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1 General Description 

The 6ACP3, AC-Input Panel, is a microprocessor based electronic device 
intended to be used as a stand-alone Remote Terminal Unit (RTU) or a 
component within a distributed RTU. It may be installed at an electrical substation 
or on a pole top along a power distribution feeder (when housed in a suitable 
enclosure and adequately powered). The 6ACP3 accepts direct input of 3-phase 
AC voltages and currents (analog inputs), performs mathematical computations 
and generates power-related analog and accumulator values. Two Auxiliary DC 
inputs are also available for monitoring local non-precision quantities such as 
temperature or battery voltage. It also accepts digital inputs from status 
monitoring devices, and provides control outputs through built in relays. 

The 6ACP3 is a printed circuit panel suitable for surface mounting. Its electronic 
circuitry consists of a microprocessor, EPROM memory for program storage, 
RAM for data, and EEPROM for configuration parameter table storage. Customer 
connections are via plug-in, compression type terminal blocks. 

The 6ACP3 operating parameters are software configurable. These parameters 
are stored in non-volatile EEPROM and may be loaded locally or downloaded 
from the host. Parameter configuration is required before the 6ACP3 is placed in 
service. 

1.1 Communications 

Communications with a host processor is half duplex at rates of 1200, 2400, 4800 
or 9600 baud over RS232 or RS485 serial data lines.  Messages are controlled 
by the host processor in a interrogate-reply polling mode. 6ACP3 units can be 
assigned individual addresses, therefore several 6ACP3 units can be party lined 
on the RS-485 communications line. 

1.2 Power 

The 6ACP3 requires approximately 1.0 amp at 10 to 15 VDC power.  An on-board 
DC/DC converter provides isolation and supplies all the required regulated 
voltages. Additional isolation is provided for the serial data lines by optical 
isolators. 

1.3 Analog Point Value Processing 

The 6ACP3 has 3 AC voltage inputs and three AC current inputs. These are high 
impedance, differential inputs that include surge protection. They interface directly 
with line post sensors from various manufacturers or through optional interface 
panels to standard 150-volt potential transformers and 5-ampere current 
transformers. Inputs are not isolated from each other, however they are 
differential. Isolation must be supplied externally if necessary. 
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The 6ACP3 uses sampling techniques to compute electrical analog and 
accumulator values. The rate is 24 samples per cycle. It is configurable for use in 
50 Hz or 60 Hz, wye or delta electric distribution systems. The computed values 
that are available are: 

Analog: 
Phase A (wye) or Phase CA (delta) voltage 
Phase B (wye) or Phase AB (delta) voltage 
Phase C (wye) or Phase BC (delta) voltage 
Phase A current 
Phase B current 
Phase C current 
Watts 
VARs 
Power Factor 

Accumulator: 
+ watt-hours 
- watt-hours 
+ var-hours 
- var-hours 

1.4 Sample Data Capture Buffer 

The 6ACP3 contains a capture buffer, which holds 24 cycles worth of sample 
data for all 6 inputs (3456 values).  The values in the capture buffer are 
constantly updated with every new sample until a freeze occurs.  The buffer is 
frozen under one of the following two field programmable conditions: 

 When all three voltages and all three currents remain below the specified 
thresholds for a configurable number of samples (i.e., pole top 
applications). 

 When all the three currents remain below the specified threshold for a 
configurable number of samples (i.e., substation applications). 

When the buffer is frozen, the 6ACP3 examines the values stored in this buffer 
and computes the maximum, pre-fault, single-cycle current in each phase.  
Contents of the frozen buffer may be uploaded to an external computer for off-line 
engineering analysis. 
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1.5 Control Point Outputs 

The 6ACP3 contains 6 electro-mechanical relays. Each relay provides a set of 
SPDT contacts rated for 10 amps at 24 VDC or 120 VAC.  LEDs are bridged 
across the coils to indicate coil energization.  Controls are actuated by commands 
from the host.  Relays may be used in pairs (trip and close) or individually.  
Energization time is received with each command and can vary from 20 
milliseconds to 4.5 minutes, or relays can be maintained electronically latched. 

The 6ACP3 constantly checks the state of each relay coil to ensure that only the 
relays that are actually commanded are energized.  Redundant circuitry protect 
against single component failures. Relay operations are in a select-check/back 
mode, requiring that two separate but matching commands be received from the 
host to prevent false operations caused by communication line noise or 
interference. 

1.6 Status Indication Point Inputs 

The 6ACP3 contains 8 optically isolated status inputs.  Individual LEDs indicate 
the input states. Contact wetting voltage in the range of from 10 to 30 VDC must 
be supplied from an external source.  The states of these inputs are transmitted 
to the host as individual bits in the message. 

The 6ACP3 maintains a status queue for capturing momentary state changes, 
such as those occurring during breaker reclosures. 

A separate queue is maintained for time-tagged changes that can be used for 
determining sequence of events (SOE). SOE time-tagging resolution is 1 
millisecond. 
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2 Specifications 

2.1 Analog Inputs 

3 AC Voltage, 3 AC Current, 2 DC Aux 

2.2 Input Ranges 

The full-scale inputs can be from 2.5 to 10 volts, selected by plug-in, scaling 
resistor modules. Fault currents up to 20 times full-scale can be measured. 

2.3 Meas. Accuracy 

AC Inputs: ± 0.5% FS for inputs below full scale. ± 5.0% of value for fault currents 
above full scale. Aux. DC Inputs: +/- 1.0% 

2.4 Power Line Frequency 

50 or 60 Hz, wye or delta, software configurable 

2.5 Control Points 

6 relays, each relay is SPDT rated 10 Amps @ 24 VDC or 120 VAC. Control 
duration = 20 msec to 4.5 minutes, or electronically latched. 

2.6 Status Points 

8 optically-coupled. Status wetting voltage = 10 to 30 VDC, externally supplied 

2.7 Communications Protocol 

QUICS 5000 or QUICS 4000, dipswitch selectable. 

2.8 Communications 

RS232 or RS485, jumper selectable 

2.9 Baud Rates (bps) 

1200, 2400, 4800, 9600 bps., switch selectable 



UG-1015 6ACP3 AC Input Panel 

Copyright © 2016 QEI Specifications    5 

2.10 Power Requirements 

+10 to +15 VDC @ 440 mA, plus 60 mA per energized relay 

2.11 Surge Withstand 

Withstands common mode and transverse mode surges per IEEE Spec. No. 
C37.90.1-1989 applied to analog inputs, status inputs, control outputs and RS485 
communication lines. 

