 

o 0 0 0 
'-v-' 
Binary "0" 

This indicates current < 2% of CT rating. 

ALERT CODE DEFINITIONS 

I I I I 
I I I I 

I I I 
I I I 

83 82 81 80 83 82 81 BO 83 82 81 80 B3 82 81 Bo 

I X l x l x l x l l x l x l x l x l l x l x l x l x l l x l X I X I X I 

filNARY CODE 83 [82 81 BO 
o 0 0 0 
o 0 0 1  
0 0 1  0 
o 0 1 1 
0 . 1 0 0 
o 1 0 1 
0 1  1 0 
o 1 1 1 
1 0 0 0 

, J e ,O 0 1  1 ,' 0 1 0 
o 1 1 
1 0 0  

(1i;, ii 0 1 ' 
'P:: (1 1 0  
1 ' 1 1 1 

D���I�{f:T 
o 
1 2 
3 
4 
5 
6 
7 
� 9 
A 
8 
C 

jj 
. i t 

F 

I' I' • J T'---------- FAUL TY VOLTAGE LEVEL SWITCH I' 1 J I' t,-------i _ FAULTY TIME DELAY SWITCH 
'--------- FAULTY BANDWIDTH SWITCH 

'---------- FAUL TY "R" COMPENSATION SWITCH 
'-------------- FAULTY "X" COMPENSATION SWITCH 

'------------ FAULTY VRC SELECTOR SWITCH 
'------------- FAUL TY LOWER LIMIT SWITCH ON VLC 

'----------------- FAULTY UPPER LIMIT SWITCH ON VLC 
'------------------ (NOT USED) 

'----------------- FAULTY MICROPROCESSOR PORT #1 
'----------------- FAULTY MICROPROCESSOR PORT #2 

'------------------- lINE CURRENT > 350% OF PRIMARY CT 
'---------------------- UNE CURRENT < 2% OF CT RATING 
'-------------------- INPUT VOLTAGE < 64 VOLTS 
'------------------------ NO. C.T. OR P.T. PHASE INPUT 
'------------------------- (NOT USED) www . 
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CAL I BRAT ION 

Page 22 

CALIBRATION 

The Accu/Stat MJ-3A is calibrated at the factory and will 
normally not ever require subsequent field adjustment. The 
f o l lowi ng  p roced u re may be u sed if, however,  it i s  
determined that calibration i s  necessary. 

1 )  Set the EXTERNAL SOURCE/NORMAL switch to OFF. 

2) Place a jumper between the P and P 1 4  points on the 
terminal strip. This must be the only jumper on the 
sensing transformer tap terminal strip. 

3) Connect a nomi nal 1 20VAC source at EXTERNAL 
source terminals observing proper polarity. 

4) Connect the voltmeter against which the control will be 
calibrated at the voltage test terminals. Determine if the 
voltmeter u sed i s  a t rue rms read ing  m eter  o r  is  
disp laying an rms value calibrated from an average 
voltage sample. 

5) Set position 4 of the 8-position DIP switch to 

"CLOSED" if the reference voltmeter is displaying true 
rms voltage 

or 

"OPEN" if the reference voltmeter is displaying an 
rms va lue  cal i b rated from an average vo ltage 
response. 

6) Set the EXTERNAL SOURCE/NORMAL power switch to 
EXTERNAL SOURCE. The control is now energized. 

If a DATAIPAK accessory is present 

7) Compare the voltage read on DATAIPAK to that on the 
reference voltmeter. 

8) Rotate the calibration switch until the DATAIPAK and the 
reference voltmeter read the same value. The control is 
now calibrated. 

It DATAIPAKaccessory is not present: 

7) Set the VOLTAGE LEVEL SETIING to the voltage level 
read on the reference voltmeter. 

8) When the voltage level setting and meter reading are 
equal ,  the red lamp i n  the r ight hand side slot wi l l  
i l l u m inate. Rotate the cal ib ratio n  switch unt i l  th is  
condition is satisfied. The control is  now calibrated. 

Once completed, be sure to reset the DIP switch, position 
4, it necessary. Reconnect the proper j umpers on the 
sensing transformer tap terminal strip per the information 
on the name plate. 
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TROUBLESHOOTI NG 

TROUBLESHOOTING 

Page 23 

I f  d iff icu lty i s  encou ntered,  the fo l l owing  steps are 
recommended. 

Experience reveals in many cases that presumed faulty 
ope rat ion  of the contro l  is the resu l t  of a s i m p l e  
misunderstanding o r  improper configuring of the control to 
the regulator on which it is used. Also, there have been 
numerous cases reported of (especially) line power factor 
display on DATAIPAK being unbel ievable, but, in fact, 
correct. 

1 )  If possible, substitute another control on the regu lator. 
This will aid in confirming that the particular control is at 
fau lt and that the p rob lem does not reside i n  the 
regulator. 

2) Check the control against the series of symptoms,  
possible causes and remedial actions listed below. The 
l isting is based on d iff iculties which may be easily 
resolved in the field. 

SYMPTOMS 

Unit does not "wake-up" (watchdog 
dark) when power is applied. 

The WATCHDOG stays on continu­
ously. Other panel lights are off. 

Voltage present at U2  (or External 
Source Terminal ) ,  but voltage not 
present at test terminals. 

Control is indicating "Reverse Power 
Flow" on known Forward Power Flow 
Condition. 

3)  Complete the check sheet. Call you r  local Siemens 
representative for advice or i nstructions to cal l the 
factory. 

POSSIBLE CAUSE 

If on Normal Source, faulty fuse F1 . 

If on External Source, faulty fuse F3. 

If on Normal Source, U2 voltage not 
present at PDS. 

The contro l  is in a reset mode ,  
perhaps due  to  excessive moisture 
on the printed circuit board. 

Faulty fuse F1 or F2. 

Sensing transformer j u mpers not 
installed correctly. 

Unit is wired for reverse power flow 
and relay RL Y1 is not present. 

Unit is erroneously sensing reverse 
power flow and is not equipped for 
reverse power flow operation. 

The polar ized d isconnect switch 
(PDS) jack plug is not making proper 
contact at P2. 

DIP switch set incorrectly. 

REMEDIAL ACTION 

Check fuse, replace if necessary. 

Check fuse at bottom of P C B .  
Replace if necessary. 

Tighten PDS wing nuts. Check U2-E 
voltage at PDS. 

Allow the control panel to thoroughly 
dry. Check the integrity of the control 
box for leaks. 

Check fuses, replace if necessary. 

