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1. Introduction

This document describes the external communicapooi®col for the RD-xx family for
customer direct access. These commands are pdolddbe customer as-is with no implied
warranty. The commands provided allow for idené#fion of the connected device, reading
instantaneous and accumulating metrics, gatingt¢eamulating metrics, locking the current
and voltage ranging relays and controlling the Bd&@s functionality.

The commands described in this version of the derrsupports RD-20/21 versions 3.05 and
later, RD-22 version 3.04 and later, and the RDré&sions 6.00 and later. Although it is
Radian’s intention to support these commands wittuture RD-xx products, there is no
guarantee that the interface or commands may ommiaghange in the future.

1.1.RJ-45 Port Pinout (RD-2x family)

Signal Description RJ-45| DB9 Wire Used
Pin Pin Color by
RD-xx
RTS Request To Send 1 7 Blue Yes
DTR Data Terminal Ready | 2 4 Orange Yes
GND | Signal Ground 3 5 Black Yes
TX Data Transmit 4 3 Red Yes
RX Data Receive 5 2 Green Yes
DCD | Data Carrier Detect 6 1 Yellow No
DSR | Data Set Ready 7 6 Brown No
CTS Clear To Send 8 8 White No
RI Ring Indicator N/C 9 Blank No
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1.2. DB-9 Port Pinout (RD-3x family)
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Signal Description DB9 | Used
Pin by
RD-xx
RTS Request To Send 7 Yes
DTR Data Terminal Ready | 4 Yes
GND | Signal Ground 5 Yes
TX Data Transmit 3 Yes
RX Data Receive 2 Yes
DCD | Data Carrier Detect 1 No
DSR | Data Set Ready 6 No
CTS Clear To Send 8 No
RI Ring Indicator 9 No

1.3. Communications Protocol

» Half duplex RS-232

» 57.6k Baud

» 1 start bit, 1 stop bit, no parity
* DTR line high

» After the RD has received a packet, an acknowleadyf#eCK) is transmitted indicating
the status of the packet. The time between thaptof any packet by the RD-xx and
the transmit of an ACK is typically less than 50 ax®l worst-case 225 mS.

» The PC or other controlling device (host) operaethe master and the RD-xx operates

as the slave.

1.4. Packet Format

A basic packet of information is described belot.least four bytes must be transmitted for a
valid packet: Start, Packet Type, and Checksuhe Jength and number of Data bytes is based
on the packet type. For this document a numbengmith an ‘h’ indicates the value is shown

in hex format (i.e. 02h and A6h).
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Start | Packet Type Length Data Checksu
1 byte 1 byte 0 or 2 bytes 0 to 256 bytes 2 bytes
Start A single byte field used as a packet delimiterisMill be used to indicate the

start of a valid packet. The lower four bits wiltlicate the ACK status of the
packet (see below) the upper four bits indicatepthase the packet goes to (the
Device Command Access or DCA).

Packet Type A single byte number representing the commandestgd with the given data.

Length A two byte number equal to the number of Optiees that follow. Not all packet
types require a length field.

Data 0 to 256 bytes of information for use with thelkat Type

Checksum A 16-bit sum of the Start, Packet Type, Length alh@®ata bytes.

1.5. Acknowledgements (ACK) and Device Command Access@3CA):

After receiving a packet from the host, the RD-x# wansmit an ACK indicating the status of
that packet. The ACK code is located in the lofeer bits of the Start byte. The upper four bits
are the DCA.

The different types of ACKs are:

-ACK with no data:
Start Packet Type| Checksum

A3h 1 byte 2 bytes
-ACK with data:
Start Packet Type| Length Data Checksu
A6h 1 byte 2 bytes 0 to 256 bytes 2 bytes
-ACK with delay:
Start Packet Type| Length Data Checksu
ACh 1 byte 2 bytes Delay Time (2 bytes) 2 bytes

Delay Time is the amount of milliseconds after tegponse before the command actually takes
effect. No further commands should be sent tdRBexx until this time has elapsed.

This delay is needed in cases where the DSP mutsbwalower memory devices such as 12C
memory.

-ACK with error:
Start Packet Type| Length Data Checksu
A9h 1 byte 2 bytes Error code (2 bytes) 2 bytes

Title: Customer Access Commands Manual for the RD-xx | Document ID: 944011.A Page 5 of 18
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The different types of DCAs are (shown with ACK hwdata):

DCA Phase

A6h [M] Master (used for Total or Net access)
B6h [A] Phase A

C6h [B] Phase B

D6h [C] Phase C

The packet descriptions given in chapter 2 willvglwehich DCA's are valid for a given packet.
DCA's that are not valid for a given packet areygeout. Examples shown in the descriptions
use a Master DCA but could be A, B, or C DCA fomsopackets. The DCA in the Start byte in
the RD-xx’'s response will be the DCA sent in thenozand.
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Code Error Description
01h Line Error The UART has detected a Framing Bresak
condition.
02h Checksum Error  The transmitted Checksum igqoal to the
calculated checksum.
03h Timeout Error The next byte in the current gaakd not arrive
within the 4 character time period.
04h Invalid Start The first byte of the packet received by the RD w
Byte Error not equal to A6h.
05h Length Error The amount of data transmittddnger than the
receive buffer size in the RD or is greater than th
Length indicated.
06h Invalid Packet | Packet Type transmitted is not listed or supportec
Type by the RD.
07h Invalid Start The Start Address received by the RD does not.e
Address Error
08h Invalid Range | The sum of the Start Address and the Range
Error received by the RD exceeds the size of memory
being accessed.
09h Invalid Data The amount of Data requested from the RD exce
Length Error the size of the communications buffer
OAh Invalid The Starting Address received by the RD is not 0
Boundary Byte | proper word boundary.
Error
0Bh Invalid Device | The device being accessed in the RD does not e
Error
0Ch Device Error The device being accessed in hé&s had an
error.
ODh Receive Register The RD has received more data than it can proce
Overflow in a timely manner.
OEh Invalid Start The RD reported the start delimiter received was
Delimiter valid
OFh Invalid Data The data in the command cannot be processed b
Error RD.

)

Xist

eds

Xist.

SS
no

y the
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10h Internal A error occurred on the internal communications
Communications during RS-232 communications
Error

1.7.Packet Types

The type of packets sent between the host andEhexRare listed below with a brief

-

description.
Code Packet Description
00h | NOP No-Operation
02h | ldentification Retrieve device identificatioatd
03h | Reset RD-xx Reset the programmable devicdwin t
RD-xx (warm boot-up)
07h | Reset Metrics Reset accumulating and min/médricae
data
08h | Start Accumulating Metrics Begin to accumulatgrics
09h | Stop Accumulating Metrics  Stop a timed testanstops the
accumulating metrics
OAh | Start A Timed Begin accumulating metrics data for a tin
Accumulating Test specified by the user in samples
0Bh | Lock/Unlock Relay Ranges Lock/unlock selectelfage and current
relays
0Ch | Trigger Waveform Triggers a waveform capturéhenRD-xx
ODh | Read Instantaneous Metri¢cRetrieve instantaneous metrics data fron
RD-2x format an RD-xx in RD-2x format
OEh | Accumulated Waveform | Read the waveform data from the RD-xXx
Data Read
OFh | Harmonic Data Read Retrieve harmonic metria ttam an
RD-xx
16h | Read Accumulated Metrics Retrieve accumulated metrics data from
RD-2x format RD-xx in RD-2x format
1Bh | Auto-Calibrate Toggle between Full and Pasiato-
Calibration. Measurements are only
available in Partial Auto-Calibration
1Dh | BNC Control Change the functionality of the @fied
BNC port
20h | System Status Retrieve the System Status fierRD-xx
21h | Minimum Metrics Data Retrieve the minimum nedrdata from

an
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Read an RD-xx in RD-2x format

23h Maximum Metrics Data Retrieve the maximum metrics data fromn
Read an RD-xx in RD-2x format

28h | Trigger Harmonic Analysis  Begin harmonic analym either the
voltage or current axis

2Ch | Mode Change

Change between RMS and AVG

2Eh | Read Instantaneous MetricqRetrieve instantaneous metrics data fron

RD-3x format an RD-xx in RD-3x format
2Fh Read Accumulated Metrics Retrieve accumulated metrics data from
RD-3x format RD-xx in RD-3x format

Packet Types (continued)

Code Packet

Description

30h Minimum Metrics Data Retrieve the minimum metrics data fromn

Read an RD-xx in RD-3x format

31h Maximum Metrics Data | Retrieve the maximum metrics data from
Read an RD-xx in RD-3x format

32h | Pulse Output Constant | Change the pulse output constant for a
Change given Accumulating Metric

34h Standard Test

Run a standard test on the Ritkxthe
given parameters

39h Meter Test Run a meter test on the RD-xx wiith t
given parameters

2. Packet Descriptions

2.1.[00h] NOP
Device RS-712 | RD-2x RD-3x
Version Availabilty | 4.13 2.02 6.00
Valid DCAs M | |IM | |[M]JA]B]C]

The NOP packet returns an ACK with no data. Thimmand can be used for RS-232

diagnostics and troubleshooting.

The transmitted packet to the RD has the followorgat:

Start | Packet Type| Length | Checksum

A6h 00h 0000h 00AGh

1 byte 1 byte 2 bytes 2 bytes

With no errors, the response from the RD will be:

an
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Start | Packet Type| Checksum
A3h 00h 00A3h
1 byte 1 byte 2 bytes
2.2.[02h] Identification
Device RS-712| RD-2x RD-3x
Version Availabilty | 4.13 2.02 6.00
Valid DCAs M | |[Mm | |[M[A]B]C]|

The Identification packet returns information abthé connected RD device so that it can be

uniquely identified.

The transmitted packet to the RD has the followorgat:

Start | Packet Type| Length | Checksum
A6h 02h 0000h 00A8h
1 byte 1 byte 2 byteg 2 bytes

With no errors, the response from the RD will be:

Start Packet Type| Length Data Checksum

A6h 02h xxxxh Model Number, Serial Number, xxxxh
Name, Version Number

1 byte 1 byte 2 bytes 45 bytes 2 byteg

The data returned from the RD-xx contains the madeiber, serial number, name and version
number in ASCII with a comma delimiting each fielBor example a response of “RD-21-472,
801234, Testing, 01.23.45” indicates the deviansodel RD-21-472, the serial number is
801234, the device name is “Testing” and the softwarsion is 01.23.45. The bytes in the

Data field can contain NULL characters.
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2.3.]03h] Reset RD-xx

Device RS-712 | RD-2x RD-3x
Version Availabilty | 4.13 2.02 6.00
Valid DCAs M | |Im | |[IMJA]B]C]

A Reset Metrics packet commands the RD-xx devigeitotialize all programmable devices
and restart.

The transmitted packet to the RD has the followorgat:

Start | Packet Type| Length | Checksum
Abh 03h 0000h 00A9h
1 byte 1 byte 2 bytes 2 bytes

With no errors, the response from the RD will be:

Start | Packet Type | Length | Data Checksum
ACh 03h 0002h 1194h | 0156h
1 byte | 1 byte 2 bytes| 2bytes 2 bytes

Title: Customer Access Commands Manual for the RD-xx | Document ID: 944011.A] Page 11 of
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2.4.]07h] Reset Metrics
Device RS-712| RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs M | |IM | |[M]JA]B]C]

A Reset Metrics packet commands the RD-xx deviaddar the accumulating metrics registers

and reset the minimum and maximum instantaneousasneblue.

The transmitted packet to the RD has the followorgat:

Start | Packet Type| Length Data Checksu
A6h 07h 0001h Reset Code 00CDH
1 byte 1 byte 2 bytes 1 byte 2 byteg

D

Assuming no errors, the response from the RD weill b

Start Packet Type| Checksum

A3h 07h 00AAN

1 byte 1 byte 2 bytes
Reset Code Description
01h Reset Waveform buffer to all zeros
02h Reset Instantaneous Data
04h Reset Instantaneous Min Data
08h Reset Instantaneous Max Data
10h Reset Accumulating Data

Any combination of these bits may be sent at amg tiluring the normal operation of the RD-xx.
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If a DCA with a Master access is sent, all meticall phases are reset. If an RD-device does
not suuport

a Reset Code (i.e. RS-712 does not have Min, Ma&coum Metrics), the RD-device will
respond with an ack with error, INVALID DATA ERROR

2.5.]08h] Start Accumulating Metrics

Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs M | |[M | |[M|[A]B]|C|

The Start Accumulating Metrics commands the RDiaot $he accumulators in one of 3 ways.
The “Control Byte” field is used to define which thed of gating to use.