2.12 Field Connections 

Via plug-in terminal blocks. Terminal blocks can accommodate up to 12 ga. wire 
or pin terminals. Ribbon cable connectors are available to accommodate optional 
current and voltage interface panels, or the panels may be wired directly to the 
plug-in terminal blocks.  

2.13 Environmental 

Operating Temp. = -4  
Humidity = 95% non-condensing. 

2.14 Dimensions 

10.0 x 12.4 x 1.75 inches 

2.15 Weight 

Approx. 1.8 lb. 
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3 LED Indicators 

There are 19 special function LED's on the 6ACP3 board. Their function is 
described below. 

3.1 LED1 - LED8 

Status LED's. These LED's each correspond to a specific status point. Each LED 
lights when the corresponding status point is keyed. 

3.2 LED9 - LED14 

Relay energization LED's. Each LED lights to indicate that its corresponding relay 
has been energized. 

3.3 LED15 

Reset. This LED lights for a fraction of a second each time the 6ACP3 board 
resets and restarts. Normally, this only occurs when power is turned on. Any other 
time represents abnormal behavior. 

3.4 LED16 

Heartbeat. This LED lights for exactly one-second on and one-second off to 
indicate that the board is functioning. 

3.5 LED17 

Message Received. This LED flashes each time the 6ACP3 receives an error-
free message addressed to it. 

3.6 LED18 

Received Data. This LED lights each time there is a low bit in the received data. 

3.7 LED19 

Transmit Data. This LED lights each time there is a low bit in the transmitted data 
stream. 
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4 Connector Description 

The 6ACP3 board contains six plug-in connectors labeled J1 through J6, and six 
terminal blocks labeled TB1 through TB6. A description of each connector follows 
below. Please see Fig. 7-1 in section 7 (6ACP3 Mechanical Outline) for the 
physical location of each connector: 

4.1 J1 - RS232 Communications 

 RS232 Interface, 25-pin D-type connector. 

 All signals are available with respect to signal common J1-7. These are: 

PIN FUNCTION DESCRIPTION 

J1-2 TXD Data transmitted from the 6ACP3 

J1-3 RXD Data received by the 6ACP3 

J1-4 RTS Request-to-send. This signal goes positive prior to data 
transmission from the 6ACP and remains high until the 
last bit has been sent, at which time the signal goes 
negative.  This signal is used to key a modem and/or a 
radio transmitter. 

J1-7 COM Common connection for RS232 (0 volts). This common is 
isolated from other circuitry. 

J1-8 DCD Data-carrier-detect. This signal can be used by the 
6ACP3 to know that the channel is clear. It is not required 
for normal interrogate-reply messaging. 

J1-20 DTR Data terminal ready.  This output remains high as long as 
power is supplied to the RS232 port, either internally or 
externally.  DTR is not truly RS232 compatible because it 
is not short circuit protected. 

4.2 RS232 Port Power 

PIN FUNCTION DESCRIPTION 

J1-25 +V The driver/receiver interface in the RS232 port is totally 
isolated from all other circuits in the 6ACP3. This feature 
allows the interface to operate at a different potential 
from the 12-volt power input. This case arises in some 
installations having a radio, where the radio is powered 
from a separate battery. When strapped to obtain power 
from the primary 6ACP3 power input (E1 and E2 = IN), 
12VDC is available at J1 pin 25 to power external 
devices such as an RS232-to-fiber-optic converter. The 
strapping can also be set to obtain power from J1 pin 25 
(E1 and E2 = OUT), such as in a radio installation where 
the radio is separately powered. See the preceding 
section about pluggable jumpers for additional 
information. 
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4.3 J2 - Power Input 

 Input Power, 3-pin in-line, Molex connector 

 12-volt power is required at J2.  The 6ACP3 contains power conversion 
circuits on board to generate its internally isolated and regulated voltages. 

PIN FUNCTION DESCRIPTION 

J2-1 +12V Primary power for the 6ACP3 (+10 to 15 VDC @ 440 
mA) 

J2-2 Common Primary power common (0 volts) 

4.4 J3 - Local/Remote Switch Connector 

 Local/Remote, 2-pin in-line, Molex connector. 

 For safety while servicing the 6ACP3, it is desirable to remove relay coil 
voltage so that the relay controls cannot be inadvertently energized. 
Connector J3 accommodates an SPST switch or relay contact to enable 
or disable relay coil voltage. One side of the switch is connected to J3-1 
(unregulated relay coil voltage), and the other side of the switch is 
connected to J3-2 (relay coils). Opening the switch disables voltage to the 
relay coils.  

PIN FUNCTION DESCRIPTION 

J3-1 +UNREG This output contains the relay coil voltage. 

J3-2 RELAYS This input provides the voltage at J3-1 to the relay coils 
via any SPST switch or contact. 

4.5 J4 - Auxiliary +12VDC 

 +12VDC Connector, 4-pin in-line, header  

 This connector provides Auxiliary +12V for powering a 6CMB1modem 
board, or other device. These +12VDC and common connections are 
isolated from the main power circuits on the 6ACP3.  

PIN FUNCTION DESCRIPTION 

J4-1 COM 0 volts 

J4-2 COM 0 volts 

J4-3 + +12 VDC 

J4-4 + +12 VDC 
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4.6 J5 - 6PTP2 Panel Interface (Voltage) 

 6PTP2 Interface, 26-pin connector for flat ribbon cable.  

 This connector mates with 6PTP2 panels through a ribbon cable. 6PTP2 
panels provide an interface between the 6ACP3 and high voltage potential 
transformer inputs. 

PIN FUNCTION DESCRIPTION 

J5-1 SHLD Shield connection 

J5-2 SHLD Shield connection 

J5-5 LO VC Phase VC (VBC) Input LO 

J5-6 LO VC Phase VC (VBC) Input LO 

J5-9 HI VC Phase VC (VBC) Input HI 

J5-10 HI VC Phase VC (VBC) Input HI 

J5-13 LO VB Phase VB (VAB) Input LO 

J5-14 LO VB Phase VB (VAB) Input LO 

J5-17 HI VB Phase VB (VAB) Input HI 

J5-18 HI VB Phase VB (VAB) Input HI 

J5-21 LO VA Phase VA (VCA) Input LO 

J5-22 LO VA Phase VA (VCA) Input LO 

J5-25 HI VA Phase VA (VCA) Input HI 

J5-26 HI VA Phase VA (VCA) Input HI 

4.7 J6 - 6CTP2 Panel Interface (Current) 

 6CTP2 Interface, 26-pin connector for flat ribbon cable.  