Install jumpers per section, "Installing 
J u m pers at the Sens ing  Trans­
former", page 8. Also see name plate 
for connection of P and P14. 

Install relay RL Y1 in socket at top of 
transformer board. 

Check sett ings  of D I P  switches ,  
especial ly position #7 per  section  
"Setting the 8-position DIP Switch", 
page 1 2. 

Tighten the wing nuts on the PDS. 

Check sett ings of D I P  switches,  
especial ly position #7 per  section 
"Setting the 8-Position DIP Switch", 
page 1 2. www . 
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TROUBLESHOOTI NG 

Page 24 

SYMPTOMS 

O n  open  delta syste m ,  a l i  D I P  
switches set proper ly ,  contro l  
erroneously detects reverse power 
flow -or- on any system load power 
facto r i s  so low that er ro n e o u s  
reverse power flow i s  detected. 

Voltage at Voltmeter Test Terminal  
and DATA IPAKvoits differ. 

The tested time delay is less than the 
delay set on the front panel. 

Contro l  operates reg u l ator i n  
MANUAL Mode. Unit will not operate 
in AUTO mode. 

DATAIPAK present value display is 
not accurately showing known correct 
values. 

DATAIPAK AMPS displays flashing 
8888. 

DATAIPAK D rag Hand d isp lays 
appear to be too high or low to be 
realistic. 

DATAIPAK Drag Hand displays are 
completely erratic. 

POSSIBLE CAUSE 

A severe cond i t ion  of combi ned 
unbalanced phase loading and very 
poor line power factor can make the 
control erroneously sense reverse 
power flow. 

Test terminal meter and DATAIPAK 
volts are not both sensing true rms 
voltage or average derived voltage. 

The MJ-3A contro l  i s  out  of 
calibration. 

There was some a m o u nt of p re­
stored time delay at the start of  the 
test. 

The load current is less than 2% and 
DIP Switch position #2 is closed. 

Positions 4 on DIP switches 6, 7 & 8 
are set O P E N  for a t ime lagged 
response. 

This is programmed response if load 
current exceeds 350% of CT primary 
rating. 

L ine  cond i t ions  are caus i n g  the 
response observed. 

Magnetic coupl ing between control 
l i nes and the M J -3A contro l  i s  
upsetting the display. This may be 
most prevalent when control l ines 
loop close to the circuit board. 

REMEDIAL ACTION 

Preferably correct the system load 
u n balance and low power factor 
condition .  Secondly ,  consider re­
setting of the DIP switch, position 3 to 
have the MJ-3A not act upon the 
power reversal sense. 

Set 8-Position DIP switch, position #4 
for same response as meter used at 
test terminals. See "Setting the 8-
Position DIP Switch", page 1 2. 

Cal i brate the contro l  per sect ion 
"Calibration", page 22. 

Be certa in ,  before starting a t ime 
delay check that the control has been 
"in" band for at least 25% longer than 
the time delay setting. 

Set DIP switch position #2 to open. 
See also sectio n  "Sett ing  the 8-
Posit ion D IP Switch" page 1 2  fo r 
additional detail .  

Set positions 4 on DIP switches 6, 7 
& 8 to CLOS E D  for short-term 
updating. 

Reset display. 

Set the integration response period to 
a longer  t ime d u rat ion to cause 
additional "filtering" of a momentary 
condition. 

Twist the control leads into a bundle 
and secure into the top of the control 
box, behind the jack p lug and away 
from the control circuitry. www . 
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TROUBLESHOOTI NG 

In the event the above checks do not reveal the cause of the problem and it is deemed necessary to call the 
factory, pre-completion of the following check sheet may be beneficial. 

Accu/Stat MJ Control S/N ____ _ 

Used on regulator SIN --____ kVA ______ Voltage ______ _ 

Description of difficulty encountered : 

Measurements: . . . . . . . . . . . . . . . . . . . . . . . .  Voltage at PDS: U2 to E ______ _ 

Voltage at PDS: P2 to E _____ _ 

Voltage at Voltmeter test terminals ______ _ 

List all connections at terminal strips on rear (right side). 

List all DIP switch settings. 

Is RL Y1 present (in socket) at top of transformer board? ______ _ 

List condition of all front panel lights. 

Watchdog ____ ; RPF ____ ; Alert _____ ; High _____ ; In ____ ; Low ____ _ 

List conditions of interface board (rear) lights, if present 

LED1 Watchdog _______ ; LED2 Xmit ______ _ 

List all DATAIPAK readings, if accessory is present. 

Page 25 
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AP P E N D IX I 

Page 26 

DETERMINATION OF "STRAIG HT" 
OR "INVERTED" DESIGN OF A 
STEP-VOLTAGE REG ULATOR 

The efficient design of a step-voltage regulator dictates that 
either of two fundamentally different design criteria will be 
used. It is necessary to know which basic regulator design 

has been used when configuring the Accu/Stat MJ-3A 
control to the regulator. 

CHARACTERISTICS OF A "STRAIGHT" 
DESIGN REGULATOR (ANSI TYPE "A") 

• The 'S' (source) bushing is connected to the tapchanger 
reversing switch and to one end of the shunt (exciting) 
winding. 

• The 'L' (load) bushing is connected via the preventive 
autotransfo rmer  to the moving contacts of the 
tapchanger. 

.... Io(r---- SOURCE >1 
S 

CT 
0.2 

AMPS 

M 

� U3 E2 

LOAD � SL 

Typical Schematic 
Straight Design Regulator 

The designations "straight" and "inverted" are frequently 
used to denote the difference. The important differences 
are discerned by checking the following points against the 
nameplate electrical diagram. 

CHARACTERISTICS OF AN "INVERTED" 
DESIGN REGULATOR (ANSI TYPE "B") 

• The 'S' (source) bushing is connected via the preventive 
autotransformer to the  moving contacts of the 
tapchanger. 

• The 'L' (load) bushing is connected to the tapchanger 
reversing switch and to one end of the shunt (exciting) 
winding. 

....Io(r---- SOURCE .1 
S 

CT E1  
- 0.2 

AMPS 
C3 

LOAD � SL 

Typical Schematic 
Inverted Design Regulator 

• I n  either design ,  additional "balance windings" may be found in series with the 
preventive autotransformer which is typically found between contacts A and B. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



AP P E N D IX I I  

DETERMINATION OF "LEADING" 
AND "LAGG ING" REG ULATORS IN 
AN OPEN DELTA SYSTEM 

The fo l lowing steps w i l l  determ ine  which of the two 
regulators is the "leading" and which is the "lagging" on an 
open delta installation. 