The transmitted packet to the RD has the followorgat:

Start | Packet Type | Length Data Checksu
A6h 08h 0003h | Control Byte Pulse Data XxXxxh
1 byte 1 byte 2 bytes 1 byte 2 bytes 2 bytes

The response from the RD-xx depends on the CoByta sent:

Control Response

Byte

00h Control Byte Status | ACK_DATA Returns the current status of the Control
Request Byte in the device.

01h Normal Gate Start ACK_NODATAThe RD-xx shall immediately start
accumulating metric data.

06h Meter Gate ACK_DATA Responds with the total number of pulses
Pulse Data =0 left in the currently running test (MSB
first).
06h Meter Gate Manual | ACK_NODATA | Resets and begins accumulating metrics jon
Mode the next pulse received and stop
Pulse Data < >0 accumulating <Pulse Data> pulses later.
OEh Meter Gate Sensor | ACK_NODATA | Same as 06h but the RD-xx gating is in
mode “sensor” mode instead of “manual” mode

Title: Customer Access Commands Manual for the RD-xx | Document ID: 944011.A] Page 13 of
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| Pulse Data<>0 | \ |

For example:
To start the accumulators immediately: send thensand A6 08 0003 01 0000 00B2.

To start the accumulators on the next BNC 1 gaiatiand run for 5 gates: send A6 08
0003 06 0005 00BC.

To get the number of remaining gates: send A6 @3 @& 0000 00B?7.

Start Accumulating Metrics (continued)

The response for the Normal Gate Start and Metéz ®dh nonzero Pulse Data:

Start | Packet Type| Checksum
A3h 08h 00ABh
1 byte 1 byte 2 bytes

The response for the Control Byte Status Request:

Start | Packet Type| Length Data Checksu

A6h 08h 0001h Control Byte Status XXXXh

1 byte 1 byte 2 bytes 1 byte 2 bytes
The response for the Meter Gate with Pulse Dataldgquwero case:

Start Packet Type| Length Data Checksu

A6h 08h 0002h Pulses Left in Test XXXxh

1 byte 1 byte 2 byteg 2 bytes 2 bytes

In Release 05.00.08 and 06.00.70 and later:

If a command with a Normal Gate Start is sentRBexx will turn off the external gate input
until either a Reset Metrics [07h] or a Stop Acclating Metrics [09h] command is sent or the
unit is powered off then back on.

If a command with a Sensor Meter Test Start is,2hatRD-xx will allow the external gate input
to be active only for the number of pulses senti{@Pulse Data field) with the command.
Other pulses after this will be ignored by the RD-x
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Accumulating Metrics [09h] command is sent or tihé is powered off then back on.

If a command with a Manual Meter Test Start is sér@ RD-xx will allow the external gate
input to be active only for two pulses, start acalating and stop accumulating. Other pulses

after this will be ignored by the RD-xx.

The RD-xx will reactivate the external gate inpfieaeither a Reset Metrics [07h] or a Stop

Accumulating Metrics [09h] command is sent or tihé is powered off then back on.

2.6.]09h] Stop Accumulating Metrics

Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs M | |[Mm | |[M|[A]B]|C|

The Stop Gating Accumulating Metrics will immedisgtstop the accumulators.

The transmitted packet to the RD has the followorgat:

Start Packet Type| Length | Checksum
A6h 09h 0000h 00AFh
1 byte 1 byte 2 byteg 2 bytes

Assuming no errors, the response from the RD weill b

Start | Packet Type| Checksum
A3h 09h 00ACh
1 byte 1 byte 2 bytes
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2.7.[0Ah] Start a Timed Accumulating Test

Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs M | |IM | |IM]IA]B]|C]

This command allows the RD to run a test a spelgfigth of time.

The transmitted packet to the RD has the followorgat:

Start | Packet Type| Length Data Checksu
A6h O0Ah 0004h Test Time (in samples) XXXxh
1 byte 1 byte 2 byteg 4 bytes 2 bytes

The Test Time is in number of A/D samples. In &.Rleor earlier unit, 23788.546 samples is
approximately 1 second. In a Rev. 5 or later, #f119.225 samples is approximately 1
second. Setting the Test Time to a non-zero nunvblestart the test immediately and run for
the specified number of samples. Setting the Tiese to zero will return the amount of time
left in the current test. If the return time is@éhen the test (and accumulators) has stopped.

If the Test Time within the DATA section were a rRogro number, the response from the RD
would be:

If the Test Time within the DATA section were eqtmakero, the response from the RD would

be:

Start | Packet Type| Checksum
A3h O0Ah 00ADh
1 byte 1 byte 2 bytes

\"ZJ

Start | Packet Type| Length Data Checksu
A6h OAh 0004h Test Time Left (in samples) XXxXxh
1 byte 1 byte 2 byteg 4 bytes 2 bytes
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The RD-xx will deactivate it's external gate inglutring a timed accumulation. The RD-xx will
reactivate the external gate input after eitheeadgR Metrics [07h] or a Stop Accumulating
Metrics [09h] command is sent or the unit is powlerf then back on.

2.8.[0Bh] Lock/unlock relay ranges

Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs M | |[[Mm | |[M][]A]B]C]

Locking relays has the effect of limiting the RD-d&vice from lowering the relay ranges. For
protection of the device, the relays will still gento higher tap levels to keep from damaging the
sensitive circuitry in the device. The accuracyhaf measurement will be degraded for lower
voltages and currents while locked to the highlEyreanges.

The transmitted packet to the RD has the followorgat:

Start | Packet Type Length Data Checksu
A6h 0Bh 0003h Control Byte Relay Bits XXxxh
1 byte 1 byte 2 bytes 1 byte 2 bytes 2 bytes
Assuming no errors, the response from an RD-2x lveill
Start | Packet Type Length Data Checksu
A6h 0Bh 0003h Control Byte Relay Bits XXXxh
1 byte 1 byte 2 bytes 1 byte 2 bytes 2 bytes
The response from an RD-3x will be:
Start | Packet | Length Data Check
Type sum
A6h 0Bh 0009h | contro| relay | control| relay | control| relay | xxxxh
byte A | bits A | byte B| bits B | byte C| bits C
1 byte | 1 byte 2 byteg 1 byte 2| 1 byte 2 1 byte 2 2
bytes bytes bytes | bytes
Control Byte bits 0, 1, 2 used for control of vgkearelays
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Value Action

00h  Return status of voltage relays only (do noi)
04h  Unlock voltage relays

06h  Lock voltage relays at current setting

07h  Set and lock voltage relays

Control Byte bits 4, 5, 6 used for control of curreslays
Value Action

00h  Return status of current relays only (do noitreo)
40h  Unlock current relays

60h  Lock current relays at current setting

70h  Set and lock current relays
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Lock/unlock relay ranges (continued)

Control Byte bits 3 and 7 used for control of clamprelay
Value Action
00h  Return status of current relays only (do noitd)
08h  Activate clamp disable relay
80h  Activate clamp enable relay
88h  Activate clamp enable and disable relays

Control Byte Response from the RD-xx
00h  Neither voltage nor current relays locked
02h  Voltage relay locked
20h  Current relay locked
22h  Both voltage and current relays locked

Relay Bits
CURRENT TAPS
200A and 120A Models:
0000h all current relays open
0808h Minimum Spec - 0.0328A  Range

4008h 0.0320A - 0.0656A Range
1008h 0.0640A - 0.1312A Range
8008h 0.1280A - 0.2624A Range
2008h 0.2560A - 0.5248A Range
8010h 0.5120A - 1.0496A Range
2010h 1.0240A - 2.0992A Range
8020h 2.0480A - 4.1984A Range
2020h 4.0960A - 8.3968A Range
8040h 8.1920A - 16.7936A Range
2040h 16.3840A - 33.5872A Range
8080h 32.7680A - 67.1744A Range
2080h 65.5360A - 200A Range
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Lock/unlock relay ranges (continued)

CURRENT TAPS

225A Models:

0000h all current relays open

0808h Minimum Spec - 0.0349A Range

4008h 0.0340A - 0.0697A Range
1008h 0.0680A - 0.1394A Range
8008h 0.1360A - 0.2788A Range
2008h 0.2720A - 0.5576A Range
8010h 0.5440A - 1.1152A Range
2010h 1.0880A - 2.2304A Range
8020h 2.1760A - 4.4608A Range
2020h 4.3520A - 8.9216A Range
8040h 8.7040A - 17.8432A Range
2040h 17.4080A - 35.6864A Range
8080h 34.8160A - 71.3728A Range
2080h 69.6320A - 225A Range

VOLTAGE TAPS (bits 0 through 2 of byte 2)
0000h all voltage relays open

0001h 120V range

0002h 240V range

0004h 480V range
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2.9.[0Ch] Trigger Waveform
Device RS-712 | RD-2x RD-3x
Version Availability | N/A 2.02 7.03.40
Valid DCAs M | [[M IM|JA[B]C]

The transmitted packet to the RD has the followorgat:

Start | Packet Type Length Data Checksu
A6h 0Ch 0001h Control Word xxXxxh
1 byte 1 byte 2 bytes 1 byte 2 bytes
Assuming no errors, the response from an RD-xx lvall
Start Packet Type Length Data Check
sum
A6h 0Ch OOONh Phase A PhaseB | PhaseC xxxxh
Status Status Status
1 1 2 1 1 1 2
byte byte bytes byte byte byte bytes

A summary of the Control Word and Status for thiggder Waveform command:

Control Word Status

0 | Waveform Capture Status Requested | 0 Wavefornebndt active

1 | Stop Waveform Capture 1 Wavform buffer stoppedadvailable

2 | Start Waveform Capture 2

Waveform buffer runpagrumulating data

When a "Waveform Trigger" command has been seatsdiftware will always collects 800
voltage and 800 current samples, at a samplingiénecy of 20119.225Hz. This data remains in
DSP memory until the user issues another "Wavefbiigger* Command.

For RD-3x devices, if a DCA with a Master accessest, the response will be the status of all
three phases (Nh = 03h) —where phase A status vbeulde first byte, phase B status would be
the second byte, and phase C would be the thiel b@therwise, the response will be for the
phase accessed (Nh = 01h).
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2.10. [ODh] Read Instantaneous Metrics; RD-2x format

RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs M | |IMm | [[M]JA]B]C]

This command is for reading instantaneous metrars RD-xx Standards in RD-2x format.

The RD-xx will return all the metrics in the resgenn Tl Floating-point format. See the section
on converting the TI floating-point to IEEE formdtlote that not all models support all
instantaneous metrics.

In firmware versions 05.06.00 and 06.00.00 and |atetrics that are not supported will always
return a value equal to the maximum TI floatingm@iumber §.4028235E38)

This command is compatible with RD-3x devices.

Device

The transmitted packet to the RD has the followorgat:

Type Start Packet Length Data Set/clear | Checksum
Type (See Table 1 Offset) | Update
Flag
(section 2.14)
RD-3x | A6h 0Dh 0008h 0040h 00000014h FFFDh 050Bh
RD-2x | A6h 0Dh 0008h 0024h 00000014h FFFDh 050Bh
1 byte 1 byte 2 bytes 2 bytes 4 bytes 2 byte t@sby
With no errors, the response from the RD will be:
Start | Packet Type| Length Data Checksu
A6h ODh 0040h Instantaneous Metrics in TI  xxxxh
floating point format
1 byte 1 byte 2 byteg 64 bytes 2 bytes

The Instantaneous Metrics and their offsets ar&/shn Section 4.1, Table 1.
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2.11. [OENh] Accumulated Waveform Data Read
Device RS-712 | RD-2x RD-3x
Version Availability | N/A 2.02 07.03.40
Valid DCAs | M M | [[M|A]|B]|C|
The transmitted packet to the RD has the followorgat:
Start | Packet Type Length Data Checksu
A6h OEh 0006h Number of | Waveform buffer |  xxxxh
bytes to read| offset to read from
1 byte 1 byte 2 bytes 2 byte 4 bytes 2 bytes
Assuming no errors, the response from an RD-xx lvall
Start | Packet Type Length Data Checksu
A6h OEh Nh Waveform Data from specified| xxxxh
offset
1 byte 1 byte 2 bytes N bytes 2 bytes

More details on the Waveform Data can be foundahld 4. The Waveform Data is in 32 bit Tl
floating point format.
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2.12. [OFh] Read Harmonic Data

Device RS-712 | RD-2x RD-3x
Version Availability | N/A 07.03.40| 07.03.40
Valid DCAs M | |[IM | |[IM]A]B]|C]

This command is only available in RD-xx deviced theve the harmonic option. If this
command is sent to an RD that does not have thdmac option, the RD-xx will return a
communication error, ACK, INVALID_DEVICE.