 This connector mates with 6CTP2 panels through a ribbon cable. 6CTP2 
panels provide an interface between the 6ACP3 and current transformer 
inputs. 

PIN FUNCTION DESCRIPTION 

J6-1 SHLD Shield connection 

J6-2 SHLD Shield connection 

J6-5 LO IC Phase IC Input LO 

J6-6 LO IC Phase IC Input LO 

J6-9 HI IC Phase IC Input HI 

J6-10 HI IC Phase IC Input HI 

J6-13 LO IB Phase IB Input LO 

J6-14 LO IB Phase IB Input LO 

J6-17 HI IB Phase IB Input HI 

J6-18 HI IB Phase IB Input HI 

J6-21 LO IA Phase IA Input LO 

J6-22 LO IA Phase IA Input LO 

J6-25 HI IA Phase IA Input HI 

J6-26 HI IA Phase IA Input HI 



6ACP3 AC Input Panel                                                                                    UG-1015 

10     Connector Description Copyright © 2016 QEI 

4.8 TB1 - Status Inputs 

 Status interface, 12-pin pluggable-type, 5mm terminal block. 

 Status input connections are made at terminal block TB1 (see Fig. 5-3). 
Field status indication sensors (i.e., contacts) must be able to sink current. 
Open-collector transistor devices may be used to input status. A closed 
contact or turned on transistor results in a logic 1status indication in the 
communication messages. 

 TB1-11 and/or TB1-12 must be connected to the positive side of the 
external contact wetting voltage source, 10 to 30 VDC. Status contacts 
are connected between the negative side of the wetting voltage source 
and respective terminal TB1-1 through TB1-8. 

 Terminals TB1-9 and TB1-10 are connected together and may be used as 
a convenient tie point. 

 Status contacts are connected between the negative side of the wetting 
voltage source and respective input terminal TB1-1 through TB1-8. 

PIN FUNCTION DESCRIPTION 

TB1-1 STAT0 Status Point 0 

TB1-2 STAT1 Status Point 1 

TB1-3 STAT2 Status Point 2 

TB1-4 STAT3 Status Point 3 

TB1-5 STAT4 Status Point 4 

TB1-6 STAT5 Status Point 5 

TB1-7 STAT6 Status Point 6 

TB1-8 STAT7 Status Point 7 

TB1-9 NEG Status wetting voltage source - 

TB1-10 NEG Status wetting voltage source - 

TB1-11 POS Status wetting voltage source + 

TB1-12 POS Status wetting voltage source + 
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4.9 TB2 - Control Outputs 

 Control section, 18-pin pluggable-type, 5mm terminal block. 

 Control output connections are made at terminal block TB2 (see Fig 5-2). 
Each control relay occupies 3 terminals, to provide a form C output.  

PIN FUNCTION DESCRIPTION 

TB2-1 NC RELAY K1 normally closed 

TB2-2 NO RELAY K1 normally open 

TB2-3 COM RELAY K1 common 

TB2-4 NC RELAY K2 normally closed 

TB2-5 NO RELAY K2 normally open 

TB2-6 COM RELAY K2 common 

TB2-7 NC RELAY K3 normally closed 

TB2-8 NO RELAY K3 normally open 

TB2-9 COM RELAY K3 common 

TB2-10 NC RELAY K4 normally closed 

TB2-11 NO RELAY K4 normally open 

TB2-12 COM RELAY K4 common 

TB2-13 NC RELAY K5 normally closed 

TB2-14 NO RELAY K5 normally open 

TB2-15 COM RELAY K5 common 

TB2-16 NC RELAY K6 normally closed 

TB2-17 NO RELAY K6 normally open 

TB2-18 COM RELAY K6 common 
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4.10 TB3 - RS485 Communications 

 RS485 Interface, 8-pin pluggable-type, 5mm terminal block. RS485 lines 
may be bussed to numerous compatible units. 

PIN FUNCTION DESCRIPTION 

TB3-1 SHIELD This is available for connecting the shield of a 
shielded cable. It is not grounded, but it is tied to the 
internal common of the RS485 circuitry. However, 
there is a .0066uF capacitance between this 
common and earth ground (RS485 is optically 
isolated from all other circuits on the 6ACP3). 

TB3-3 SHIELD 

TB3-2 DATA B- These are bi-directional lines where the serial data is 
transmitted and received. The A+ wire will be 
positive with respect to the B- wire when the data is 
a logic 1. 

TB3-4 DATA A+ 

TB3-5 RTSN B- Request-to-send-not, These lines are activated by 
the 6ACP3 when it wants to transmit data. It is used 
to key on a modem or radio transmitter. When the 
signal is TRUE, the A+ wire will be driven negative 
with respect to the B- wire. When this signal is 
FALSE, the driver output will be open circuited. This 
prevents accidental contention. It is necessary for 
there to be a pull up resistor on the A+ wire and a 
pull-down resistor on the B- wire resistor values of 
1K are acceptable. There should only be one set of 
them on the bus, preferably located at the common 
modem/radio interface.   

TB3-7 RTSN A+ 

TB3-6 CDN B- Carrier-detect-not. The modem or radio receiver 
activates this line when any signal is being received, 
including activation of the RTSN line by another 
RS485 device on the same bus. When the signal is 
TRUE, the A+ wire will be driven negative with 
respect to the B- wire by the modem or radio.  

TB3-8 CDN A+ 

4.11 TB4 - AC Voltage Inputs 

 AC voltage inputs, 10-pin pluggable-type, 5mm terminal block. 

 Voltage line post sensors are connected to terminal block TB4 on the 
6ACP3. 

PIN FUNCTION DESCRIPTION 

TB4-1 HI (VA) Phase VA (VCA) HI voltage connection 

TB4-2 LO (VA) Phase VA (VCA) LO voltage connection 

TB4-3 SHLD Shield 

TB4-4 HI (VB) Phase VB (VAB) HI voltage connection 

TB4-5 LO (VB) Phase VB (VAB) LO voltage connection 

TB4-6 SHLD Shield 

TB4-7 HI (VC) Phase VC (VBC) HI voltage connection 

TB4-8 LO (VC) Phase VC (VBC) LO voltage connection 

TB4-9 SHLD Shield 
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TB4-10 SHLD Shield 

4.12 TB5 - Auxiliary DC Voltage Inputs 

 DC aux. inputs, 6-pin pluggable-type, 5mm terminal block.  