1 .  Set both transfer toggle switches on both Accu/Stat 
MJ-3A controls to OFF. 

2. Temporarily set the 8-position DIP switch, position #5 
C LO S E D  (as wou ld  be correct for use  o n  a wye 
connected system).  The position #6 switch setting is 
immaterial at this pOint. 

3. Assure that there is load current on the line. The load 
current must be of sufficient magnitude to cause a 
definite response of the line drop compensation circuit. 
Normally 25% of the regulator rating will be adequate. 

4. Adjust front panel switches on both Accu/Stat MJ-3A 
controls to the same settings: 

2.0 V 
1 20 V 
1 0  Seconds 
O V  

Page 27 

Bandwidth 
Voltage Level 
Time Delay 
Resistance Volts 
Reactance Volts 1 2V, Polarity = + 

5. Set the toggle switches to NORMAL source and AUTO 
control. 

6. Allow sufficient time for the regulators to run and come 
to rest in band. The regulator nearer the maximum raise 
tap is the "lagging" regulator. The other regulator is the 
"leading" regulator. 

Note: The amount of tapchange excursion can be made 
more or less, if desired, by appropriate adjustment of the 
reactance volts setting . 

7. Readjust the 8-position DIP switch, position #5 to OPEN. 

8. Set the 8-position D I P  switch ,  position #6 on each 
regulator, respectively, 

LAGGING regulator = CLOSED 
LEADING regulator = OPEN 
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AP P EN D I X  I I I  

Page 28 

DETERMINATION OF 
DISTRIBUTION LINE RESISTANCE 
AND REACTANCE 

See page 1 7. 

TABLE I DISTRIBUTION LINE RESISTANCE AND REACTANCE 
OHMS PER CONDUCTOR PER MILE AT 60 Hz 

COPPER - HARD DRAWN ALUMINUM - STEEL REINFORCED 

CON- ILl CON- ILl � (.)  � (.)  
DUCTOR ..: 0 REACTANCe- DUCTOR REACTANCE" ;:: 0 1- 0  

SIZE "" Il'>  D ISTANCE "0" BETWEEN CENTERS OF CONDUCTOR SIZE "" Il'>  DISTANCE "0" BETWEEN CENTERS OF CONDUCTOR - I- ffj !;:  t3 ..: 
MCM a:: 1 8" 24" 3�'' 36" 42" 48" 54" 60" MCM a:: 18" 24" 30" 36" 42" 48" 54" 60" 
1 000 .0685 .449 .484 .51 1 .533 .552 .568 .593 .595 1 272.0 .0851 .421 .456 .483 .505 .524 .540 .555 .567 

750 .0888 .466 .501 .529 .550 .569 .585 .600 .61 2 954.0 .1 1 28 .439 .474 .501 .523 .542 .553 .573 .585 
600 .1 095 .481 .51 6 .543 .565 .584 .600 .615 .627 795.0 .1 373 .450 .485 .512 .534 .553 .569 .584 .596 
500 . 1 303 .492 .527 .554 .576 .595 .61 1  .626 .638 556.5 .1 859 .469 .504 .531 .553 .572 .588 .603 .61 5 
400 .161 9 .507 .542 .569 .591 .610 .626 .641 .653 477.0 .216 .479 .51 4 .541 .563 .582 .598 .61 3  .625 
350 .1 845 .51 5 .550 .577 .599 .61 8 .634 .649 .661 397.5 .259 .490 .525 .555 .574 .593 .609 .624 .636 
300 .21 5 .525 .560 .587 .609 .628 .644 .659 .671 336.4 .306 .500 .535 .562 .534 .603 .619 .634 .646 
250 .257 .536 .571 .598 .620 .639 .655 .670 .682 266.8 .385 .514 .549 .576 .598 .617 .633 .648 .660 

AWG AWG 
4/0 .303 .546 .581 .603 .630 .649 .665 .630 .692 4/0 .592 .630 .665 .692 .714 .733 .749 .764 .776 
3/0 .382 .554 .589 .61 6 .638 .657 .673 .688 .700 3/0 .723 .670 .705 .732 .754 .773 .789 .804 .81 6 
2/0 .481 .581 .616 .643 .665 .684 .700 .71 5 .727 2/0 .895 .690 .725 .752 .774 .793 .809 .824 .836 
1/0 .607 .595 .630 .657 .679 .698 .714 .729 .741 1 /0 1 . 1 2  .705 .740 .767 .789 .808 .824 .839 .851 

1 .757 .609 .644 .671 .693 .71 2 .728 .743 .755 2 1 .69 .71 4 .749 .776 .798 .817 .833 .848 .860 
2 .964 .623 .658 .685 .707 .726 .742 .757 .769 4 2.57 .708 .743 .770 .792 .81 1 .827 .842 .854 
4 1 .5 1 8  .648 .683 .71 0 .732 .751 .767 .782 .794 6 3.98 .722 .757 .784 .806 .825 .841 .856 .868 
6 2.41 .677 .71 2  .739 .761 .780 .796 .81 1 .823 
8 3.80 .71 4 .749 .776 .798 .817 .833 .848 .860 

TABLE II COMPENSATOR MULTIPLIER TABLE 
* 6 0  H e rtz r eacta nce in ohms per m i l e  of each Regulator Operating 

conductor of a si ngle phase, or o f  a three phase, Data See nameplate Circuit Connection Circuit Connection 

symmetrical triangular spacing. For other arrange- Regulator Regu· 
Operating kV lator 

ments of conductors see below. The reactance for and (Voltage, Current Single Delta Wye Single Delta Wye 
other frequencies i f  F/60 times the table value s .  Trans. Ratio) Rating 

Reactance values are for concentric standard copper 19.9 50 .60 .52 .30 5.00 4.33 2.50 
co n d uctors a n d  are approxi mately correct for (166/1 ) 100 1 .20 1.04 .60 7.50 6.49 3.75 

167 2.40 2.08 1 .20 10.00 8.66 5.00 
aluminum cable conductors. 200 2.40 2.08 1 .20 17.50 15.15 8.75 

17.50 15.15 8.75 14.4 50 .83 .72 .42 35.00 30.30 17.50 (1 20/1 ) 100 1 .67 1 .44 .83 35.00 30.30 17.50 200 3.34 2.88 1 .67 35.00 30.30 17.50 300 5.01 4.32 2.49 35.00 30.30 17.50 400 6.68 5.76 2.52 
13.8 50 .87 .75 .44 4.16 100 5.76 4.98 2.88 