This command can be used to read multiple harmafies Triggering Harmonic Analysis using
command 28h (see Section 2.17).

A Harmonics Data Read packet transmitted to thexiR¥4ll have the following format:

Start Packet Type Length Data Checksum
A6h OFh 0006h Nh Offset Xxxxh
1 byte 1 byte 2 bytes 2 bytes 4 bytes 2 bytes

Where N is the number of bytes, on 4 byte boundateea maximum of 252 bytes. This allows
the reading of 21 harmonics (magnitude, phasedastdrtion) per command. More details on
the data structure of the harmonics can be fouchbie 3.

With no errors, the response from the RD will be:

Start | Packet Type| Length Data Checksu

A6h OFh Nh Harmonic Data from the xxxxh
specified Offset

1 byte 1 byte 2 bytes N bytes 2 bytes

Where N is again on 4 byte boundaries. Each 4drytep is in Tl floating point format.

Title: Customer Access Commands Manual for the RD-xx | Document ID: 944011.A] Page 24 of
Family 78




Radian Research, Inc. 2009-05-28 Copyright © 2000 Rights Reserved

2.13. [16h] Read Accumulating Metrics; RD-2x format
Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs IM | (M | [[IM|A]|B]|C|

This command is for reading accumulating metrioeffiRD-xx Standards in RD-2x format. The
RD-xx will return all the metrics in the responseTlil Floating-point format. See the section on
converting the Tl floating-point to IEEE format.ot¢ that not all models support all
accumulating metrics.

In firmware versions 05.06.00 and 06.00.00 and |atetrics that are not supported will always
return a value equal to the maximum TI floatingmp@iumber §.4028235E38)

This command is compatible with RD-3x devices.

The transmitted packet to the RD has the followorgat:

Start Packet | Length Data Checksum
Type

A6h 16h 0006h 20h 00000004h 0OE6h

1 byte 1 byte 2 bytes 2 bytes 4 byte 2 bytes

Assuming no errors, the response from the RD weill b

Start | Packet Type| Length Data Checksu

A6h 16h 0020h | Accumulating Metrics in Tl xxxxh
floating point format

1 byte 1 byte 2 byteg 32 bytes 2 bytes

The Accumulating Metrics and their offsets are shawSection 4.2, Table 2.
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2.14. [1Bh] Auto-Calibrate

Device RS-712 | RD-2x RD-3x
Version Availabilty | 4.13 4.00 6.00
M | [[Mm | |[M]A[B|C]

An Auto Calibrate packet transmitted to the RD-thecommand) will have the following
format:

Start Packet | Length Data Checksum
Type

A6h 1bh 0001h| Calibrate Code Xxxxh

1 byte 1 byte 2 bytes 1 byte 2 bytes

The packet being sent from the RD-xx (tkeponség would be:

Start Packet | Length Data Checksum
Type
A6h 1bh 00ONh| Calibrate Status xxxxh
1 byte 1 byte 2 bytes N bytes 2 bytes
Calibration
Code: Description:
bit
0 AutoCAL toggle bit

The RD-2x will be in full AutoCAL mode if = 0.
The RD-2x will be in partial AutoCAL mode if = 1.
8 Status request bit.
The DSP returns the status of the bits mentionedealf = 1.
The DSP updates the bits mentioned above and setioeir status if = 0.

The Calibration Status is the current Calibrati@u€&.

If a DCA with a Master access is sent, the respande the status of all three devices
(Nh =03h). Otherwise, the response will be fa device accessed (Nh = 01h).
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[1Dh] BNC Control
Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 2.02 6.00
Valid DCAs IM | (M | [[M|A|B]|C]|

The BNC Control command for the RD-2x Standardsvadl setting the input and output
functionality of the 3 BNC ports.
* Port 1 can be used as an input for gating the aclaiars or as an output for pulses
representing negative accumulating metrics.

» Port 2 is used for pulse output representing pasdaccumulating metrics data.
* Port 3 is used for controlling which device is usadthe sync output for a 3-phase

configuration. Phase A of the 3-phase configuratimuld be set to sync pulses out and

Phase B and C would be set to sync pulses in.

The transmitted packet to the RD has the followorgat:

Start Packet | Length Data Checksum
Type
A6h 1Dh 0002h BNC Code BNC Data Xxxxh
1 byte 1 byte 2 bytes 1 byte 1 byte 2 bytes
The packet being sent from the RD-xx (teeponsé would be:
Start | Packet Type| Length Data Checksu
ACh 1Dh 0002h 000Ah xxxxh
1 byte 1 byte 2 bytes 2 bytes 2 bytes
BNC BNC Data
Code
1 0 = Start/Stop/Clear Gating “Manual’ mode
1 = Clear-Start/Stop Gating “Manual” mode
2 = Negative Pulses Out
8 = Start/Stop/Clear Gating “Sensor” mode (Versidr21 and higher)
9 = Clear-Start/Stop Gating “Sensor” mode (Versidr21 and higher)
2 Accumulating Metric Index (See Read Accumulatitegtrics for RD-2x
command Section 2.9)
3 0 = Three phase sync pulses out
1 = Three phase sync pulses in
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BNC Control (continued)

BNC Control for the RD-3x

The BNC Control command for the RD-3x Standardsvadl setting the functionality for Input
Port 1 and Output Ports 1 through 3.
* Input Port 1 can be used as an input for gatingatoeimulators.
* Output Ports 1 through 3 are used for pulse out@iisesenting accumulating metrics
data for a specific phase (A, B, C) or net value.

The transmitted packet to the RD has the followorgat:

Start | Packet | Length Data Checksum
Type

A6h 1Dh 0003h| BNC Codé BNC Data Phase Code Xxxxh

1 byte| 1byte | 2 byteg 1 byte 1 byte 1 byte 2 bytes

The packet being sent from the RD-xx (tkeponség would be:

Start Packet Type| Length Data Checksu
ACh 1Dh 0002h 000Ah xxXxxh
1 byte 1 byte 2 byteg 2 bytes 2 bytes
BNC BNC Data Phase Code
Code
1 0 = Start/Stop/Clear Gating Ignored for this BNC number

(Input | “Manual” mode

Port) 1 = Clear-Start/Stop Gating
“Manual” mode

8 = Start/Stop/Clear Gating “Sensd
mode (Versions 4.21 and higher)
9 = Clear-Start/Stop Gating
“Sensor” mode (Versions 4.21 and

=

higher)
2 Port 1 Accumulating Metric Index | | 00h Pulse Output Phase A Fct
(Output | (See Read Accumulating Metrics 8;2 gu:se 8u:pu: gEase g Ilzcz
H H uise Outpu ase C
Port) packet, 16h, for the index list) o3 Buise Output Master Eot
5 Port 2 Accumulating Metric Index | See Phase code for BNC code 2

(Output | (See Read Accumulating Metrics
Port) packet, 16h, for the index list)

6 Port 3 Accumulating Metric Index | See Phase code for BNC code 2

(Output | (See Read Accumulating Metrics
Port) packet, 16h, for the index list)
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BNC Control (continued)
BNC Control for the RD-3x

The Phase Code is used with the Output Ports wfgpehich phase of the metric to pulse out.
The Phase Codes are defined in the Set Pulse Qogmstant Command.

Note: not all models support all accumulating nostriMetrics that are not supported will not
output any data. Attempts to set a pulse outpateeé BNC to pulse out an accumulated metric
that is not available will result in an INVALID DAX (OFh) communications error.

“Manual” mode defines Input Port 1 to trigger oe falling edge of the signal and the Pickup
port is not enabled. “Sensor’” mode defines Paatttigger on the rising edge of the signal and
the Pickup port is enabled.

The default settings for the Pulse Outputs on ar3R@re as follows:

Pulse Output Accumulating | Phase Accumulating | Phase
Metric Metric for RD-3x
models without
VAR Hour and

VA hour
1 Watt Hour Totalized Watt Hours Totalized
2 VAR Hour Totalized Watt Hours Phase A
3 VA Hour Totalized Watt Hours Phase B

594 000,

Pulse Inputs Pulse Outputs

Figure 1 A Partial Outline of the Back Panel of arRD-3x

The default setting for the Pulse Inputs is; Putpaits 1 and 2 disabled for gating, Pulse Input 3
enabled for gating. This allows all three phasdset gated by one signal.
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Device RS- | RD- | RD-3x

712 2X
Version 4,13 [(4.20 |6.00
Availabilty | [M [ |[[M ][[M[A]B]C]

For a System Status, the packet sent to the RDRec¢mmand) will be:

Start Packet | Length Data Checksum
Type

A6h 20h 0001h Command XXXxh

1 byte 1 byte 2 bytes 1 byte 2 bytes

The packet being sent from the RD-xx (tkeponség would be:

Start Packet | Length Data Checksum
Type
A6h 20h 0O0ONh Status Specified by xxxxh
Command Data
1 byte 1 byte 2 bytes N bytes 2 bytes
Command Descrip- Response Data
Data tion (beginning at the first byte in the DATA section, lyte number 4)

00h Single Reserved Reserved Auto-

avail vers. Phase (4 bytes) (4 bytes) Cal/ Misc flags

2.02-5.99 Status Status
Req (1 byte)
00h Status Reserved Reserved Auto-

avail vers. Summary (1 byte) (1 byte) Cal/ Misc flag

6.00- Indicator (1 byte) (1 byte)
07.05.31 (1 byte)

01h Reserved Reserved Reserved Reserved Reserved

Reserved (4 bytes) (4 bytes) (4 bytes) (4 bytes)

02h Reserved ReservedReserved Reserved

Reserved (4 bytes) (4 bytes) (4 bytes)

04h Auto Auto-Cal Auto-Cal Auto-Cal

avail vers. Calibrate /Misc IMisc IMisc

6.00- / Misc Status Status Status

07.05.31 Status Phase A Phase B Phase C
(Lbyte) (1byte) (1 byte)

08h Update Update Update Update
avail Flags Flags Flags Flags
vers. Phase A Phase B Phase C
6.00- (2 bytes) (2 bytes) (2 bytes)
07.05.31

Update Status

Update Status

Update
Flags
Master
(2 bytes)

Indicators
(6 bytes) (1 byte)

Reserved Reserved

Indicators (1lbyte)

(1 byte)
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Command| Descrip- | Response Data
Data tion (beginning at the first byte in the DATA sectioytédnumber 4)
10h Status Status Status Status
avail vers.| Indicators| Indic. Indic. Indic.
6.00- Phase A | Phase B | Phase C
(1 byte) (1 byte) | (1 byte)
20h Reserved| Reserved Reserved Reserved
Reserved (4 bytes) | (4 bytes) | (4 bytes)
40h Reserved| Reserved | Reserved Reserved Reserved
Reserved (2 bytes) | (2 bytes) | (2 bytes) | (2 bytes)

The Status Summary Response for RD-3x’s has thexfimlg bit definitions for the bytes

returned.

Bit 0

Bit 1

Bit 2

Bit 3

Phase A Error/ Update

Phase B Error/ Update

PG@dseor/ Update

Master Error/ Update

Command Data bits can be combined (or'd togetler@¢eive multiple Status types.
The Data word responses will have the followingrdgbns:

AutoCalibrate/ Misc

Indicator

Bit:

Description:

0 This bit is set (1) if any of the following detected:
Pulse Output exceeded max limit.
AutoCAL failure.
CMSR value is maxed out.
IMSR value is maxed out.
VMSR value is maxed out.
AMSR value is maxed out.
Eboard unprogrammed
Accum values at max.

AutoCalibrate/ Misc Status __Bit: Description:
(avail. in rev 07.03.50) 0 Pulse Output exceeded limit if set to one.
1 AutoCAL failure if set to one.
2 CMSR value is maxed out if set to one.
3 IMSR value is maxed out if set to one.
4 VMSR value is maxed out if set to one.
(avail. in rev 07.03.10) 5 AMSR value is maxed ibset to one.
(avail. in rev 07.03.10) 6 Eboard unprogrammeskifto one
(avalil. in rev 07.03.50) 7 Accum values at malugaf set to one.
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Update Flags

Data byte offset: Description:

0-1 Instantaneous Metric updated field (to iatkcto external applications
that new data is available)

2-3 Minimum Metric updated field (for externgdications)
-only available in versions 2.02 through 5.99

4-5 Maximum Metric updated field (for exterrgdplications)

-only available in versions 2.02 thrbig99

Bit definition for any given update field:

Bit: Description:
0, 2-15 Reserved
1 Customer software has not read data sinceipalgte if set 1
Status Indicator Bits
Bit: Description:
0 The RD-xx device/phase is in Three Phase SynecBm mode if set
to 1 otherwise, the RD-2x device is in Three Pt&g®c Sensing mode.
1 If the RD-xx device/phase is in Three Phase Sgmsing mode and

this bit is set to 1, the RD-xx device is not recey any Three Phase Sync Pulses.