 There are two Auxiliary DC inputs. The first is connected to TB5-1 (+) and 
TB5-2 (-). The second is connected to TB5-4 (+) and TB5-5 (-).  

PIN FUNCTION DESCRIPTION 

TB5-1 IN + Aux. DC Input #1 Positive 

TB5-2 IN - Aux. DC Input #1 Negative 

TB5-3 COM Shield #1 

TB5-4 IN + Aux. DC Input #2 Positive 

TB5-5 IN - Aux. DC Input #2 Negative 

TB5-6 COM Shield #2 

4.13 TB6 - AC Current Inputs 

 AC current inputs, 10-pin pluggable-type, 5mm terminal block. 

 Current line post sensors are connected to terminal block TB6 on the 
6ACP3. 

PIN FUNCTION DESCRIPTION 

TB6-1 HI (IA) Phase A current connection HI 

TB6-2 LO (IA) Phase A current connection LO 

TB6-3 SHLD Shield 

TB6-4 HI (IB) Phase B current connection HI 

TB6-5 LO (IB) Phase B current connection LO 

TB6-6 SHLD Shield 

TB6-7 HI (IC) Phase C current connection HI 

TB6-8 LO (IC) Phase C current connection LO 

TB6-9 SHLD Shield 

TB6-
10 

SHLD Shield 

4.14 AC Analog Input Wiring Information  

4.14.1 General Information 

The 6ACP3 is capable of directly accepting analog inputs from a wide variety of 
line voltage and current sensing devices. Voltage sensors are connected to 
terminal block TB4, and current sensors are connected to TB6. 

The full-scale level for each 6ACP3 analog input is configurable from 2.5 to 10 
volts (RMS) via optional scaling resistors. 

If potential and current transformers are used, a Potential Transformer interface 
Panel (6PTP2) for voltage inputs, and a Current Transformer interface Panel 
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(6CTP2) for current inputs are required. Refer to User's Guides UG-1019 and 
UG-1020. 

4.14.2 Definitions 

When discussing wye distribution voltages, the terms Va, Vb and Vc are used to 
identify the 3 phase voltages.  The voltages are measured with respect to neutral 
or the common connection in the wye. 

When discussing delta distribution voltages, the terms Vca, Vab and Vbc are 
used to identify the 3 phase voltages.  The voltages are measured with respect to 
the first subscript letter, thus the voltage Vca means the low side of a meter is 
placed on the phase C wire and the high side of the meter is placed on the phase 
A wire. 

When discussing wye or delta distribution currents, the terms Ia, Ib and Ic are 
used to identify the 3 phase currents.  Current measurements are referenced with 
current flowing from the source towards the load. 

4.14.3 Voltage Input Wiring 

Voltage line post sensors are connected to terminal block TB4 on the 6ACP3. 

In wye distribution systems (refer to figure on page 12), voltage Va is connected 
to TB4-1 and TB4-2.  In delta distribution systems isolation transformers are 
required (refer to figure in page 20), voltage Vca is connected to TB4-1 and TB4-
2. Connections should be made with twisted, shielded wires, and the shield 
should be tied to earth ground at the sensor end. 

The other two voltages are similarly connected at TB4. When making voltage 
connections, proper phase relationship must be maintained. 

All three voltages must have a common Earth reference potential.  This means 
external transformer isolation is mandatory for delta distribution systems. 

The 6ACP3 can compute missing voltages if fewer than 3 line post sensors are 
available. Connect those sensors that do exist to the respective TB4 terminals as 
indicated above.  Proper configuration of the 6ACP3's power parameters is 
essential when these cases arise. 

If potential transformers are used, then a Potential Transformer Interface Panel 

(6PTP2) must be used between the transformers and the 6ACP3. Refer to User 
Guide UG-1019. 

4.14.4 Current Input Wiring 

Current line post sensors are connected to terminal block TB6 on the 6ACP3. 

In both wye and delta distribution systems, IA should be connected to TB6-1 and 
TB6-2. Connections should be made with twisted, shielded wires, and the shield 
should be tied to earth ground at the sensor end. 
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The other two currents are similarly connected at TB3. When making current 
connections, proper phase relationship must be maintained (refer to figures in 
pages 19 and 20). 

All three currents must have a common Earth reference potential.  This means 
external isolation from the actual current carrying conductors is mandatory. 

If there are fewer than 3 currents being connected, such as in cases where the 
6ACP3 is installed on a branch circuit, then simply omit any wiring from the 
respective phase.  However, remember to properly configure the 6ACP3's power 
configuration and cross-multiply parameters. 

If current transformers are used in place of line post sensors for current inputs, 

then a Current Transformer interface Panel (6CTP2) must be used between the 
transformers and the 6ACP3. Refer to User's Guide UG-1020. 

5 Typical Connections 

5.1 Analog Input Wiring Examples 

The following examples (Figs 5-1.1 and 5-1.2) show connection diagrams for wye 
and delta distribution systems. In these drawings, the large transformers 
represent substation equipment; the smaller transformers and resistor dividers 
represent "line post sensors" used externally to transform currents and voltages 
to suitable input levels.  They are marked with dots to show polarity.  A variety of 
sensors exist.  Depending upon which style of sensor is chosen by the utility, the 
phase relationship between voltage and current sensors can be identical or 
shifted by 90 degrees. 

5.2 Wiring in a "Wye" System 
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5.3 Wiring in a "Delta" System 

 

5.4 Control Output Wiring Example 
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5.5 Status Input Wiring 
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5.6 Auxiliary DC Input Wiring 
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6 Interconnecting Cables 

The following is a listing of cables that are available for use with the 6ACP3.  All 
the listed cables, or adapters, may not be needed at a particular installation. 