(1 15/1) 100 1 .74 1 .50 .87 (34.7/1 ) 150 8.64 7.48 4.32 
150 2.61 2.25 1 .31 200 1 1 .53 9.97 5.76 
200 3.48 3.00 1 .74 250 20.20 17.48 10.10 

334 20.20 17.48 10.10 
7.62 50 1 .57 1.36 .79 500 40.40 34.96 20.20 

(63.5/1 ) 75 2.36 2.04 1 .18  625 40.40 34.96 20.20 
100 3.1 5 2.72 1 .57 668 40.40 34.96 20.20 
150 4.72 4.08 2.36 835 40.40 34.96 20.20 
219 7.87 6.82 3.94 
328 1 2.60 10.90 6.30 
438 12.60 10.90 6.30 2.5 200 20.00 17.30 10.00 
548 12.60 10.90 6.30 (20/1 ) 300 30.00 25.96 1 5.00 

400 40.00 34.60 20.00 
7.2 50 1 .67 1 .44 .83 500 70.00 60.55 35.00 

(60/1 ) 75 2.50 2.16 1 .25 668 70.00 60.55 35.00 
100 3.34 2.89 1 .67 1000 140.00 121 .10 70.00 
150 5.00 4.33 2.50 1250 140.00 121.10 70.00 
219 8.34 7.22 4.1 7 1332 140.00 1 21 .10 70.00 
328 13.33 1 1 .55 6.67 1665 140.00 1 21.10 70.00 
438 13.33 1 1 .55 6.67 

DETERMINATION OF "D" 548 13.33 1 1 .55 6.67 www . 
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APP E N D IX IV  

ACCU/STAT MJ-3AT CONTROL 

An adaptation of the Accu/Stat MJ-3A, the MJ-3AT, is 
specially equipped for use on Load Tapchanging (LTC) 
Transformers. 

The Accu/Stat MJ-3AT is provided complete with auxiliary 
5.010.2A current transformer, CT shorting switch and a 
terminal strip permitting convenient customer use of a 

C.T. SHORTING -------' 
SWITCH 

Page 29 

handcrank interlock and deenerg ization of automatic 
operation upon circuit breaker operation. 

Instruction Manual 21 - 1 1 5527-005 provides additional 
detail. 

----- CURRENT 
TRANSFORMER 

----- TERMINAL 
STRIP 

The Accu/Stat MJ-3AT LTC Transformer Control www . 
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AP P EN D IX V 

Page 30 

CONTROL DIAG RAMS 

A control diagram is prepared for every regu lator which 
may be factory equipped with an Accu/Stat MJ-3A control. 
The two control diagrams included in this control manual 
are i ntended o n ly to be typical and on ly  for general 
reference purposes. The proper control diagram for a given 
regulator, when factory equipped with an MJ-3A control ,  is 
included with the regu lator when shipped. Further, the 
nameplate is stamped with the number of the appropriate 
control diagram to facilitate proper identification and ease of 
replacement of the diagram, if lost or damaged. 

A CAUTION 

Connect ing the Accu/Stat MJ-3A control to a 
particular regulator in accordance with the example 
i l l u strations  attached may resu lt i n  i mproper 
regulator operation. 

Can cause damage to the regu lator or control 
components. 

Use the example diagrams only for i l l ustration 
purposes. Refer to the regulator nameplate for the 
proper control diagram to use with a particu lar 
installation. 
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A P P E N D IX V 

U1 

A 

P2 PDS !�P2,.------..J\J--'�1-+--l<I 
N 

B c o 

U2 

� ____________________________ �����NS�TR· �C� 
! SEE NAHEPLA TE FOR CONNECTION 

OF uz. C2 AND P2 
SI.R6E SlPPRESSOR & FUSE ON (OVER 

T'ERf9W. BLOCK BETWEEN Pm 7 & 1& ! � 

� 
t 16 

REMOVABLE GROlN> Cc:H£CTION FOR 
K J ��� VOLTAGE �). 'tTH". "DPS"' • 

., E POr�
_
���OR 

_____ -< __________ "':. ��:s_ __ _ , , 

! 
i 
1 _______________ _ 

(ONOLCTOR 

" : , PDS ---r - - -- - - -- - , ' 
i [::::::> :012 P2 C2-E -E1 U2 J K IJX) V11 i : 
i lfi-t-j:fi-t-tf-l ! 

: i = = , : �  i If-'r:�� �- ]�:- ;]1 I 
I ! V 0 0 ,07 1 I � 

FOR DETAILED ' i  ""- ./ , ' ili 
��:rs�� MANUAL ! :,!, Ir } �r---g I K 

c< >  i . �  �I : CJ ;j,!!� � i@][QJ[§J' z igi�� :,' ',f 0 0 0 ii' ffi��f5� 
z I-V)�)-!:i " , 

� !!ii� I, I! '"0 ��.. � '0 I I: 3: ����� . � ����ffi I i I I ��I��� I i � f f O�! ! .... >w� � : i I rrrrm i I I l __ �_� ___ � __ � ___ � �____ � __ j I, 
: 1 =.,JrA£ CONtJa.. 1 
"-----------------------------______ 1 NOTES, Q::::>- DISCONNECT JACK PLUG AHJ CONTROL GROUND WHEN MAKING 

(ONTROL PAAEL DELECTRfC TESTS. 

2. VOLTAGE REDUCTION CONTROL. VOLTAGE UMIT CONTROl Af.D 
DA TA-PAJ(. F SUPPLED. 

i 
A B 

-CONFDENTlAI.-
Siemens Energy 

& Automation, Inc. 
POWER COtPOfENTs DMSrlN 

CONTROL 
DIAGRAM 

c 

lEAD CESIGNA TlON COLOR FOR 
AT � BOX REMOTE 

ON COVER CONTROL PANEl. TERH lEAD F SUPPUED 
1 K RED 
2 U11 GRAY 
3 , C3 «2) ORANGE 
5 B 
• E WHITE 
7 E2 
• El VELLOW 
• J1 

10 Kl 
11 U10 BROWN 
12 J BLACK 
13 
U P5 
15 P4 
16 P3 
17 U3 
18 '" 
19 U12 VIOLET 
" U2 GREEN 
" P2 BLUE 
" P12 

• SEE NAHEPLA TE FOR CONNECTION 

AUTO INH--- AUTOMAT I C  TAP CHANGE INHIBIT 
CA --- CAPAC ITOR 
CTM --- HA 1 N CURRENT TRANSFORtIER 
OPR --- DRAG POI NTER RESET SWITCH 
DP5 --- DRAG POI NTER SOLENO ID 
F1 --- POWER FUSE. (4A) 
F2 --- SENSING RJSE. ( O . 4A SlO-8l0 1 
F3 --- EXTERNAL SOURCE POLAR I TY 