Title: Customer Access Commands Manual for the RD-xx | Document ID: 944011.A] Page 32 of
Family 78




Radian Research, Inc. 2009-05-28 Copyright © 2000 Rights Reserved

2.17. [21h] Minimum Metrics Data Read

Device RS- | RD- | RD-3x

712 2X
Version N/A 2.02 |6.00
Availabilty [[M_|||M ||[M|A|B]|C]

This command is for reading the minimum instantasaeoetrics from RD-xx Standards in RD-
2x format. The RD-xx will return all the metrias the response in Tl Floating-point format.
See the section on converting the Tl floating-ptantEEE format. Note that not all models
support all minimum instantaneous metrics.

In firmware versions 05.06.00 and 06.00.00 and |atetrics that are not supported will always
return a value equal to the maximum TI floatingmp@iumber §.4028235E38)

This command is compatible with RD-3x devices.

The transmitted packet to the RD has the followorgat:

Start Packet Type Length Data Checksum
A6h 21h 0006h 0040h 00000014h 051Fh
1 byte 1 byte 2 bytes 2 bytes 4 bytes 2 bytes

With no errors, the response from the RD will be:

Start | Packet Type| Length Data Checksu
A6h 21h 0040h Minimum Instantaneous|  xxxxh
Metrics in Tl floating point
format
1 byte 1 byte 2 bytes 64 bytes 2 bytes

The Minimum Instantaneous Metrics and their offegessshown in Section 4.1, Table 1.
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2.18. [23h] Maximum Metrics Data Read

Device RS- | RD- | RD-3x

712 2X
Version N/A 2.02 |6.00
Availabilty [[M__|||M ||[M|A]B]|C]

This command is for reading the maximum instantasevetrics from RD-xx Standards in RD-
2x format. The RD-xx will return all the metrias the response in Tl Floating-point format.
See the section on converting the Tl floating-ptantEEE format. Note that not all models
support all instantaneous metrics.

In firmware versions 05.06.00 and 06.00.00 and |atetrics that are not supported will always
return a value equal to the maximum TI floatingmp@iumber §.4028235E38)

This command is compatible with RD-3x devices.

The transmitted packet to the RD has the followorgat:

Start Packet Type Length Data Checksum
Abh 23h 0006h 0040h 00000014h 051Fh
1 byte 1 byte 2 bytes 2 bytes 4 bytes 2 bytes

With no errors, the response from the RD will be:

Start | Packet Type| Length Data Checksu
A6h 23h 0040h Maximum Instantaneoug  xxxxh
Metrics in Tl floating point
format
1 byte 1 byte 2 bytes 64 bytes 2 bytes

The Maximum Instantaneous Metrics and their offaeésshown in Section 4.1, Table 1.
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2.19. [28h] Trigger Harmonic Analysis
Device RS- | RD- RD-3x
712 2X
Version N/A 435 |07.02.90
Availabilty [[M__|||M ||[M|A]B]|C]

This command is for starting a harmonic analysisafepecified harmonic and reading the
harmonic results from RD-xx Standards. If the hamio analysis is not complete, zeros will be
returned for the harmonic data. The RD-xx wiluretthe harmonic values in Tl floating-point
format. Note that Models that do not support harice®will return an ACK with error;
INVALID_DEVICE.

The transmitted packet to the RD has the followorgat:

Start | Packet Type | Length Data Checksum
x6h 28h OOONh Control Harmonic | Subharmonig Base xxxxh

Byte Number | Number Harmonic
1 byte | 1 byte 2bytes| 1byte 1 byte 1 byte 1 byte| byt2s

The Length, N, is equal to 2 for versions 07.03f@ earlier. N can be equal to 4 in versions
later than 07.03.70 to control the “Zooming” into @&ea of harmonic interest. The Subharmonic
number is the “Zoom” factor and can be any integenber between 1 and 10. The Base
harmonic is the integer offset into the harmonatices. The total number and format of
harmonic values read (see Section 4.3) remainsaime but the “Harmonic order” can become a
“Subharmonic” for any Subharmonic number other than

With no errors, the response from the RD will be:

Start | Packet Type | Length Data Checksum
x6h 28h 002Ah Harmonic Data xxxxh
1 byte| 1 byte 2 bytes| 3+ (3*13)+ M bytes 2 byte

The Data in the response has the following format:

Data
Status Harmonics | Status Harmonics | Status Harmonics | Subharmonia
Phase A Phase A Phase B Phase B Phase C Phase C Status
1 byte 13 bytes 1 byte 13 bytes 1 byte 13 bytes  yidD

If a DCA with a Master access is sent, Data inrdsponse is as shown above (Length = 2Ah)
otherwise, Data in the response is for the deviaeis being accessed (Length = OEh).
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Trigger Harmonic Analysis (continued)

For versions greater than 07.03.70, if the lendtth® Trigger Harmonic Analysis command
includes Subharmonic information (N = 4), then iggponse will have the Subharmonic Status
in order of Subharmonic Number then Base Harmoimeres M = 2 for per phase DCA. If a

DCA with a Master access is sent, M = 6. The raspd?acket Length for a Master access DCA
would be 30h (2Ah + 06h). The response Packet thefog a per phase DCA would be 10h

(OEh + 02h).

For versions 4.35 through 5.99 (RD-2xs), the DATAHRe response is always of length 0ONh =
1Ah (25 for harmonics + 1 status).

The Control Byte sent in the command is definetbsws:

The low nibble sets function. The high nibble stddetween fixed fundamental frequency of 50
or 60 Hz if set to zero. If set to one a trackingdamental algorithm is used that allows the
fundamental to be a frequency other than 50 or 60 H

Value Definition:

0 00h- Return status of harmonic analysis fixed fumeiatal (harmonic number field
ignored)

1 01h- Return status of harmonic analysis fixed fumeiatal (harmonic number field
ignored) Restart analysis if completed

2 02h- Trigger to start fixed fundamental voltagerhanic analysis on the requested
harmonic number. If the harmonic number is O thip harmonic analysis.

3 03h- Trigger to start fixed fundamental currentrhanic analysis on the requested

harmonic number. If the harmonic number is O thip harmonic analysis.

16 10h- Return status of harmonic analysis trackinglaimental (harmonic number field
ignored)

17 11h- Return status of harmonic analysis trackinglaimental (harmonic number field
ignored) Restart analysis if completed

18 12h- Trigger to start tracking fundamental volthgemonic analysis on the requested
harmonic number. If the harmonic number is O thip harmonic analysis.

19 13h- Trigger to start tracking fundamental curdeatmonic analysis on the requested
harmonic number. If the harmonic number is O thip harmonic analysis.
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Trigger Harmonic Analysis (continued)

The Status byte returned in the response whenatimenand was 0 is defined as follows:

Value Definition:

0 Harmonic analysis is not being performétharfnonic data is all zeros)
1 Harmonic analysis is in progress (Harmatata is all zeros)

2 Voltage harmonic analysis is ready (Harmatdta contains results)

3 Current harmonic analysis is ready (Harro@ata contains results)

Whenever the command status is 1 and the respsisatus 2 or 3, the RD-xx will immediately
begin to perform harmonic analysis on the same balemumber and axis (voltage or current).

The Harmonics data consists of

For RD-xx versions 4.35 — 5.99:

Offset Size format Definition:

ooh 4 Tl float Amplitude of the fundamental Yialts or amps depending on
Status value)

04h 4 Tl float Phase angle (in degrees) of the dnmehtal

08h 4 Tl float THD of the fundamental

0Ch 1 int Harmonic analyzed

ODh 4 Tl float Amplitude of the harmonic analyzéa Yolts or amps depending
on Status value)

11h 4 Tl float Phase angle (in degrees) of the barmanalyzed

15h 4 Tl float THD of the harmonic analyzed

For RX-xx Versions 07.02.90 and greater:

Offset Size format Definition:

00h 1 int Harmonic analyzed

01h 4 Tl float Amplitude of the harmonic analyz@dvolts or amps depending
on Status value)

05h 4 Tl float Phase angle (in degreeshefharmonic analyzed

09h 4 Tl float Distortion of the harmonic analgizef the harmonic analyzed is

the fundamental, this value represents the THD.
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2.20. [2Ch] Measurement Modes
Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 5.07 6.00
Valid DCAs M | |Im | |[IMJA]B]C]

The Measurement Mode command can be used to get thie mode of the standard. This
command will work for RD-2x Version 5.07 and greaiad RD-30 Standards Version 6.00 and
greater. RD-2x Standards prior to Version 5.07 sgllurn an Invalid Packet Type error 06h.
See the RD User Manual for a complete descriptidheMeasurement Modes.

The transmitted packet to the RD has the followorgat:

Start | Packet Type | Length Data Checksu
A6h 2Ch 0004h | Measurement Mogde Mask Word XXXxh
1 byte 1 byte 2 bytes 2 bytes 2 bytes 2 bytes
Assuming no errors, the response from the RD weill b
Start | Packet Type| Length Data Checksu
A6h 2Ch 0002h Measurement Mode xxxxh
1 byte 1 byte 2 bytes 2 bytes 2 bytes

To get the current Measurement Mode of the RD sead¢ommand with the Measurement
Mode and Mask Word set to zeros: A6 2C 0004 OG@ED®MO30

To set the Measurement Mode of the RD send the @andmwith the Measurement Mode set
based on the table below and set the Mask Wor@®@&10 for an RD-3x or a 0001h for an
RD-2x.

Measurement Mode Table

[Code | Measurement Mode
0000h Sets Mode to RMS
0001h Sets Mode to AVG

Certain models of RD-2x/3x do not support Avera§¢ G) mode. RD-xx devices that do not
support AVG mode will return and Invalid Data Eribrequested to set to AVG mode.
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2.21. [2Eh] Read Instantaneous Metrics: RD-3x format
Device RS-712 | RD-2x RD-3x
Version Availability | N/A N/A 6.00
Valid DCAs IM | ([M | [[M|A|B]|C]|

This command is for reading instantaneous metrars RD-xx Standards in RD-3x format.

The RD-3x will return the specific metric in Tl Flbng-point format for each phase, neutral and
net values. See the section on converting théo@tihg-point to IEEE format. The metric
values will be based on the Measurement Mode geffiersions 06.00.17 and earlier). See the
Measurement Mode command for getting and settiagrtbde. Note that not all models support
all instantaneous metrics.

In firmware versions 06.00.00 and later, metricd tre not supported will always return a value
equal to the maximum TI floating point number(28235E38)

The transmitted packet to the RD has the followorgat:

Start | Packet Type | Length | Data Checksum
A6h 2Eh 0004h Metric Index| FFFDh xXxxxh
1 byte | 1 byte 2 bytes| 2 bytes 2 bytes 2 bytes

Assuming no errors, the response from the RD weill b

Start | Packet | Length Data Check
Type sum
A6h 2Eh 0014h Phase Phase | Phase | Reserved Net xxXxxh
A B C
1 1 2 4 4 4 4 4 2
byte byte bytes bytes bytes bytes bytes bytes | bytes

The response data is the Instantaneous Metric flodting-point format for phase A, phase B,
phase C, Reserved, and net values.

The Instantaneous Metrics and their offsets ara/shn Section 4.1, Table 1.
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2.22. [2Fh] Read Accumulating Metrics: RD-3x format
Device RS-712 | RD-2x RD-3x
Version Availability | N/A N/A 6.00
Valid DCAs IM | ([M | [[M|A|B]|C]|

This command is for reading accumulating metriosnfiRD-xx Standards in RD-3x format. The
RD-3x will return the specific metric in Tl Floagirpoint format for each phase, neutral and net
values. See the section on converting the Tlifiggpoint to IEEE format. The metric values
will be based on the Measurement Mode setting i»e$96.00.17 and earlier). See the
Measurement Mode command for getting and settiagrtbde. Note that not all models support
all accumulating metrics.