CABLE PART # FUNCTION FROM TO 

30-058402-XXX Logic Power Cable J2 Power Supply 

40-058403-XXX Logic Power Cable J2 Power Supply 

30-058569-XXX Flat Ribbon Cable J5,J6 6PTP2 or 6CTP2 Panels 

40-057374-XXX RS232 Comm Cable J1 Central Processor Panel 

40-056798-001 6CAP17-1/XX Comm. Cable J1 External Modem or Radio 

10-056800-001 RJ45-to-DB25 Converter J1 One or two RJ45-to-DB25 
adapters may be required. 

Each must be configured for 
the specific application. 

“XXX” indicates cable length. 
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7 Mechanical Outline 
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8 Hardware Configuration 

8.1 General Description 

There are two areas of configuration, hardware and firmware that must be set for 
proper operation of the 6ACP3 panel.  

In hardware, some configuration options (i.e. communications modes, protocols, 
baud rates, etc.) are selected by individual pluggable jumpers or dip switches.  
Analog AC input measurement ranges are scaled, (dependent upon the specific 
line post sensors used), by resistors and capacitors located on plug-in platforms. 
DC inputs are scaled for 0-1 mA, 4-20 mA or 0-5VDC by factory-installed 
resistors. 

Individual pluggable jumpers are designated E1 through E5, while a 4-position 
dipswitch is designated SW1. Plug-in platforms for scaling are designated RCZ1 
(for AC voltage inputs) and RZ7 (for AC current inputs). Resistors R124 and 
R125 scale DC inputs.  See Ordering Information for details about selecting 
options for measurement inputs.  

8.2 Pluggable Jumpers 

JUMPER REF 

DESIGNATION 

 

PURPOSE 

E1, E2 RS232 Port Power. When E1 and E2 are both installed, the RS232 port 
receives its power internally from the 6ACP3 power source.  Also 12-volt 
power output is available at J2-25 to power external interfaces such as 
RS232-to-fiber-optic converters. J2-7 is the common connection (ground). 
When both are omitted, the RS232 port receives its power from an externally 
supplied power source at J2-25 (+) and J2-7 (ground).  The RS232 interface 
requires approximately 20 mA at voltages from 10 to 15 VDC. J2-7 is the 
common connection (ground). 

 E1 E2 RS232 Port Power 

 IN IN Internal and available at J2-25 (+12VDC) and J2-7 
(Common) 

 OUT OUT External, requires 10-15VDC input @20mA at J2-25 
(+12VDC) and J2-7 (Common) 

E3, E4, E5 Communications routing select. These three straps determine 
communication signal routing. There are five modes available which 
provide flexible connection and interface options: 

 E3 E4 E5 Communication Routing Description 

 IN IN IN Normal RS485 Mode. The 6ACP3 communicates via 
the RS485 port. RS232 is not connected. This mode 
is used to communicate between a 6CPPX RTU or a 
6TPX test panel and a 6ACP3. 

 IN IN OUT Normal RS232 Mode. The 6ACP3 communicates via 
the RS232 port. RS485 is not connected. This mode 
is used to communicate between a 6CPPX RTU or a 
6TPX test panel and a 6ACP3. 
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 IN OUT IN Eavesdropping RS485 Mode. This allows 
eavesdropping, or listening into, the data on the 
RS485 line. The 6ACP3 communicates via the 
RS485 port. RS485 receive data is connected to the 
RS232 transmit data, thus an RS232 monitor could 
listen to messages received on the RS485 line. 

 IN OUT OUT Eavesdropping RS232 Mode. This allows 
eavesdropping, or listening into, the data on the 
RS232 line. The 6ACP3 communicates via the 
RS232 port. RS232 receive data is connected to the 
RS485 transmit data, thus an RS485 monitor could 
listen to messages received on the RS232 line. 

 OUT IN IN RS485 Bridge Mode. This allows a host computer, 
communicating over RS485, to talk with the 6ACP3 
and a device connected to the 6ACP3's RS232 port. 
Thus, a modem with an RS485 interface could 
communicate with multiple 6ACP3's and each of the 
6ACP3's could have an independent auxiliary unit 
such as a 6CPPX board (with an RS232 port). 

 OUT IN OUT RS232 Bridge Mode. This allows a host computer, 
communicating over RS232, to talk with a 6ACP3 
and one or more devices connected to the 6ACP3's 
RS485 lines (including other 6ACP3's). For example, 
this can be used when an RS232 radio must drive 
multiple 6ACP3's. 

8.3 Dip Switches 

SW1 is a four-position dipswitch for setting communications parameters.  

DIP SWITCH DESCRIPTION 

SW1-1 These switches control the serial communications.  

SW1-2 Bit rate (or baud rate) 

 Bit Rate SW1-1 SW1-2 

 9600 OFF OFF 

 4800 ON OFF 

 2400 OFF ON 

 1200 ON ON 

SW1-3 This switch is an address override switch. When this switch is in the ON position, 
the 6ACP3 will listen to and respond to any address.  This switch is necessary to 
configure a 6ACP3 for the first time when its address is unknown.  After an initial 
configuration is completed, this switch must be placed in the OFF position so that 
the 6ACP will respond to only its assigned address. 

SW1-4 This switch determines which protocol the 6ACP3 will speak. OFF=QUICS 5000 
Protocol, ON=QUICS 4000 Protocol. 
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 Switches in the example above are set for 9600 baud, address 
override=on, and Quics 5000 protocol. 

 Bit Rate settings are loaded by the 6ACP3 at startup. Changing them after 
reset has no effect. 

8.4 Scaling Resistors 

Depending on the full-scale output of the AC line post sensor, scaling resistors 
(located on plug-in platforms RCZ1 and RZ7) are selected. Depending on the 
auxiliary DC input measurement range needed, various resistors are factory 
installed (see ORDERING INFORMATION). 

8.5 RCZ1 Voltage Input Scaling Platform 

A resistor/capacitor network plugs into RCZ1 to scale the input voltage 
representing the line voltage.  The value of each resistor can be computed using 
the following equation: 

Voltage scaling resistor = 1.693 Megohm / full scale RMS input 

Example: 

5 VRMS full scale voltage 
R = 1.693 Megohm / 5 = 338,600 ohms. 

Use the closest standard value. 

R = 340K 

The value of each capacitor can be computed using the following equation: 

Voltage scaling capacitor = 1 / (9048 x voltage scaling resistor) 

Using the same 5 VRMS example above: 

C = 1 / (9048 x 340,000) = 325 picofarads 

Use the closest standard value. 