PROTECT FUSE . (4A1 
LlS --- LOWER L I M I T  SWITCH 
1111 --- MECHAN ISM HOTOR 
NPt. --- NEU'TRAL POS I T I ON LIGHT 
NP5 --- NEUTRAl POS I T I ON  SWITCH ON 

HECHAN I SJ1  
O C  --- OPERAT ION COUNTER 
OC5 --- OPERAT I ON  COUNTER SWI TCH 
PCB --- PR I NTED C IRCU I T BOAAD 
.POS --- POLAR IZED D I SCONNECT JA.CK PLUG 
RL5 --- RAISE L I M I T  SWITCH 
RLY12.RLY14 - MECHAN I SM HOTOR ACTUAT ION RELAYS 
RLYU -- VOLTAGE SOlRCE NO. 1 AND NO. 2 

SENSE RELAY 
SW12 --- t1ANUAlJAUTO SELECTOR SWITCH 
SW13 --- MANUAL RAI SE/LOWER SELECTOR 

SWITCH 
VR< --- VOLTAGE. REDUCT ION CONTROL 

....... 
SW 

......"." 

MJ-3A STRAIGHT 
o 

USED ON 

.. ... 

Typical Control Diagram Straight Regulator Design 

Page 31 
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AP P E N D IX V 

Page 32 

VI 

A 

VOLTI£TER TEST 1ERI1IW.S 

B ( o 

P2 
U2 

ih a�a 1!I � l!! � .d�l g <l !i! 
e "  

� ______________ -+,_..:S=EE::....:.>lS;;:.TR., �O�\�ACT 

SEE NAHEPLA TE FOR COt-N:CTION OF (2 AND P2 

SURGE SUPPRESSOR & AJSE ON COVER 
TERf'eIW.. BLOCK BETWEEN PINS 7 & 18 � ELECTRlCAL �::u-srx:. ���. 

FOR 

, 
, � 
! 
i � �����OR _____ -< >-_________ ':.���:� __ 

1 _______________ _ , I I' : , POS --..f - - -- - - -- - , I 
i [:::::> !U12 P2 a-e -f1 U2 J K U10 U11 i : 
i lrj--t-pj--t-tr-l I 
: I--L------------------------l I 

LEAD OESIGNA noN 
AT TERl1NAL BOX 

ON COVER 
TERM lEAD 

1 K 
2 U11 
3 , C3 
5 E3 
6 E 
1 E2 
8 E1 
9 J1 

COIOJCTOR 
COlOR FOR 

REMOTE 
CONTROl PANEL IF SIJ'I'UED 

REO 
alAV 

<C2l 0RAN3E 
WItTE 

YELlOW 

0 lLJ l-et: lLJ > 
� 
« 
m 

I -, � 
� , I = = : �  

I i f-l:-;-= [ I] L 
FOR DETALEO 

I i 0 0 =0 ,,0/ Ii 
10 
11 
12 

K1 
UlO BROWN 

J BLACJ< 

OPERATNG INSTR I ! 1__ .-IIJ-Uj iJ SEE INSffiOCT��� 
I ! [�.. 1 

[---g 11 
(!:J ;;l':l!� � : i@]@]@] 1 ! 
z ��i�� !!' I,' 0 0 0 i 'I' ffig��� z O-"'��� , I , : 

� ;!:U 1[0 �
S� 

� 0 ] 1, I, 
--= �ii:�3� , �!I��i i � � � ,�o i ! ..... >Ulg � : I T i DIIIlJ : I L�_� ___ � _ _  o ___ � �____ � __ J :1' 

NOTES, 

........... "'"""'­
I 1. CRUG 

I 
'------------------------------______ 1 

[3::>-IlISCCNECT JACK PLUG All) CONTROL GROUN) WHEN _ 
CONTROl PANEL OELECTRI: TESTS. 

2 VOLTAGE REDUCTION CONTROL. VOLTAGE l.HT CONTROl. A>Il 
aotTA-PAIC F SUPPL.ED. 

-C0hFIlENllAl.-
Siemens Energy 

& Automation. Inc. 
.....,. CDI'OIENTS IM$IlN 

CONTROL i DIAGRAM 
A B .A. c 

13 
14 PS 
15 P4 
16 P3 
fl U3 
18 U4 
19 U12 V1Ol.ET 

· U2 
· P2 BLUE 
· P12 

.. SEE NAMEPLATE FOR CQt.I£CT1ON 
AUTO 1"'-- AUTOMAT I C  TAP 0WIiE I NH I B I T  CA --- CAPAC ITOR 
elM --- HAl N CURRENT TRANSFORI1ER 
0Pft --- DRAG POINTER RESET SWI TCH 
CPS --- DRAG PO I NTER SOLENO I D 
F1 --- POWER FUSE .  CUI 
F2 --- SENS ING AJSE. <0."" SLO-BLO ' 
F3 --- EXTERNAL SOURCE POLM I TY 

PROTECT FUSE. (-'AI 
LLS --- LawER L l K I T  SWITCH 
... --- I1ECHANISl'I MOTOR 
NPL --- NEUTRAL pas I T l ON  LlSiT 
NPS --- NEUTRAL POS I T ION SWITCH ON 

HECHAN I st1  
D C  --- OPERAT I ON  C OUNTER  
DCS --- OPERAT ION C OUNTER  SWITCH 
PCB --- PRI NTED CIRCUIT SOARD 
POS --- POlAR I ZEC 0 I SCCH£CT JACK PLUG RLS --- RAISE L. I H I T  SWITCH 
RLY12.RL.Y1' - MECHAN I SM  HOTOR ACTUAT ION RELAYS 
RLY13 -- VOLTAGE SOURCE NO. 1 AND NO. 2 

SENSE RELAY 
S'oI12 --- MANUAl/AUTO SELECTOR SWI TCH 
S'oI13 --- HANUAl RAISE/L.OWER SELECTOR 

SWITCH 
VRC --- VOL. T AGE REDUCT ION CONTROL 

...... DA'" sw 
.. ,. 