In firmware versions and 06.00.00 and later, metiti@t are not supported will always return a
value equal to the maximum TI floating point num{se4028235E38)

The transmitted packet to the RD has the followorgat:

Start | Packet Type Length Data Checksum
A6h 2Fh 0002h Accumulating Metric Index XXxXxh
1 byte 1 byte 2 bytes 2 bytes 2 bytes

Assuming no errors, the response from the RD weill b

Start | Packet | Length Data Check
Type sum
A6h 2Fh 0014h Phase Phase | Phase| Reserved Net xxxxh
A B C
1 1 2 4 4 4 4 4 2 bytes
byte byte bytes bytes bytes | bytes bytes bytes

The Accumulating Metrics and their offsets are shawSection 4.2, Table 2.
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2.23. [30h] All Minimum Metrics Request

Device RS- | RD- | RD-3x

712 2X
Version N/A 2.02 |6.00
Availabilty | [M_]|IM ||[Mm]A]B]C]|

This command is for reading minimum instantaneoatrics from RD-xx Standards in RD-3x
format. The RD-3x will return the specific metcTI Floating-point format for each phase,
neutral and net values. See the section on congehte Tl floating-point to IEEE format. The
metric values will be based on the Measurement Mwadiing (versions 06.00.17 and earlier).
See the Measurement Mode command for getting atidgséhe mode. Note that not all models
support all instantaneous metrics.

In firmware versions and 06.00.00 and later, metithat are not supported will always return a
value equal to the maximum TI floating point num{@e£028235E38)

The transmitted packet to the RD has the followorgat:

Start | Packet Type | Length Data Checksum
A6h 30h 0002h Metric Index xxxxh
1 byte | 1 byte 2 bytes 2 bytes 2 bytes

Assuming no errors, the response from the RD weill b

Start | Packet | Length Data Check
Type sum
A6h 30h 0014h Phasel Phase | Phase| Reserved Net xxxxh
A B C
1 1 2 4 4 4 4 4 2
byte byte bytes bytes bytes | bytes bytes bytes | bytes

The response data is the Minimum InstantaneousidMatiT| floating-point format for phase A,
phase B, phase C, neutral, and net values.

The Minimum Instantaneous Metrics and their offsgessshown in Section 4.1, Table 1.
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2.24. [31h] All Maximum Metrics Data Request
Device RS- | RD- RD-3x
712 2X
Version N/A 2.02 |6.00
Availabilty | [M_]|[M ||[[M]ATB[C]|

This command is for reading maximum instantaneoeios from RD-xx Standards in RD-3x
format. The RD-3x will return the specific metinicT| Floating-point format for each phase,
neutral and net values. See the section on cangehe Tl floating-point to IEEE format. The
metric values will be based on the Measurement Mediéng (versions 06.00.17 and earlier).
See the Measurement Mode command for getting atidgéhe mode. Note that not all models
support all instantaneous metrics.

In firmware versions and 06.00.00 and later, metiti@t are not supported will always return a
value equal to the maximum TI floating point num{se4028235E38)

The transmitted packet to the RD has the followorgat:

Start | Packet Type | Length Data Checksum
A6h 31h 0002h Metric Index XXxxh
1 byte | 1 byte 2 bytes 2 bytes 2 bytes

Assuming no errors, the response from the RD weill b

Start | Packet | Length Data Check
Type sum
A6h 31h 0014h Phase Phase | Phase| Reserved Net xxxxh
A B C
1 1 2 4 4 4 4 4 2
byte byte bytes bytes bytes | bytes bytes bytes | bytes

The response data is the Maximum InstantaneouddJetr | floating-point format for phase A,
phase B, phase C, neutral, and net values.

The Maximum Instantaneous Metrics and their offaetsshown in Section 4.1, Table 1.
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2.25. [32h] Set Pulse Output Constant
Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 5.06 6.00
Valid DCAs IM | (M | [[M|A|B]|C]|

The Set Pulse Output Constant command is onlyablaiin Versions 5.06 and greater. This
allows setting the pulse output constant for a ifigeacccumulating metric. The Pulse Output
Constant should be in Tl floating point format.

The transmitted packet to the RD device has tHevihg format:

Start Packet Length Data Checksum
Type
A6h 32h 0007h Metric| Status Pulse Output  xxxxh
Index Constant
1 byte 1 byte 2 byteg 2 bytes 1 byte 4 bytes 2sbyte

Assuming no errors, for a 00h in the “Status” fjglte response from the RD will be:

Start Packet Type| Checksum
A3h 32h 00D5h
1 byte 1 byte 2 bytes

For a 01h in the “Status” field, the reponse fréva RD will be:

Start | Packet Type Length Data Checksu
A3h 32h 0004h Pulse Output  xxxxh
Constant of
given Metric
Index
1 byte 1 byte 2 bytes 4 bytes 2 bytes

The Accumulating Metric Index Table is shown in Bead Accumulating Metrics commands
(section 2.13).
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2.26. [34h] Standard Test

Device RS-712 | RD-2x RD-3x
Version Availability | N/A 07.00.00( 07.01.10
Valid DCAs IM | (M | [[M|A|B]|C]|

The transmitted packet to an RD-2x device hasdhevwing format:

Start Packet Length Data Checksum
Type
A6h 34h 000Ah Test Fct Contro Duratign Puls¢ xxxxh
Constant
1 byte 1 byte 2 bytes 1 byte 1 byte 4 bytes 4 bytes 2 bytes

The “Test Fct” is the index of the accumulatingdtion for the Standard Test. See Table 2 for
details on the accumulating function indices. nfaacumulating function is not supported by the
RD-xx model, an ACK_ERROR with INVALID_DATA will ocur.

The “Duration” is an unsigned 32-bit integer numiegresenting either the Time in samples for
the Standard Test or the Number of Pulses Couptethé Standard Test.

The “Pulse Constant” is a 32 bit Tl floating pomtmber representing the pulse constant to be
used for the Standard Test.

The “Control” byte is described below:

Bit | Description

0 RD-xx returns status if this bit is 0, otherwisstarts a Standard Test
For the correct status information to be returrled,original parameters that were sent to
initiate the Standard Test must be sent.

1 Testing Non-Radian Standard if equal to 0, otleswesting a Radian Standard

2 Time-based test if equal to 0, otherwise Puls=tdest

3-7 | Reserved
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Standard Test (continued)

The transmitted packet to an RD-3x device hasdhewing format:

Start Packet | Length Data Check
Type sum
A6h 34h 000Bh | TestFct Contral Duration Pulse Test xxxxh

Constant Phase

1 byte 1 byte 2 bytes 1 byte 1 byte 4 bytes 4 byted byte 2 bytes

The “Test Fct” is the index of the accumulatingdtion for the Standard Test. See Table 2 for
details on the accumulating function indices. nfaacumulating function is not supported by the
RD-xx model, an ACK_ERROR with INVALID_DATA will ocur.

The “Duration” is an unsigned 32-bit integer numieggresenting either the Time in samples for
the Standard Test or the Number of Pulses Counteitié Standard Test.

The “Pulse Constant” is a 32 bit Tl floating pomtmber representing the pulse constant to be
used for the Standard Test.

The “Test Phase” is the phase of the RD-3x thad gerform the Standard Test.

The “Control” byte is described below:

Bit | Description

0 RD-xx returns status if this bit is 0, otherwisstarts a Standard Test
For the correct status information to be returrled,original parameters that were sent to
initiate the Standard Test must be sent.

1 Testing Non-Radian Standard if equal to 0, otlsswesting a Radian Standard
2 Time-based test if equal to 0, otherwise Pulsetdest
3 Totalized form of Test Function to be used fartsfard Test if this bit is 1, otherwise the

per phase form of the Test Function is used

4-7 | Reserved
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Assuming no errors, the response from a RD-xx vl

Start | Packet | Length Data Check
Type sum
A6h 34h 001Ah| TestFct ControDuration| % % Pulse | Accum| Pulse| xxxxh
Err | Reg | Constant Metric | Count
1 1 2 1 1 4 4 4 4 4 4 2
byte | byte bytes byte byte bytes | bytes| bytes| bytes | bytes | bytes| bytes

The “Duration” in the response will be the numbesamples or pulses left in the test.
% Err (Error), % Reg (Registration), and Accum Me#rre 4 bytes values in Tl floating point

format. The % Err and % Reg values are returngdeamaximum Tl floating point number

(3.4028235E38until the test is complete

“Pulse Count” is the number of pulses read duriregstandard test and is represented as

a 32bit unsigned integer.

To Abort any Standard Test, a test must be stavittda Duration of zero. Not restarting a

Standard Test with a Duration of zero will not charnhe gating registers back to their default

states.
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2.27.

[39h] Meter Test
Device RS-712 | RD-2x RD-3x
Version Availability | 4.13 5.06 6.00
Valid DCAs IM | (M | [[M|A|B]|C]|

The transmitted packet to an RD-2x device hasdhevwing format:

Start | Packet | Length Data Check
Type sum
A6h 39h 0010h| TegtControl | Duration| Kh | Meter Current | Revs| Pulses/Rev xxxxh
Fct Elements| Elements
1 1 2 1 1 4 4 1 1 2 2 2
byte | byte bytes | byte| byte bytes | bytes| byte byte | bytes bytes bytes
Data Description
Bytes
1 Test Fct; The index of the accumulating fumttior the Meter Test. (see Table
2 for details) If an accumulating function is sopported by the RD-xx model,
an ACK_ERROR with INVALID_DATA will be returned.
2 Control; For the correct status informatiorbeoreturned, the original
parameters that were sent to initiate the Metet messt be sent.
Bit | Description
0 Return status if O, Start Meter test if 1
1 Pulse-based Sensor Metertest | 0
2 Time-based Sensor Meter tes 1
Pulse-based Manual Meter test |2
Demand Meter test 3
3-7 | Reserved for future use
3-6 Duration; 32 bit integer number representing
Pulse-based Sensor MeterfField ignored for this test.
test
Time-based Sensor MeterDuration of Meter test in samples
test
Pulse-based Manual Field ignored for this test.
Meter test
Demand Meter test Duration of Meter test in samples
7-10 Kh; 32 bit Tl floating point number
Pulse-based Sensor Meter test ~ Kh factor
Time-based Sensor Meter tes Kh factor
Pulse-based Manual Meter test  Kh factor
Demand Meter test Demand Meter reading
11 Meter elements; The index into the array efenelements 0-3. The meter
elements are 3.0, 2.5, 2.0, and 1.0 respectively.
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Data Description

Bytes

12 Current elements; The index into the arragusfent elements 0-2. The current
elements are 1, 2, or 3 respectively.

13-14 Revs; The number of revolutions for theévieluring the test. It is only
necessary to transmit this field when doing a SeasManual Meter test (reducing
the packet length by 2 bytes otherwise).

15-16 Pulses/Rev; The number of pulses per rewmidtr the Meter during the test. Itis
only necessary to transmit this field when doirgemsor Meter test (reducing the
packet length by 2 bytes otherwise).

The transmitted packet to an RD-3x device hasdhewing format:

Start | Packet | Length Data Check
Type sum
A6h 39h 0011h| TestControl| Duration| Kh Meter | Current| Test | Revs| Pulses/| xxxxh
Fct elementy Inputs | Phase Rev
1 1 2 1 1 4 4 1 1 1 2 2 2
byte | byte bytes | byte| byte bytes | bytes| byte byte | byte | bytes| bytes | bytes

The areas within the Data field for the RD-3x comohhave the same definition as for the RD-
2x command with the following exceptions.

The “Control” byte is described below:

Bit | Description
0 Return status if 0, Start Meter test if 1
1 Pulse-based Sensor Meter test 0
2 Time-based Sensor Meter tes 1
Pulse-based Manual Meter test |2
Demand Meter test 3
3 Totalized form of Test Function to be used fortdaest if 1. Pel
phase form of Test Function to be used for Metgrife.
4-7 | Reserved for future use

For the correct status information to be returiied,original parameters that were sent to initiate
the Meter Test must be sent.
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The “Test Phase” is the phase of the RD-3x thad gerform the Meter Test.

Test | Value
Phase

A 0

B 1

C 2

Assuming no errors, the response from a RD-xx vl
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Start | Packet| Length Data Check
Type sum
A6h 39h 0016h| Test Control| % % | Accum | Duration| Pulse xxxxh
Fct Err Reg | Metric Left Count
1 1 2 1 1 4 4 4 4 4 2
byte | byte bytes | byte | byte | bytes| bytes| bytes | bytes bytes bytes

% Err (Error), % Reg (Registration), and Accum Me#rre 4 bytes values in Tl floating point
format. The % Err and % Reg values are returngdeamaximum Tl floating point number
(3.4028235E38until the test is completéDuration Left” and “Pulses Counted” are both 32 bi
unsigned integers. “Duration Left” representsaittihe number of pulses left in a Meter test for
Pulse-based testing or the number of samplesdeffime-based or Demand Meter testing.
“Pulses Counted” is the number of pulses that thexR has detected during a Time-based
Meter test. “Pulses Counted” is not returned falsB-based meter testing or Demand Meter

Testing.