C = 330 pf. 
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8.6 RZ7 Current Input Scaling Platform 

Similarly, a resistor network plugs into RZ7 to scale the input voltage representing 
the line current.  The value of each resistor can be computed using the following 
equation: 

Current scaling resistor = 66550 / full scale RMS input 

Example: 

600 ARMS full-scale current is passed through a current transformer and 
into a sampling resistor. 4.125 VRMS is developed across the sampling 
resistor with 600 ARMS flowing through the current transformer's primary. 
 
R = 66550 / 4.125 = 16133.333 ohms. 

Use the closest standard value. 

R = 16.2 K 

8.7 Auxiliary DC Input Scaling Resistors 

Depending on the Auxiliary DC input measurement range needed, the following 
resistors are factory installed (see Ordering Information): 

DC Range Resistors R124 & R125 

0-1 mA 5K .05% .1W 

4-20 mA 250 .05% .1W 

0-5 VDC not installed 
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9 Firmware Configuration 

The 6ACP3 firmware has multiple configuration parameters that are stored in 
EEPROM.  These must be set into the 6ACP3 before it can be used.  These 
parameters are typically loaded in from a 6TP5 Test Panel, but they can be 
downloaded from a host.  The EEPROM has a limited number of write cycles; 
therefore it is recommended that the configuration parameters be loaded only 
when necessary to change their values. 

Special software allows the user to configure the 6ACP3 via the QEI 6TP5 Test 
Panel. 

The name of the software is 6ACP3 CONFIGURATION/COMMAND PROGRAM 

(RAFA3-1), QEI Part No. 80-000042-001.  Refer to QEI's UM-2005 6ACP3 
Configuration/Command Program User's Manual. 

The configuration parameters are itemized below along with a short description 
for each. 

NOTE 
Knowledge of the hexadecimal numbering system is presumed for the following 
descriptions. 

9.1 Address 

Every 6ACP3 requires a unique address to enable the host computer to 
communicate with it exclusively. 

There are 255 possible individual addresses ranging from 01 hex to FF hex. 
Address 0 is reserved for the all-call address that is used when the host wants to 
communicate with all 6ACP3's simultaneously. 

9.2 Power Line Configuration 

This parameter describes the power line configuration and gives information 
describing the sensors connected to the 6ACP3.  It has a hexadecimal value 
determined by which bits are set, as follows: 
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Most significant nibble 

 

2nd most significant nibble 

 

3rd most significant nibble 

 

The physical construction or type of sensor will determine the relative phasing 
between voltage and current sensors. Consult the sensor manufacturer's data 
sheets to obtain this information. 

Least significant nibble 

 

When a 1 is specified for no sensor, then that voltage will be computed from a 
voltage sensor that does exist.  Normally two or none voltage sensors would be 
missing; i.e., either all phases have sensors or there is a single sensor for all 
three lines. 
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9.3 Low Samples for Power Loss 

Loss of power is detected when voltage and/or current are/is below the specified 
threshold(s) for a certain number of samples.  Normally this value should be at 
least one cycle's worth of samples (24 decimal). 

9.4 Loss of Voltage Threshold 

This is the level below which the voltage is considered lost.  It is the absolute 
value of the instantaneous voltage output from the A/D converter. 

There must be at least 3 simultaneous samples above this level  to have power. 
In other words, the peak voltage must exceed this threshold.  If enough samples 
(determined by another configuration variable) are below this threshold, then the 
6ACP3 considers that the voltage is lost. 

The peak of the sine wave for a full scale input is 1966 decimal or 7AE hex.  Thus 
if the loss of voltage were to be set for 60% of full scale (e.g., 90 volts for a 150 
volt full scale range), the threshold would be set to approximately 1180 decimal or 
49C hex. 

9.5 Loss of Current Threshold 

This is the level below which current is considered lost.  It is the absolute value of 
the instantaneous current output from the A/D converter. 

There must be at least 3 simultaneous samples above this level to have power. In 
other words the peak current must exceed this threshold. If enough samples 
(determined by another configuration parameter) are below this threshold, then 
the 6ACP3 considers the current is lost. 

The peak of the sine wave for a full-scale input is 1285 decimal or 505 hex. Thus 
if the loss of current were to be set for 5% of full scale (e.g., 30 amps for a 600-
amp full-scale range), the threshold would be set to approximately 64 decimal or 
40 hex. 

9.6 Watts Cross Multiply Locations 

Watt calculations are based upon multiplying a current sample times a 
corresponding voltage sample. 

At each sampling instant, 3 voltages and 3 currents are measured.  The order in 
which they are measured is: 
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1 Phase A (wye) or Phase CA (delta) voltage 
2 Phase B (wye) or Phase AB (delta) voltage 
3 Phase C (wye) or Phase BC (delta) voltage 
4 Phase A current 
5 Phase B current 
6 Phase C current 

WYE Distribution 

When the voltage and current sensors are in phase with each other, phase A 
current is multiplied times the phase A voltage taken at the same sample instant. 
Since the phase A voltage is measured 3 positions earlier than phase A current, a 
value of -3 decimal (FFFD hex) is entered. Phases B and C are configured 
similarly.  

In the case where the current sensor lags the voltage sensor by 90 degrees, the 
current must be multiplied times a voltage sample taken 90 degrees earlier. 
Because the 6ACP3 samples each input 24 times per cycle and there are 6 
inputs, a value of -39 decimal (FFD9 hex) is entered. -39 is derived from moving 
back 36 samples (6 sample intervals, 1/4 of 24, times 6 measurements in each 
sample interval) and 3 more for the corresponding voltage.) 

In the case where the current sensor leads the voltage sensor by 90 degrees, the 
current must be multiplied by measurements not yet taken. The voltage input lead 
wiring must be reversed as shown in Fig. 5-1A, and then we treat the current 
sensor as though it lags the voltage sensor. As above, -39 is entered.  

A cross-multiply location of 6 has special significance.  It means do not perform 
the cross-multiply operation.  This case occurs when one of the phases is missing 
or for 3-phase delta measurements. 

DELTA Distribution 

When the voltage and current sensors are in phase with each other, phase A 
current is multiplied times the phase CA voltage taken at the same sample 
instant. Since phase CA voltage is measured three positions earlier than than 
phase A current, a value of -3 (FFFD hex) is entered. Phase B current is 
multiplied times phase BC voltage taken at the same sample instant. Phase BC 
voltage is 2 measurements earlier than phase B current so it needs a value of -2 
(FFFE hex). Phase C is the reference phase and is not cross-multiplied; entering 
a value of 6 tells the software not to perform a multiplication for this phase. 