<F 
!Mi NI.  
MJ-3A INVERTED 

0 

Typical Control Diagram Inverted Regulator Design 
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VI 
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AP P E N D IX V I  

SCHEMATICS 

Schematics of circuit boards used in the Accu/Stat MJ-3A 
control are reproduced for reference. The schematics are 
p rovided so that those sk i l l ed in the f ie ld  of d ig ital 
e lectron ics may obtain a g reater appreciat ion of the 
product. The schematics will be of very limited benefit for 
purposes of trouble shooting. While power supplies may be 
checked u s i n g  common ly  avai lab le  e l ectron ic  test 
equipment, the heart of the control ,  the digital portion 
i nc lud ing the m icroprocessor ,  requ i res sophisticated 
equipment and knowledge of the computer software in  
order to  analyze p roblem conditions. I n  fact, random 
probing of the printed circuit board components with 
common test equipment such as a VOM wil l very possibly 
cause component failure. 

PaQe 33 

A CAUTION 
Indiscriminate probing of circuit board components is 
harmful to control. 

Can result in damage to critical board components and 
failure of control. 

Do not attempt to troubleshoot the MJ-3A control at 
the component level. 

Because of the vu lnerabil ity of the components in the 
Accu/Stat MJ-3A controls to damage due to improper 
servicing procedures, it is u rged that repair technicians be 
trained to service the product o r  that the controls be 
returned to the factory for repair. 

An additional MJ-3A Service Manual can be obtained from 
the factory. 
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AP P EN D IX V I  

Page 34 

Front Panel 

J2 
-;:------- ------------- .. -.- ----·----- - 1 

C2 

� E 1  
E 

TEST 
H---e-O ........ ------------t . CHASSIS 

°1 I FLl l I 
! 1 

I I 

I I 
. :; . 0 

::i 

I I ! ; EXT SO�E 
3 

i I � WHT� 0 YEL 

1 -S;12 i o§ <
A

I N2 �3' 4A HI I� H2 '61 � 
i �K ,j, 

SWl 1 

5 

I U 1 2  I � I 181----0 .�- I R63 • ....;:2..=..:OK..:.!. • ....:..5=W ___ ....... -< 
ORAGHANO RESET 
N/O _1- C SW1 4 ��)-----------------�-o 

U 

JP 1 4  U7 0 0  
JP 1 6  JP1 5  

I � I RED 
I <f> ! SLK 

y� 

U6 o n  

I � 
I AUTO JP 1 7  

o n  

J20 l A  3A 

K2 1 

K20 lA 3A 

0 0  

SW1 3 
RAISE 3 

� OFF 
0 O_3 ______ -4�--__ --� 

MAN 1 LOWER 
NOTES: 
1 .  ALL SIGNAL DIODES ARE 1 N41 48 UNLESS OTHERWISE NOTED. 

Printed Circuit Board 
Schematic 01 -40001 5-401 
·AcculStat MJ-3A and 
MJ-3A T Controls 

C 1 3  I O.l}d 
l 00CN 

2. ALL SCHOTTKY DIODES ARE 1 N581 8 UNLESS OTHERWISE NOTED. 
3. ALL RESISTORS ARE .25 WATT, 5% UNLESS OTHERWISE NOTED. 
4. JP18 NOT NORMALLY INSTALLED. 
5. ALL "A" RELAY CONNECTIONS ARE ALTERNATE SOURCE RELAYS. NON "A' 

RELAY CONNECTIONS ARE AROMAT RELAYS. 
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VREC 
TP15 2 . (Ae) 

T . ¥ (+t BR�(-) f TPG T 
J 3 

VAel c:; 2 3 4 5 6 I � I I 7 6 9 10  1 1  1 2  "REeT r!!-� I R<45 lK 
.J; 39 

VRe 11F • 40 e. eJ7
f 

e27 r 1 /4 ,;, � I 37 33 001li 3300""f VAe2
h

?1 

P T  � 23 ;Y (AC) 

TP16 

JP,J 

+5 REF� 
SEE NOTE 4 

JP12 I JP1 ' 

OPTJONAl� 
4 9152�H" llO=,V}oGle �L GIC C14 Xl l J Cl

� 
� 01 1 ' D2' I N<4002 

�.--v r;6P( ��20Pf :5 3K iRJ21 R46 1 'AC1 VflECT .� RELAY T�3 .120 TP11 _ TAP INHI81T 2N2222A �510K �,e31 TK �VAC2 �T 7806 �LM29Jl-5 '" 30 - � CI +5 REF f D�:' , un 2 I U 12 f'o,--� __ +-VLOGIC 30 10M I?o TPl
�
O VLOGIC • .  �n t") 0 ..... f� CJO R47 11£ lN4Q02 

1\0, 1 1 r-::::-:-::-. 2E XTAL EXTAl iT 9 RN13 ' � i§ 0: � U,4 6 � 27K � ---L-[§� :oo - " ' 0':: 
C

1 
±'+C17 �AS/STRA PAO flL- J 3K .,.... ":"" LM139 Ul5;J D.t,uf,¢, � 60", 1 

...... ,.. 33,uf 10K 8 Xl'R"O" 40 LM139 4700 SWl -
'* '* TP4 ':" ;;:: C21 VOO PEJ � YLOGIC 6 ---. 2 oj. MANUAL RESET· 

r., REF I O.lpf 23 
l
P9 �T+; 

LlQ§ 

� . � '"' +--VANALOG 5V REF � .f,  VSS R34 .,. C29 271< ttJ 11 �� �-, ECT 
� ___ ..... _2'1 6 -:- 2 V "'R!Sli 3q 10K Ul � 10,uf R62 /Xl � ± 49.9K.'" � 634 lDK,1 n 
"'e'8 Je19 . � C20 �-C22 RH S 2N2222A � LM124 510K ;:: � 1' CJ3 ,&10,uf 

l
'Ol'f IO.'pf 14 O.'M T O. 1M 21 "� 'fij';f' R36 VLOGIC r 032 0 �O. lpf 

+--'---+--+----+--�VRL � Q15 47K �� .... VRELAY ,;, � V VLOGIC R67 R 7 O.lpf -lR52H 
VANALOG��.,p�Jill}-'r

C T�5 
rr,-�2 

T7!<' 'ToR' � fC35 on . 