To abort any Meter Test, a test must be starteldl avduration of zero. Not restarting a Standard
Test with a duration of zero will not change théirgaregisters back to their default states.

2.28. [3Ah] ANALOG SENSE TEST

o _ Device RS- | RD-2x | RD-3x
Communications Delay Timeout: 50 mS 712
An Analog Sense Test packet transmitted to the RD-x -
(thecommand) will have the following format: Version | N/A | 7.04.00| 7.04.00
Availabilty [[M_|||M | |[[M]A]B]C|
Start | Packet | Length Data Check
Type sum
x6h 3Ah 0006h Test Fct Control Analog SenseType Input Offset | xxxxh
Factor
1 1 2 1 1 4 4 4 4 2
byte | byte bytes byte byte bytes bytes | bytes| bytes | bytes
where “x6h” is either A6h for an RD-2x or D6h fan D-3x.
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Bit

Description

0

Return status if 0, Apply transmitted parameifets

1-7

Reserved for future use
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The Test Fct field is the index of the Instantarsebletric to perform the Analog Sense test on.

Only Volts, Amps, Watts, VA, VAR, and Frequency danused to perform an Analog Sense

test.

Table 2 has a listing of these metrics and theiices. Metrics not listed here will result in an

error

if sent.

The Analog Sense Factor is in 32 bit Tl floatingnpdormat.

The “Type” field is the transducer type (0 = 0 miAz= 4mA, or 2 =12m A).

The “Input” field is the input reference (if thrpbase) : 0 = Phase A, 1 = Phase B, 2 = Phase c, 3
= Totalized.

The “Offset” field is a generic offset applied teettransducer output, a 32 bit Tl floating point

format.

The equation defining the tranducer output is:

T = Analog_Sense_Factor % — Type) + Offset

Theresponsefrom the RD-xx for this packet could be;
An ACK_NODATA if bit 0 of Control is equal to 1, berwise, an ACK_DATA with the
following data format:

Start | Packet | Length Data Check
Type sum
x6h 3Ah 0015h Test Fct Analog SenseReferene| DUT DIF %Err xxxxh
Factor Value Value Value
1 1 2 1 4 4 4 4 4 2
byte | byte bytes byte bytes bytes bytes bytes bytes bytes

Analog Sense Factor, Reference Value, DUT Valu€,\dlue, and % Err are 4 byte values in

Tl floating point format. Analog Sense Factor drest Fct in the response are the same as the
transmitted. Reference Value is the value of tle¢rimfrom the RD-xx. DUT value is the
measurement, scaled by the Analog Sense Factor,the
Device Under Test via the Analog Sense input BNOS&- is the difference between the

Reference and DUT values. % Err is the percergage of the DUT value with respect to the

Reference Value.
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2.29. [3Dh] Power Quality Start/Stop/Status
Device RD-2x RD-3x
Version Availability | 7.05.30 | 7.05.30
Valid DCAs M | [[M|[A]|B]|C]|

right © 200 M0 Rights Reserved

The packet transmitted to the RD->ofver Quality Start) will have the following format:

Start | Packet | Length | Control Data Checksum
Type Field
A6h 3Dh 0025h 0x01 9 (floats) PQ xxxxh
Thresholds
1 byte 1 byte 2 bytes 1 Byte 36 bytes 2 bytes h
e
threshold definitions are as follows:
Bytes Thresholds Typical Value
0-3 Sag Trigger 108.0 Volts
4-7 Swell Trigger 126.0 Volts
8-11 Voltage Transient Trigger 200.0 Volts
12-15 Noise Trigger 1.5 Volts
16-19 Voltage %THD Trigger 5.0 % THD
20-23 Frequency Trigger 2.0 Hz
24-27 3-Phase Imballanced 2.0 Volts
Trigger
28-31 Current Transicent Trigger 10.0 Amps
32-35 Current %THD Trigger 20.0 % THD
The packet being sent from the RD-xx (teeponsé would be:
Start | Packet Type| Checksum
A3h 3Dh O00EOh
1 byte 1 byte 2 bytes
The packet transmitted to the RD-»ower Quality Stop Command will have the following format:
Start | Packet | Length Control Field Checksum
Type
A6h 3Dh 0001h Oh 00E4h
1 byte 1 byte 2 bytes 1 byte 2 bytes
The packet being sent from the RD-xx (tkeponség would be:
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Start | Packet Type| Checksum
A3h 3Dh O00EOh
1 byte 1 byte 2 bytes
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The packet transmitted to the RD->&awer Quality Status Command will have the following format:

Start | Packet | Length Control Field Checksum
Type

A6h 3Dh 0001h 2h 00E6h

1 byte 1 byte 2 bytes 1 byte 2 bytes

\"2J

The packet being sent from the RD-xx (tkeponség would be:

Start | Packet Type Length Status Checksu

A3h 3Dh 0001h 0x00 — xxxxh
OxFF

1 byte 1 byte 2 bytes 1 byte 2 bytes

If the returned status is OxFF no event data idaa. If the return status is not OxFF, then a
power quality event has occurred and event dagagable. The index into the Power Quality
event data fifo is returned in the status fieldhaf status message. To return the data associated
with this Power Quality event fifo entry, send tRewer Quality Data message as defined

below.

2.30.

[3Eh] Power Quality Data

Device RD-2x RD-3x
Version Availability | 7.05.30 | 7.05.30
Valid DCAs M | [[M|A]|B]|C|

The packet transmitted to the RD->ofver Quality Data) will have the following format:

Start | Packet | Length Event Offset Length Checksum
Type Fifo (bytes) (bytes)
Index
A6h 3Eh 0005h| 00h — 3Fh Fifo Tx Xxxxh
offset Length
1 byte| 1byte | 2 bytes 1 Byte 2 bytes 2 Bytes 2 bytes
messsage field definitions are as follows:
Field Definition
Event Fifo Event Index returned from Power Qualtgtus
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Field Definition

Index Message

Offset Offset (in bytes) into an event data buéfetry
Length Length (in bytes) of event data to transfer

The packet being sent from the RD-xx (tkeponsé¢ would be:

Start | Packet| Length Event Checksum
Type Data
A6h 3Eh | XXXXh| waveform xxxxh
1 1 byte | 2 bytes N Bytes 2 bytes
byte
The event data definitions are as
follows:
Bytes Description Data
Type
0-3 Event Type (Integer)
1-Sag
2 — Swell
3 — Voltage Transient
4 — Noise
5 — Voltage %THD
6 — Frequency
7 — Imbalanced
8 — Current Transient
9 — Current % THD
4-7 Time Stamp (float)
Time in seconds since start of
Power Quality algorithm.
8-11 Duration (float)
Time in seconds of the duration
of the detected event.
12-15 Magnitude (float)
1 - RMS Voltage
2 — RMS Voltage
3 — RMS Voltage
4 — STD of Voltage Residual
5—-%THD
6 —-Hz
7 — 3-phase Voltage Envelope
Ratio
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Bytes Description Data
Type
8 — RMS Current
9 - %THD
16-1416 Waveform ( 350 samples) | (float)
1 — Instantaneous Voltage
Envelope.
2 — Instantaneous Voltage
Envelope.
3 — Instantaneous Voltage
Envelope.

4 — STD of Voltage Residual
over STD window at each instant
t.

5 - %THD voltage computed
over harmonic time window at
each instant t.

6 — Instantaneous Frequency.
7 — Instantaneous 3-phase voltage
envelope ratio.

8 — Instantaneous Current
Envelope.

9 - %THD current computed over
harmonic time window at each
instant t.

2.31. [3FH] Meter Emulation/Service Selection

Device RD-2x RD-3x
Version Availability | 7.05.30 | 7.05.30
Valid DCAs M | |IM[A]B]C]

Meter Emulation allows the user to perform a gensymplex linear transformation on the three
phases of input potential and current. This comptesar transformation is defined as follows:

Vi =GV + GV + Cg*Vs
V' =G*Vi+ GtV + G3*Vg
Vg =Gr*Vi+ GV + G3*Vg

Al =Kyt A+ Kio*As + KA
Ay =Ko Ap+ Ky*An + Kyg*Ag
Az = Kg* Ap+ Kg*Ap + Kgg*Ag
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Where (V1,V2,V3) is the RD-3X’s complex three phas¢ential, and (A1,A2,A3) it's complex
three phase current. C being the 3x3 complex aoeffi matrix for the potential transformation,
and K the 3x3 complex coefficient matrix for thereut transformation. (V'1, V'2, V'3) the
transformed complex three phase potential, andL,(A’2, A’3) the transformed three phase
current.

There are two Meter Emulation control messagesdédyate sent to the RD.
Start meter emulation, which also contains thefeoenfts of the potential and current
transformations. Stop meter emulation, which dogscontain any data content.

The packet transmitted to the RD-xRe Start Emulation Command) will have the following
format:

Start Packet | Length Data Checksum
Type

A6h 3Fh 0091h Control Coefficient Data Xxxxh

1 byte 1 byte 2 bytes 01h 144 bytes 2 bytes

The order of the coefficient data is as follows:

Bytes Coefficient Z-Caoll Form 2S Delta Example
Example Example

0-3 Real(Gy) 1 0.5 1

4-7 Real(Gy) 0 0 -1
8-11 Real(Gs) 0 0 0
12-15 Imag(Gy) 0 0 0
16-19 Imag(&) 0 0 0
20-23 Imag(Gs) 0 0 0
24-27 Real(Gy) 1 0 0
28-31 Real(Gy) 0 0 0
32-35 Real(G) 1 0 0
36-39 Imag(Gy) 0 0 0
40-43 Imag(G) 0 0 0
44-47 Imag(Gs) 0 0 0
48-51 Real(G) 0 0 0
52-55 Real(G) 0 0 -1
56-59 Real(G) 1 0 1
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Bytes Coefficient Z-Caoll Form 2S Delta Example
Example Example
60-63 Imag(Gy) 0 0.5 0
64-67 Imag(Gy) 0 0 0
68-71 Imag(Gs) 0 0 0
72-75 Real(Ky) 1 1 0
76-79 Real(K) 0 0 0
80-83 Real(Ks) 0 0 0
84-87 Imag(K1) 0 0 1
88-91 Imag(K>) 0 0 0
92-95 Imag(Ks) 0 0 0
96-99 Real(Ky) 0 0 1
100-103 Real(K) -1 0 0
104-107 Real(Ks) 0 0 0
108-111 Imag(i,) 0 0 0
112-115 Imag(ls2) 0 0 0
116-119 Imag(i%) 0 0 0
120-123 Real(kd) 0 0 0
124-127 Real(ko) 0 0 0
128-131 Real(Ka) 1 1 0
132-135 Imag (K1) 0 0 1
136-139 Imag(i,) 0 0 0
140-143 Imag(Ks) 0 0 0

The packet being sent from the RD-xx (teeponsé would be:

Start | Packet Type| Checksum
A3h 3Fh 00E2h
1 byte 1 byte 2 bytes

The packet transmitted to the RD-xké Stop Emulation Command) will have the following format:

Start Packet | Length Data Checksum
Type

A6h 3Fh 0001h Oh xxxxh

1 byte 1 byte 2 bytes 1 byte 2 bytes

The packet being sent from the RD-xx (tesponsé would be:
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Start | Packet Type| Checksum
A3h 3Fh 00E2h
1 byte 1 byte 2 bytes

Example 1: Z-Coil, form 6

V' =CG* Vi + GV + GtV - V', =1*V,+0*V, +0*V3
Vo =G* Vi + GVo + GtV g - Vi, =1*V,+ 0%V, + 1%V
Vg =Gr* Vi + GV + GtV g - Vs =0V, +0*V,+1*V;
A =K A+ K*Ap + KigtAg --—mmemeee- Ay =1*A;+0*A, +0*A;
Ay = Ky* Ar+ Kp*Ag + Kpg*Ag --mmmmmmme- A, =0*A+-1*A, +0*A3;
Az =Kg* Ay + Kg*Ap + Kgg*Ag --mmmmmmeeee- Az =0A;+0*A, +1*A;

2.32. [40h] Flicker Meter Start/Stop

Device RD-2x RD-3x
Version Availability | 7.05.30 | 7.05.30
Valid DCAs IM | [[M]JA]B]C]|

The packet transmitted to the RD->i¢ker Meter Start) will have the following format:

Start | Packet | Length | Control PST Number | Checksum
Type Field | Measurement| of PSTs
Window to
Average
A6h 40h 0004h 0x01 0-3 XXxXxh
1 1 byte | 2 bytes 1 Byte 1 Byte 2 Bytes 2 bytes
byte
PST
Measurement Window is defined as:
0= 1min
1= 5min
2 =10 min
3 =15 min

The packet being sent from the RD-xx (tkeponség would be:

Start | Packet Type| Checksum
A3h 40h 00E3h
1 byte 1 byte 2 bytes

The packet transmitted to the RD->&i¢tker Meter Stop) will have the following format:

| Start | Packet | Length| Control Field | Checksum |
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Type
A6h 40h 0001h Oh 00E7h
1 byte 1 byte 2 byte 1 byte 2 byte

U
\"2J

The packet being sent from the RD-xx (tkeponség would be:

Start | Packet Type| Checksum
A3h 40h 00E3h
1 byte 1 byte 2 bytes

2.33. [41h] Flicker Meter Data

Device RD-2x RD-3x
Version Availability | 7.05.30 | 7.05.30
Valid DCAs M | |IM[A]B]C]

The packet transmitted to the RD-@{i¢ker Meter Data) will have the following format:

Start | Packet | Length Data Checksum
Type Option

A6h 41h 0001h 0-4 Xxxxh

1 byte| 1byte | 2 bytes 1 Byte 2 bytes

The data option definitions is as follows:
0 - Send current Pst and PIt to user

1 - Demodulated Amplitude

2 - Instant Flicker level

3- PDF

4 - CPDF

The packet being sent from the RD-xx (teseponse option Pwould be:

Start | Packet | Length | Stale Flag Pst Plt Checksum
Type

A6h 41h 9h Oold/1new TIlFloat TIFloat xxxxh

1 byte| 1byte| 2 bytes 1 byte 4 bytes 4 bytes 2sbyte

The packet being sent from the RD-xx (theponse option 1-#would be:
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Start | Packet | Length | Stale | Data Option | Checksum
Type Flag (1-4)
(Waveform)
A6h 41h 253h 0 old/1 Tl Float xxxxh
new
1 byte| 1byte| 2bytes 1 byte 252 bytes 2 bytes
2.34. J42h] Change VAR Type
Device RD-2x RD-3x
Version Availability | 7.05.30 | 7.06.00
Valid DCAs M | |[IM][A]B]C]

Copyright © 2000 Rights Reserved

The packet transmitted to the RD-X@hange VAR Typé will have the following format:

Start | Packet | Length VAR Checksum
Type Type
A6h 42h 0001h 0-5 xxxxh
1 1 byte | 2 bytes 1 Byte 2 bytes
byte
VAR Type is defined as:
0 = Voltage 90 Degree Shifted
3
VAR = j (v (t+90°))dt  and netvARh=> VARh
1 = Integral VAR
G ookt 3
VAR =—[ |i[[vi dt]dt and  netvARh =) VARh
i=1
2 = Integral VAR 50 Hz
I+ 3
VAR = 27250 " [[V dt]dt and  netVARh =) VARh
i=1
3 = Integral VAR 60 Hz
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T+ 3
VAR = ZCTGO [ and  netVARh = VARh

i=1

4 = RMS VAR

VOE (= and e
KT -7 KT °r

1 prkT
WATT, ZEI Vi1, dt and VA =||V [IO[1; I

3
VAR =.VA? ~WATT,? and  netVARh =) VARh
i=1

5 = Fundamental VAR

Nl [ Vedt and T Iy [T
KT 7 KT 77

VAR =||Vi IOl [Isin@,)

Q

3
nd netVAR=) VAR
i=1

TERMINOLOGY USED

Index “” represents thé"iphase in the poly-phase network.

V, = Potential component fundamental' flarmonic order)

E = Current component fundamentat' (iarmonic order)

V, = Generalized potential waveform (fundamental alhtiarmonics).
I, = Generalized current waveform (fundamental ahtamonics).
6 = Phase angle between the potential andmdurre

At = VAR-hour and VA-hour integration interval.

T = Fundamental period.

k = Number of fundamental periods.

w = Fundamental frequency 33, where § is the fundamental.

T = Start time of integration.

[| || = Generally represents the norm ofathee function:
1-norm (Average) or 2-norm RMS

The packet being sent from the RD-xx (teeponsé would be:
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Start | Packet Type| Checksum
A3h 42h 00E5h
1 byte 1 byte 2 bytes
2.35. [43h] Change Integration Time
Device RD-2x RD-3x
Version Availability | 7.06.00 | 7.06.00
Valid DCAs M | |[IM][A]B]C]

The packet transmitted to the RD-X@hange Integration Time) will have the following
format:

Start | Packet| Length | Integration | Checksum
Type
A6h 43h 0001h 0 — 2FFh XxXxxh
1 1 byte | 2 bytes 1 Byte 2 bytes
byte

Integration Time is an integer which representstiplels of ¥2 second reporting intervals. To
compute the new reporting interval the equationldide: Reporting Interval = (Integration +
1)*0.5 seconds.

The packet being sent from the RD-xx (theponség would be:

Start Packet Type| Checksum
A3h 43h O0E6h
1 byte 1 byte 2 bytes
2.36. [44H] Clamp-On Port Disable/Enable
Device RD-2x RD-3x
Version Availability | 7.06.00 | 7.06.00
Valid DCAs M | |[M][A]B]C]

The packet transmitted to the RD-X@l@mp-On Port Disable/Enablg will have the following
format:
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Start | Packet | Length Data Checksum
Type
A6h 44h 0001h xxh XXXxh
1 byte 1 byte 2 bytes 1 byte 2 bytes

The areas within the Data field for the RD-3x comohhave the same definition as for the RD-

2x command with the following exceptions.

The “Data” byte is described below:

Bit | Description

0 Disable 0
Enable 1

1 N/A

Copyright © 2000 Rights Reserved

The packet being sent from the RD-xx (theponsg would be: ACK with no data

Start Packet | Checksum
Type

A6h 44h Xxxxh

1 byte 1 byte 2 bytes

2.37. [50h] Change Fundamental Frequency

Device RD-2x RD-3x
Version Availability | 7.06.00 | 7.06.00
Valid DCAs IM | [[M|[A][B]|C]

The packet transmitted to the RD-X@hange Fundamental Frequencywill have the
following format:

Start | Packet | Length | Fundamental | Checksum
Type Frequency
A6h 50h 0004h 25-400 Hz| xxxxh
(T1 Float)
1 1 byte | 2 bytes 4 Bytes 2 bytes
byte

The packet being sent from the RD-xx (theponség would be:

Start | Packet Type| Checksum
A3h 50h 00E5h
1 byte 1 byte 2 bytes
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2.38. [72h] Burden Tester — Burden Test

Device RD-2x RD-3x
Version Availability | 7.07.00 | 7.07.00
Valid DCAs M | |[IM]JA]B]C]

The function of this message is to initiate a bartést in the RD-xx.

The packet transmitted to the RD-Bufden Test - Stop State) will have the following format:

Phase Start Packet Length Data | Checksum
Type
RD-2x A6h 72h 0001h 00h 0119h
RD-3x: A | B6h 72h 0001h 00h 0129h
RD-3x: B | Cé6h 72h 0001h 00h 0139%h
RD-3x: C| D6h 72h 0001h 00h 0149h
1 1 byte 2 bytes 1 byte 2 bytes
byte

The packet transmitted to the RD->Bufden Test -Start State) will have the following format:

Phase Star| Packet Lengt Data Data Checksu
t Type h Bytel Byte2 m
RD-2x A6h 72h 0002h 01lh Mask XXXXh
RD-3x: A B6h 72h 0002h 01h Mask XXxXh
RD-3x: B C6h 72h 0002h 01lh Mask XXXXH
RD-3x: C D6h 72h 0002H 01h Mask XXxxHh
1 1 byte 2 1of2 20f2 2 bytes
byte bytes bytes bytes
Mask 8 bits (Binary Burden Value
Coding) (ohms)
00000000 0.0
00000001 0.1
00000010 0.2
00000100 0.5
00001000 1.0
00010000 2.0
00100000 4.0
01000000 8.0

Note: To measure perform measurements over alelowedlues the Mask Code would be 7Fh
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The packet being sent from the RD-xx (theponség would be:

Phase Start] Packet Checksum
Type
RD-2x A3h 72h 0112h
RD-3x: A| B3h 72h 0122h
RD-3x: B| C3h 72h 0132h
RD-3x: C| D3h 72h 0142h
1 1 byte 2 bytes
byte
2.39. [73h] Burden Tester - Demagnitization
Device RD-2x RD-3x
Version Availability | 7.07.00 | 7.07.00
Valid DCAs M | [[M|[A][B]|C]

The function of this message is to initiate a demitagation of transformer core in the RD-xx.

The packet transmitted to the RD->Bg@magnitization) will have the following format:

Phase Start| Packet Length | Checksum
Type
RD-2x | A6h 73h 0000h 0119h
RD-3x: A | B6h 73h 0000h 0129h
RD-3x: B| C6h 73h 0000h 0139h
RD-3x: C| D6h 73h 0000h 0149h
1 1 byte 2 bytes 2 bytes
byte
The packet being sent from the RD-xx (theponség would be:
Phase | Start| Packet Checksum
Type
RD-2x | A3h 73h 0116h
RD-3x: A| B3h 73h 0126h
RD-3x: B| C3h 73h 0136h
RD-3x: C| D3h 73h 0146h
1 1 byte 2 bytes
byte
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2.40. [74h] Burden Tester — Status
Device RD-2x RD-3x
Version Availability | 7.07.00 | 7.07.00
Valid DCAs M | |[IM]JA]B]C]

The function of this message is to determine thrddruhardware & testing state.

The packet transmitted to the RD-X&t@tus) will have the following format:

Phase | Start| Packet Length | Checksum
Type
RD-2x | A6h 74h 0000h 011Ah
RD-3x: A | B6h 74h 0000h 012Ah
RD-3x: B| C6h 74h 0000h 013Ah
RD-3x: C| D6h 74h 0000h 014Ah
1 1 byte 2 bytes 2 bytes
byte
The packet being sent from the RD-xx (tkeponség would be:
Phase | Start| Packet | Length | Data | Data Byte2 Data | Checksum
Type Bytel Byte3
RD-2x | A6h 74h 0003h| Status Temperatuf@amp/Fan  xxxxh
RD-3x:| B6h 74h 0003h| Status Temperatui@amp/Fan  xxxxh
A
RD-3x:| C6h 74h 0003h| Status Temperatu@amp/Fan  xxxxh
B
RD-3x:| D6h 74h 0003h| Status Temperatu@amp/Fan  xxxxh
C
1 1 byte | 2byteg 1of3| 2of3bytes 30of3 2 bytes
byte bytes bytes

Note:

Temperature is in degress C with 1 degreements (range: +-128 degrees C).
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Status 8 bits (Binary Indication
Coding)
00000000 No Burden Tester Connected
00000001 Over Temperature Detected
00000010 Over Burden Detected
00000100 Process Busy
00001000 Burden Tester Cooling
00010000 Burden Tester Connected
00100000 Resister Failure
01000000 Test Complete
10000000 Continuity Failure
Clamp/Fan 8 bits (Binary Indication

Coding)

00000001 Clamp Connected = 1

00000010 Fanon=1

00000100 — 10000000 NOT USED

2.41. [75h] Burden Tester — Burden Test Results
Device RD-2x RD-3x
Version Availability | 7.07.00 | 7.07.00
Valid DCAs M | [[M|A|[B]|C]|

The function of this message is to retreive ther&nt measurement” data for the last burden test
executed.

The packet transmitted to the RD-Bufden Test Result3 will have the following format:

Phase Start Packet | Length | Checksum
Type

RD-2x A6h 75h 0000h 011Bh

RD-3x: A| B6h 75h 0000h 012Bh

RD-3x: B| C6h 75h 0000h 013Bh

RD-3x: C| D6h 75h 0000h 014Bh

1 byte| 1 byte 2 bytes| 2 bytes
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The packet being sent from the RD-xx (theponség would be:

Phase Start | Packet Length Data (4 Bytes / Checksum
Type Measurement)

RD-2x A6h 75h 0020h Current at ith Burden XXXXH
RD-3x: A | B6h 75h 0020h Current at ith Burdern XXXXH
RD-3x: B Cé6h 75h 0020h Current at ith Burden Xxxxh
RD-3x: C D6h 75h 0020h Current at ith Burden XXXXh

1 byte| 1 byte| 2 bytes 32 Bytes (4x8 2 bytes
measurements)

Data Word (4
Bytes)

Curent Measure at Burden Value
(ohms)

0.0

0.1

0.2

0.5

1.0

2.0

4.0

N[OOI WN RO

8.0
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2.42. [79h] Standard / Meter Test Status — Type2

RD-2x
7.07.00
(M

RD-3x
7.07.00
(M [A[B[C]

Device
Version Availability
Valid DCAs

Copyright © 2000 Rights Reserved

The function of this message is to retreive theitadividual metrics (phase A,B,C) measured
during a test in which a totalized metric was meadiphase A + B + C).