In the case where the current sensor lags the voltage sensor by 90 degrees, the 
current must be multiplied times a voltage sample taken 90 degrees earlier. Since 
the 6ACP3 samples each input 24 times per cycle and there are 6 inputs, a value 
more negative than -36 is entered. For phase A, a value of -39 (FFD9 hex) is 
entered. -39 is derived by moving back 36 samples (6 sample intervals, 1/4 of 24, 
times 6 measurements in each sample interval) and 3 more for the corresponding 
voltage. For phase B, a value of -38 (FFDA hex) is entered, and phase C is still 6 
because no multiplication is required. 
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As in WYE distribution, when the current sensor leads the voltage sensor by 90 
degrees, the voltage input wiring must be reversed as shown in Fig. 5-1B, and the 
sensor treated as though it lags the voltage sensor. 

9.7 VARS Cross Multiply Locations 

VAR calculations are based upon multiplying the current sample times a 
corresponding voltage sample taken 90 degrees earlier. 

At each sampling instant, 3 voltages and 3 currents are measured. The order in 
which they are measured is: 

1 Phase A (wye) or Phase CA (delta) voltage 
2 Phase B (wye) or Phase AB (delta) voltage 
3 Phase C (wye) or Phase BC (delta) voltage 
4 Phase A current 
5 Phase B current 
6 Phase C current 

WYE Distribution 

Normally, when the voltage and current sensors are in phase with each other, the 
phase A current must be multiplied times the phase A voltage sample taken 90 
degrees earlier. Because the 6ACP3 samples each input 24 times per cycle and 
there are 6 inputs, a value of -39 decimal (FFD9 hex) is entered. -39 is derived 
from moving back 36 samples (6 sample intervals, 1/4 of 24, times 6 
measurements in each sample interval) and 3 more for the corresponding 
voltage. Phases B and C are configured similarly. 

In the case where the current sensor lags the voltage sensor by 90 degrees, 
phase A current is multiplied times the phase A voltage taken at the same sample 
instant. Since the voltage is 3 measurements earlier, a value of -3 decimal (FFFD 
hex) is entered. 

In the case where the current sensor leads the voltage sensor by 90 degrees, the 
voltage input lead wiring must be reversed as shown in Fig. 5-1A section 5, and 
the current sensor is treated as though it lags the voltage sensor. As above, -3 is 
entered. 

A cross-multiply parameter value of 6 has special significance. It means do not 
perform the cross-multiply operation. This case occurs when one of the phases is 
missing. 
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DELTA Distribution 

When the voltage and current sensors are in phase with each other, phase A 
current is multiplied times the phase CA voltage taken 90 degrees earlier. 
Because phase CA voltage is 3 measurement positions earlier than phase A 
current, and 90 degrees earlier is 6 sample intervals (36 samples), a value of -39 
(FFD9 hex) is entered. Phase B current is multiplied times phase BC voltage 
taken 90 degrees earlier. Phase BC voltage is 2 measurement positions earlier 
than phase B current so it needs a value of -38 (FFDA hex). Phase C is the 
reference phase and is not cross-multiplied; entering a value of 6 tells the 
software not to perform a multiplication for this phase. 

In the case where the current sensor lags the voltage sensor by 90 degrees, the 
current must be multiplied times a voltage sample taken during the same 
sampling interval. Because voltage CA is measured 3 samples before phase A 
current, a -3 is required. For phase B, a value of -2 is entered, and phase C is still 
6 because no multiplication is required.  

As in WYE distribution, when the current sensor leads the voltage sensor by 90 
degrees, the voltage inputs must be reversed as shown in Fig. 5-1B section 5, 
and the sensor treated as though it lags the voltage sensor. 

9.8 Internal Gain Factors 

Internal gain factor (IGF) is a multiplier that is used to compensate for 
inaccuracies internal to the 6ACP3 (such as normal resistor tolerances).  Internal 
gain may be set to a value between 0.5 to 1.999939. 

To learn how to compute this gain factor, assume an input voltage of 4.5 VRMS 
should read 1842 (732 hex) in the 6ACP3 messages, but actually reads 1828 
(724 hex). To correct this with the internal gain factor, set the IGF to the ratio of 
the desired output to the actual output. 

Desired output = 1842 
Actual output  = 1828 
 
IGF = (desired output/actual output) 
IGF = (1842 / 1828) = 1.0076586 

Hexadecimal values are sent in the messages.  A gain of 0.5 decimal is 
equivalent to 2000 hex and 1.999939 decimal is equivalent to 7FFF hex. To 
obtain the hexadecimal equivalent, multiply the gain by 16384 decimal and 
convert the result to hexadecimal.  For the above example: 
 
IGF = 1.0076586 * 16384 = 16509.479 = 407D hex 
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9.9 External Gain Factors 

External gain factor (EGF) is a multiplier that is used to compensate for 
inaccuracies in devices external to the 6ACP3 (such as turns on a current 
transformer).  External gain may be set to a value between 0.5 to 1.999939. 

To see how to compute this gain factor, assume 3.8 Amps RMS flowing into the 
primary of a current transformer. The secondary of the transformer is loaded with 
a resistor, and the resulting voltage inputted to the 6ACP3. We expect a reading 
of 1885 (75D hex) from the 6ACP3. But the actual indication is 1959 (7A7 hex). 
To correct this with the external gain factor, obtain the ratio of the desired output 
to the actual output. 

Desired output = 1885 
Actual output  = 1959 
 
EGF = (desired output / actual output) 
EGF = (1885 / 1959) = 0.9622256 

Hexadecimal values are sent in the messages.  A gain of .5 decimal is equivalent 
to 2000 hex and 1.999939 decimal is equivalent to 7FFF hex.  To obtain the 
hexadecimal equivalent, multiply the gain by 16384 decimal and convert the 
result to hexadecimal.  For the above example: 
 
EGF = .9622256 * 16384 = 15765.1 = 3D95 hex 

9.10 Clear-to-Send Delay 

The clear-to-send delay value determines how long the 6ACP3 will wait from the 
time that RTS signal is activated until transmission of the first bit begins. A known 
delay is required when communication is via radio or modem. 