T 

T T 

3��� . �,�� 1 3.9K � T 6 'el 9 I '� �'�61 N.'J,.LLLEOl 1 
VREeT � �O.'Pf 

lN�b'o2 Dl�'G\\399 '4

� 
T1

, �OGIC H;�� :: MODB ::: 10 I >-illiilll-f-i 1 ,:-- ,;T AYRT LED12 � ��L T';j3 rp-.T
-. 
-
S
-
OU
-
R
-
C
-
E
---J 

P.T. ZERO CROSS R20 R21 TP2 LfR19h3 MODA RN' 4 
I , WATe DOG lK  .. 5w R54 T RLy\,2�.-__ .. J.9K lOOK V,��·9K PA7 1 :5 14 .......... :5 9K A�:", �.� 

D�S�
C 

;. 2 � 4� 13 R F �g�; 
I
�
"
��'�W 

. J;t2N;:�7A � � 
_ 2'RN11 '3

3'RNT1 '2 1"l."K,0·'''D26 lN4002 ;- T T�67 PA6 I � I v I 3.9K T
,
P' 2 023 

5K,0.5" 5K,o:5l< U15 R22 0'4 � ANO U l  PAS 3 . �·I 5� 12 ' L W LED15 � � Mi:2oTOR RAISE 
P T  MAG LM,24 4700 :f,,:J .. ,'l. 8022 1 � I'" T � -«:'J 4. W A ---

S RN1 1 '� ���D"� PM 4 6 1 1  Jlt. LE016  � 3.9K �2N2907A N4002 VLOGIC R23 6!lK,O.S" -= 5 � 1 7t-. 1o l  �H LED17 � ��� 024 C.T ZERO CROSS 3 9K � pAJ l-(; 'CI � ........91 4  TP�4 MOTO�R LOWER 
-t]!W =� �� · ,3 -.o.,v._;;, 5�� L#'..J l K,.5W 

.--fR:iiiil.-1"L,-\
R�5m6r��"II::o& __ .... I _..rt{ 

01 5  D16 � " 0K LM139 7 1C2 P04 6 1 4002 

1 6  33 
IN 36 22 N 1 9 

VAC1>--- 20 
VAC2)-- 21 

+5
� 9 

n �� 
VR'

�
CT . 1 2 

'3 
VL.

_0Fr:G1C " 15 
.-.- '6 "* L 17 

3 9K k4c R 5 U' 4  J TP7T PD5 47 3.9K 2N2907A D��':: 
' N4002 . 

R2. VRELAY· �� '9 AN2 P03 �5 
° ENABLE 

, 'l.. lR, 
5K,0.5%, P02 43 T.O 

J4 

" ,!! R�N 27 RNI 2 9'..,2 5 1 RN'2 4 POI 
42 R,O 

35 
r� d� .g5� 5� SK,O.S!; SK.D.S% poe 

STRB 
36 

a:!1§:� RN12 VL
;l
OGIC TPB STR8 28 1 

". . .n' 4 0'9 .' P85 ��'=======================jt====·;�RODG:'jiii:=::===j o 2 RNl ,LL RN12 ' 2 9 1 017  �e2 T 1 B  12 2 
r � 5K.ilT.< 5K.0"% -....,� !! T· � ANt PB4 3 lin AnnR". RIT 3 
I� g� 1 1  4700 ± ID :s. PBJ .. 
L'" N 5 'N.8�� � tlCi 1 4  1/0 ADORESS arr 2 

rV� d � 
'" .'pf VANId.OG 0 ::� :: � :���� :�O � 

_ �  2 

VLOGIC 
-=tJY]

r
�
::
iJ-�-+VLOGIC 

, K 
R6, 
1 

» -a 
-a 
m 
z 
o 
-

>< 
< 
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APP EN D IX VI  

Page 36 

NOTES:!) �l NPN TRANSISTORS ARE 2N2222A OTHERWISE SPECIFIED. 
2) t.--- INDICATES NODE TO H. P. TEST FIXTURE . 
3) All SIGNAL DIODES ARE I.I':M148b OTHERWISE SPECIFIED. - 4)All RESISTORS ARE lAW, 5% OTHERWISE SPECIFIED. 
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AP P E N D IX V I 

-@. 

g: I. 

5 12K 
� 

RD ,5 � � � 74HC02 

WR rl�..,......--.-..2j '�II$>',.LUt2� 
PSEN 

1.\- 7' � 

""" 2 � ' f +5VOC 

9 
I 

!J1 IO,� +5'1OC 

� 
\i5' 1 CI '� En 

, 
EA � r-.,SW I �  

748 ,, � 4;. : C2 � 048 Ig; EI �---� I 035 INT EXT. PROG. 
U I  MEM. SEL. 

+ 5VDC 

20PF 
XTAL2� �:T'L I 

�93216 
MHi. XTAL I 

I 17 

T20Pf 
+--- --

l20 

Page 37 

Standard Interface 
Printed Circuit Board 
Schematic 01 -40001 5-406 
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(OPTIONAl..) 
P.T. <6Out:\ea 

I!!IEI-e.eT 
A � � 

I �  � � I � 
d'---�+±J -y---f.---q'. 

27 2� I 

f "  &� .... ., � "'&OV 
100 ...... 

,L 

r 

AUTo I e T,,"P 
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.......,..<; 
Jr---'MoV 1 
.......,..<; """1,.L..JMoV2 
.......,..<; 
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-- I 1 . - 1 
I 1 
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l � .. .. • 
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• 

n 

4 
.
,-� .. 

If: l-!-J I 1 

r - - - -' 
1 l , ' � ! 1«·'" 9.T. 1 1 'OMP. 1 
1 - I 1 
L _ _ _ J" t. 

OPTION .... l-· B  ..... V4 

'lSMOV," 

1:>1 j�''''400t. 

<& 

Po T. ;5.e.Ro GR099/X&O POWKR 
1'4 

I T  

L-!. n n 
• .. 

4- IE � 

.. , 

.. t �1 I n 4 
T &  
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u n  

n ·  ,/, 
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AP P EN D IX VI  

-
J 7  RESE T 3 P 26 1 2  P 27 10 7 P23 

6 P22 
5 P2 1 
4 P 20 

O�?_V� 04 0�7 O�7 7 

8 4 2 I � V RC 
SW I SW 2 • 

1105 I c � U. I I  9 u. 1 104 0 1 3  +:tDC 

1 4  V I 390fl. ISO R I Vee AC GND .L 

1 5  V so 2  390.0. IS R 

C 3  0.10 
j.JF 

4 

U2. 
HCPL -r700Vo 6 

l.lt- 0(+ 

2 le i + 6VDC 
3��2 

10fAF 
�r- IOfAF 

I 
':" 

8 1 1 06 . 
9 PROG 

'---

I1J 
... 
0 
� 
I1J 
a: 

V RC 
REMOTE -
OFF - LOCAL 

+ 6VOC 

� 16 
9 OA Von 

CL Go rOe 
':' 7 3 

14 13 12 II Do 01 02 03 15 
lLl ... ��� 4076 GA � vss 

VRC ENGAGED 

Page 39 

.
6

; 
DC 

2 2 K  

+ 6V DC 

3.9K G I  �- C4 
O.lOfF 2 N2 2 2 2A T ':" 

NOTES : 
I .  ALL DIODES ARE IN4148 's .  
2 .  � AMP GRIGSBY I SWITCH SWITCH 

y � � � �  � � � � �  
3 A L L  RES I S  TORS ARE 1 /4W 590 

Voltage Reduction Control 
Printed Circuit Board 
Schematic 01 -200005-401 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



AP P E N D IX V I  

Page 40 

J6 7 RESET 

5 P24 

I I  
P2 3 

1 0  P22 
9 P2 1 

8 P 20 
+ 6 VOC 

+6VDC 

14 13 12 I I  

SW 3 
VLC 
ON /OFF 

9 Vl>P Do 01 02 0;'ESETI.;i15"....--, .----=-I DA JJ.1. Gs 2 

4 
1 / 0 1  

1 5  1/02 

6 I104 

12  I103 

14 
PROG 

C 

LOWER VLC 

C 
U ..J 
:> 

o 

2�--.--�� + 6VDC 

... C I  
10fF 

NOTES : 
I .  ALL DIODES ARE I N4 1 4 8 . 
2.  

2 C 16 4 I 8 I 2 8 16 4 C 

3 ALL RES IS TOR S A R E  !/4W. 5% 

Voltage Limit Control 

Printed Circuit Board 

Schematic 01 -200005-402 

1° 08 4076 G ... 
CL Go GI Vss 

7 3 4 

C2 

Io.IOjAF 
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BASIC PRINCIPLES FOR SETTING 
CURRENT PHASE SHIFTING DIP 
SWITCHES ON MJ SERIES CONTROLS 
Purpose: 

Electrical apparatus on three phase systems present many 
opportunities for the sensed current and voltage signals, as 
derived from instrument transformers, to shift in 30° incre­
ments relative to each other. Prime examples of this in 
regulators are: 

• The ±30° shift encountered in single phase regulators 
connected in delta. 

• A shift of any multiple of 30° which may exist in a three 
phase regu lator, the angle being dependent on the phase 
connections used individually for voltage and current and 
the polarities of the instrument transformer connections. 

Principle: 

It is necessary, with an MJ control, that the voltage and 
current signals be in phase under the condition of forward 
power flow and unity power factor. If this condition is not 
satisfied, 

• Line drop compensation is not properly calculated in the 
voltage algorithm. 

• The power factor, as displayed on DATAIPAK, is in error 
corresponding to the 30° multiple of error in the phase 
shift. 

10 A shift in the relative phase angle beyond 90° will cause 
the control to erroneously recognize a reverse power flow 
situation. 

Settings: 

Four of the D IP  switch positions (#1 , 5, 6 & 7) act to phase 
shift the current signal as may be required to align it with 
the voltage signal for the reference case of forward power 
flow and 1 .0 power factor. A fifth DIP switch position (#8) 
also enters the consideration, but the presumption must be 
made that it is fi rst set per instructions for a straight or 
inverted regulator design configuration. 

A summary of the switch functions: 

1 .  On a straight design regulator, SW8 = Closed. 
a. SW7 Closed. Current signal shift = 1 80°. 
b. SW7 Open. No current signal shift. 

2. On an inverted design regulator, SW8 = Open. 
a. SW7 Closed. No current signal shift. 
b. SW7 Open. Current signal shift = 1 80°. 

3. For either of the above i l lustrations, if the regulator is 
connected in a delta configuration, a 30° phase shift is 
inherent in the CT and VT signals. This is compensated 
within the MJ control by use of SW5 and SW6. Opening 
SW5 effectively activates SW6. With SW5 open, set 

SW6 = Closed on a "LAGGING" regulator (advance 
current 30°) 

SW6 = Open on a "LEADING" regulator (retard current 
30°) 

See Instruction Manual 21 - 1 1 5527-001 ,  Appendix I I  for 
determination of leading and lagging regulators. 

4. There are numerous VT and CT possibilities on 3-phase 
apparatus, such as 

• VT, line to ground, either polarity 
• VT, line to line, either polarity 
• CT, one phase 
• CT, cross connected between phases 

Particular choices can result in the VT and CT signals 
being at any multiple of 30° relative to each other. 

Consider for example ,  a wye connected secondary 
winding with a CT on a 'A' phase and the VT connected 
line to line, 8 to C phases with polarity of the instrument 
transformer as shown: 

C�..I-:-.-B---�2 

.....-....!.!.....-_____ U2 VT 10 E 

The phasors will appear: 

t IA (C2) 

270tj� V BC (U2) 

The current signal must here be advanced 270° to bring it 
in phase with the voltage. For this example set 

SW8 = Closed (Straight Design) 
SW7 = Closed (Current Shift = 1 80°) 
SW1 = Open (Current Advance = 90°) 
SW5 = Closed www . 
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Note that if the VT polarity had been on "C" phase, only a 
90° phase advance would have been required. Then 

SW8 = Closed (Straight Design) 
SW7 = Open 
SW1 = Open (Current Advance = 90°) 
SW5 = Closed 

3. a. SW5 Closed. No current signal shift. 
b. SW5 Open, SW6 Closed. Current signal advanced 30°. 
c. SW5 Open, SW6 Open. Current signal retarded 30°. 

4. a. SW1 Closed. No current signal shift 
b .  SW1 Open. Current signal advanced 90°. 

Usage: 

The MJ series of controls always monitors the voltage 
signal at the U2 terminal for the purpose of determining the 
relative phase relationship with the current. This is true 
regardless of mode of operation, i.e. FPF/RPF or straight! 
inverted configuration. Consequently, the voltage signal 
used for regulation purposes is often not the same as that 
used for power flow direction determination. 

1 .  Consider the case of a common Siemens straight design 
regulator. 

TERTIARY �UN 
E U2 

• 
�CT 

• 

C2 E 
Some straight designs have the polarity mark on E of the 
tertiary and some (later design) have the polarity on U of 
the tertiary winding. It the polarity mark is on E, C2 and 
U2 become 1 80° out of phase at unity p.f. Forward Power 
Flow. Dip switch settings are therefore: 

SW8 = Closed (Straight Design) 
SW7 = Closed (Current Shift = 1 80°) 
SW5 = Closed 
SW1 = Closed 
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2. For the also common Siemens inverted design regulator. 

® >-I • ?C: 
• 

.TERTIARY +fN 
E U2 C2 E 

Here ,  U2 and C2 are i n  phase at FPF ,  1 .0 p.t .  The 
settings will be 

SW8 = Open (Inverted Design) 
SW7 = Closed (No Current Shift Required) 
SW5 = Closed 
SW1 = Closed 
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