Each count represents 1/240 of a second.  Thus 12.5 mS is equivalent to an entry 
of 3. The accuracy is +0 and -1/240 seconds. Thus if a 12.5 mS delay was 
desired, the value entered should be 4, not 3, and the actual delay would be 
between 12.5 and 16.66667 mS. 

9.11 Threshold For Analog Change Detection 

In the 5000 protocol, there is a bit in the flags word of every communication 
response that indicates whether any measured value has changed since the last 
poll for analogs.  This parameter determines how much an analog point value 
must change in order to set the respective flag bit. 

In the QUICS 4000 protocol, this value determines how much change in an 
analog measured value is required to cause an upset. 
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9.12 Sequence-of-Events Mask 

Each bit in the mask indicates whether the respective status bit should be 
examined for sequence-of-events reporting.  Status changes will be reported 
when the mask bit is set to 1, and ignored when the mask bit is 0. 

Mask data is entered as hexadecimal characters, each character representing 4 
status bits as follows: 

 

For example suppose we wanted to include external status bits 5, 4 and 1 and we 
wanted the phase A, B and C power loss bits, then 32E0 hex would be entered 
for the mask. 

9.13 Status Bits Used as Accumulators 

Any of the status bits can be configured as an accumulator. Selecting which bit 
entails setting a 1 into the respective bit position of the configuration word: 

Bit Positions:  7  6  5  4  3  2  1  0 
 
An example is:    0  0  0  0  0  1  0  1   = 05 hex 
where status inputs 0 and 2 are used for accumulators. 

9.14 DC Offsets 

The amplifiers on the 6ACP3 have small offset voltage errors. The effect is to 
bias the measurements by a fixed amount. The DC offset configuration variables 
are used to cancel these errors for the Auxiliary DC inputs (offsets for AC inputs 
are removed dynamically by the software.). 

This calibration should be done when the temperature is 62 to 82 degrees F (17 
to 28 degrees C). 

To calibrate, remove the input source current or voltage so that the expected 
indication is 0. Calibration is a two-step process. First enter 0 and observe the 
indication. Second, multiply that indicated value by .96 to obtain a correction 
value and enter it.  
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For example, 0 is entered and the indication is 31 (1F hex). 
 
Multiply 31 x .96 = 29.76 and round off to 30 
Enter 30 (1E hex) 

In a few cases, such as when the internal and/or external gains are not near 1.00, 
a third step may be necessary. It involves entering a slightly different value that is 
a few counts greater or less than the value entered in step 2. 

9.15 Electrically Latching Relays 

When using the Quics 4000 protocol, relays can be configured as momentary or 
electrically latching.  Electrically latching means that when an off or on command 
is given, the respective relay coil will be de-energized or energized indefinitely. 

The following describes configuration and point identification of the relays on the 
6ACP3 for the QUICS 4000 protocol. 

There are 6 relays on the 6ACP3 numbered 0 through 5 and there are 6 possible 
point identifiers numbered 0 through 5. The correspondence between point 
numbers and relay numbers depends upon which relays are configured as 
electrically latching. 

Relays are configured in pairs.  Each pair may be configured as momentary or as 
electrically latching. 

Pair # Relay # 

0 0 

0 1 

1 2 

1 3 

2 4 

2 5 

When the relay pairs are configured as electrically latching types, a point number 
corresponds to the relay number.  Thus if all pairs are electrically latching, the 
following table applies. 

Point # Pair # Relay # Function 

0 0 0 Electrically latched on or off 

1 0 1 Electrically latched on or off 

2 1 2 Electrically latched on or off 

3 1 3 Electrically latched on or off 

4 2 4 Electrically latched on or off 

5 2 5 Electrically latched on or off 
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When the relay pairs are configured as momentary types, a point number 
corresponds to the pair of relays and the point number assigned is the same as 
the first relay number in the pair.  Thus if all pairs are momentary, the following 
table applies: 

Point # Pair # Relay # Function 

0 0 0 Trip 

0 0 1 Close 

2 1 2 Trip 

2 1 3 Close 

4 2 4 Trip 

4 2 5 Close 

Electrically latching and momentary pairs may be inter-mixed as shown in the 
following example: 

 Point # Pair # Relay # Function 

Electrically 0 0 0 Electrically latched on or off 

Latching 1 0 1 Electrically latched on or off 

Momentary 2 1 2 Trip 

 2 1 3 Close 

Electrically 4 2 4 Electrically latched on or off 

Latching 5 2 5 Electrically latched on or off 

The latching or non-latching configuration of the relay pairs is indicated by a 1 for 
latching and a 0 for non-latching.   
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10 Ordering Information 

Full ordering information includes a panel assembly Part Number and a panel 
assembly Model Designation. 

The panel assembly part number is in the form of 40-057491-XXX where -XXX is 
the number specifying the basic panel assembly (major functional options). 

The Model Designation is a generic alpha-numeric sequence of characters 
specifying configuration options, and is in the form shown below: 

 

Example 
When ordering a 6ACP3-1, 5 VRMS (full scale) Voltage Scaling, and 4.125 
VRMS (full scale) current scaling, with 4-20 mA Auxiliary DC inputs, specify he 
following:  6ACP3-1/2/2/2. 
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10.1 Current Inputs Platform 
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10.2 Voltage Inputs Platform 
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11 Other Related Documentation 
Doc No. Document Name 

Guide No. UG-1019 6PTP2 Potential Transformer Interface Panel User's Guide 

Guide No. UG-1020 6CTP2 Current Transformer Interface Panel User's Guide 

Manual No. TP-801 QUICS 6TP4 and 6TP5 Test Panel Instruction Manual 

Manual No. UM-2003 RAFA1-1 6ACP1/2 Configuration/Command Program User's 
Manual 

Manual No. UM-2007 RPFA1-1 RTU Configuration Program for Support of 6ACP3 
User's Manual 
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12 Hexadecimal/Decimal Conversion 

The following information is included for reference purposes. 

To convert a number in decimal notation to its equivalent in hex notation: 

 Locate the largest decimal value in the table that will fit into the decimal 
number to be converted, and note its hex equivalent in the hex column. 

 Locate the largest decimal value that will fit into the decimal remainder 
from above, note its hex equivalent in the hex column, and place it to the 
right of the hex equivalent from above. 

 Repeat the process until there is no more remainders. 

To convert a number in hex notation to its equivalent in decimal notation: 

 Locate each hex digit in its corresponding column position and note its 
decimal equivalent. 

 