The packet transmitted to the RD-x&t@ndard/Meter Test Status — Type2will have the

following format:

Phase Start|] Packet Length | Checksum
Type
RD-2x A6h 79h 0000h 011Fh
RD-3x: A | B6h 79h 0000h 012Fh
RD-3x: B| C6h 79h 0000h 013Fh
RD-3x: C| D6h 79h 0000h 014Fh
1 1 byte 2 bytes 2 bytes
byte

The packet being sent from the RD-xx (tBsponsé would be:

D

Phase | Startj{ Packet | Length Data (4 Bytes / | Checksum
Type Metric)

RD-2x | A6h 79h 000Ch  Metric for A,B,C XXXxh

RD-3x: | B6h 79h 000Ch|  Metric for A,B,C xxxxh
A

RD-3x: | C6h 79h 000Ch  Metric for A,B,C xxxxh
B

RD-3x: | D6h 79h 000Ch|  Metric for A,B,C xxxxh
C

1 1 byte 2 bytes 12 bytes 2 bytes
byte
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2.43. [7Bh] Burden Tester — Phase Measurement Test Resslt
Device RD-2x RD-3x
Version Availability | 7.07.00 | 7.07.00
Valid DCAs M | |[IM]JA]B]C]

The function of this message is to retreive thea'§ghmeasurement” data for the last burden test
executed.

The packet transmitted to the RD-Bh@ase Measurement Test Resultsvill have the
following format:

Phase Start Packet Length | Checksum
Type
RD-2x A6h 7Bh 0000h 0121h
RD-3x: A | B6h 7Bh 0000h 0131h
RD-3x: B| C6h 7Bh 0000h 0141h
RD-3x: C| D6h 7Bh 0000h 0151h
1 1 byte 2 bytes 2 bytes
byte

The packet being sent from the RD-xx (theponség would be:

Phase Start | Packet Length Data (4 Bytes / Checksum
Type Measurement)

RD-2x A6h 75h 0020h Phase at ith Burden XXXXM
RD-3x: A | B6h 75h 0020h Phase at ith Burden XXXXh
RD-3x: B | C6h 75h 0020h Phase at ith Burden XXXXh
RD-3x: C | D6h 75h 0020h Phase at ith Burden XXXXN

1 byte| 1 byte| 2 bytes 32 Bytes (4x8 2 bytes
measurements)

Data Word (4 Phase Measure at Burden Value (ohms

Bytes)

0 0.0

1 0.1

2 0.2

3 0.5
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2.44. [7Ch] RD-3x Metric Read — Vector, Volt, Amp

Device RD-3x
Version Availability | 7.06.00
Valid DCAs IMJA[B]|C]

The packet transmitted to the RD-JR-3x Metric Read — Vector, Volt, Amp) will have the

following format:

Start | Packet Type | Length| Checksum

AGh 7ch 0000h xxxxh

1 byte 1 byte 2 bytes 2 bytes

The packet being sent from the RD-3x (tksponség would be:

Start Packet Length Data Checksu
Type m
A6h 7Ch 0054h Vector, Volt,| xxxxh
Amp Metrics in
Tl floating
point format
1 byte 1 byte 2 bytes 84 bytes 2 bytes

The Vector, Volt, Amp Metrics and their offsets ate@wn in Section 4.2, Table 2.1.

Title: Customer Access Commands Manual for the RD-xx
Family

Document ID: 944011.A

Page 70 of
78




Radian Research, Inc. 2009-05-28 Copyright © 2000 Rights Reserved

3. Sample Code

3.1.Checksum calculating

unsigned int CalculateChecksum(char *data, int)size

{

unsigned int checksum = 0;

for (int index = 0 ; index < size; index++)
checksum += ( (unsigned int)data[index] ) 0

return checksum & Oxffff;

}

3.2.Float Point Format on the RD

The TMS320VC33 Digital Signal Processor used inRBexx uses a different format than IEEE
to represent floating point numbers. The DSP asd’-bit exponent, 1-bit for sign, and a 23-bit
mantissa. The IEEE format uses 1-bit for sign84doit exponent, and a 23-bit mantissa.

The DSP format:
Bits 31 24| 23 22 0
Exponent Sign| Mantissa

The IEEE format:
Bits 31 | 30 23 22 0
Sign Exponent Mantissa

The DSPexponent is expressed in twos-complement format. A spexdaé occurs when the
exponent = -128. In this case the number is interpreted, asdependent of the value of thign
andmantissa. Normally a number is treated as zero whemthetissa is zero. Theamantissa is
expressed in twos-complement form, with the birgoint after the most significant non-sign bit.
Since this bit is the complement of thgn bit, it is not included; thenantissa actually has 24
bits. Thesign bit when set indicates a negative value.

The IEEEexponent is expressed in an offset-by-127 format. (Theaaxponent is exponent-
127.) Themantissa has 23 bits. When set, tHgn bit indicates a negative value.

For a more information on converting between thesetypes of floating point formats, consult
the Texas Instruments TMS320C3X General-Purposdiegtipns User’'s Guidender the
section titled EEE/TMS320C3X Floating-Point Format Conversion.

A possible routine to handle the conversion from@SP floating-point format to the IEEE
floating point format is shown on the following ey
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3.3.Floating Point Conversion Routines

Il
/I Copyright, ©, 2000-2004 Radian Research, Inc.
/I References: TMS320C3x User's Guide 1997

1 5.4.1 Converting IEEE Format to 2s-Complement

1 TMS320C3x Floating-Point Format

1

/I Note: 1) These Routines assumegI&iPrecision (32-bit)
1 floating point numbers with conversion done on
1 a PC.

I 2) De-normalized numbers are numbers such ag +D.
I 3) Not-a-Number (NaN) are numbers such as rityfi
I or -infinity.

I 4) These routines cahbgtes to Tl float and TI

I float to bytes.

1

float DDeviceMemStructs::bytesToFloatTMS320(chaats

{
byte* pByte = (byte*)data;

/I Check for special cases
if ((pByte[0] == 0x80) || (pByte[0] == 0x81))
{

/I 2s-complement O maps to 0
/I 2s-complement number too small for IEREnbers
return(0.0);

}

if ((pByte[0] == 0x7f) && (pByte[1] == 0x7f) && (pByte[2] == 0xff) && (pByte[3] == 0xff))
return(FLT_MAX);

/I Get the mantissa from the data array

/I DSP uses 23 bit LSB mantissa

unsigned long mantissa = (((unsigned long)da&[ax7f) << 16) |
(((ipzed long)data[2] & Oxff) << 8) |

((uised long)data[3] & 0xff);

/I True if negative values
bool negMantissa = (data[1] & 0x80) != 0; /g8iin msb of 2nd byte

if (((byte)data[0] == 0x7f) && negMantissa && (amtissa == 0))
{

/I most negitave 2s-complement numbers tdlestanegative IEEE
return(FLT_MAX * -1);
}

/I Get the exponent from the data array
unsigned long value;
unsigned long exponent = (unsigned char)(da&[0kff); // DSP uses MSB 8 bit 2's compliment exent
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Floating Point Conversion Routines
(continued)

if (negMantissa == false)

{
/I positive 2s-complement number to positkEE number.
value = (((exponent + Ox7F) << 23) | mandiss&x 7 fffffff;

else if (mantissa != 0)

{

/I negative 2s-complement numbers with no Zexctions to same IEEE number.
value = ((~mantissa) + 1) & Ox7fffff;
value |= 0x80000000 | ((exponent + 0x7f) 8%; 2

}

else

/I negative 2s-complement numbers with aa6tion.
value = 0x80000000 | ((exponent + 0x80) <¥ 23

}

/I Convert to float w/o modifying bits
float ret;
memcpy(&ret, &value, 4);

if ((ret > MAXSAFEVALUE) || (ret < MINSAFEVALUE)
ret = SAFEVALUE;
}

return(ret);
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Floating Point Conversion Routines
(continued)

void DDeviceMemStructs::floatToBytesTMS320(floatue, char *data)
{

unsigned long uValue;

unsigned long mantissa;

unsigned long exponent;

bool negMantissa; // True if negative values

memcpy(&uValue, &value, 4); // Convert fromdlow/o modifying bits

exponent = (uValue >> 23) & Oxff;
mantissa = uValue & Ox7fffff;
negMantissa = (uValue & 0x80000000) != 0;

I/l Special cases
if (exponent == 0xff) // NAN
{
exponent = Ox7f;
mantissa = negMantissa ? 0 : Ox7fffff; // atge / positive infinity

else if (exponent == 0) // denormalized numbers
{

exponent = 0x80;

negMantissa = false;

mantissa = O;

}

else
if (negMantissa) // Negative number

if (mantissa)
{
mantissa = ~mantissa + 1; // convet's compliment
exponent -= Ox7f;
}
else
exponent -= 0x80;
}
else
exponent -= 0x7f;
}

/I Pack number into bytes
data[0] = (char)exponent;
data[1] = (char)((mantissa >> 16) & 0x7f);
if (negMantissa)

data[1] |= (char)0x80;
data[2] = (char)((mantissa >> 8) & Oxff);
data[3] = (char)(mantissa & Oxff);
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4. Appendices

41.TABLE 1: Instantaneous Metrics Table

The Instantaneous Metrics and their offsets argvatmelow (Indices 0 and 11 through 16 are
available in Rel. 06.00.41 and later).

[Index | Offset | Metric |
0 08h Neutral Current Calculation (A)
1 14h Volts (V)
2 18h Amps (A)
3 1Ch Watt (W)
4 20h Volt-Amps (VA)
5 24h VAR
6 28h Frequency (Hz)
7 2Ch degrees Phase (oP)
8 30h Power Factor (PF)
9 34h Analog Sense (ASn)
10 38h Delta Phase (doP)
11 3Ch Delta Volts (dV)
12 40h Delta Watts (dW)
13 44h Delta VA (dVA)
14 48h Delta VAR (dVAR)
15 4Ch Cross-connected Delta VAR (xdVAH)
16 50h Cross-connected Wye VAR (xyVAR
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4.2. TABLE 2: Accumulated Metrics Table

The Accumulated Metrics and their offsets are shbelow (Index 12 and indices 14 through 25
are available in Rel. 06.00.41 and later).

[Index | Offset | Metric |
0 04h Watt Hours (Wh)

1 08h VAR Hours (VARh)

2 0Ch Q Metric Hours (Qh)

3 10h Volt-Amp Hours (VAh)

4 14h Volt Hours (Vh)

5 18h Amp Hours (Ah)

6 1Ch Volt Squared Hours (V2h)

7 20h Amp Squared Hours (A2h)

8 24h Watt Hours Plus (Wh+)

9 28h Watt Hours Minus (Wh-)

10 2Ch VAR Hours Plus (VARh+)

11 30h VAR Hours Minus (VAR-)

12 34h Delta Watt Hours (dwWh)

13 38h Accumulated time (t)

14 3Ch Delta VA Hours (dVAh)

15 40h Delta VAR Hours (dVARh)

16 44h Cross-Connected Delta VAR Hours (xdVARh)

17 48h Cross-Connected Wye VAR Hours (xyVARNh)

18 4Ch Delta Watt Hours Positive (dWh+)

19 50h Delta Watt Hours Negative (dWh-)

20 54h Delta VAR Hours Positive (dVAR+)

21 58h Delta VAR Hours Negative (dVARh-)

22 5Ch Cross-Connected Delta VAR Hours Positive &BYi+)
23 60h Cross-Connected Delta VAR Hours Negative xdW-)
24 64h Cross-Connected Wye VAR Hours Positive(xyWAR
25 68h Cross-Connected Wye VAR Hours Positive(xyWAR
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4.2.1. TABLE 2.1: Vector, Volt, Amp Metrics Table

The Vector, Volt, Amp Metrics are shown below.

[Index | Metric
0 Angle <Va,Vb> (deg)
1 Angle <Va,Vc> (deg)
2 Angle <Va,la> (deg)
3 Angle <Va,lb> (deg)
4 Angle <Va,lc> (deg)
5 Angle <Vb,Vc> (deg)
6 Angle <Vb,la> (deg)
7 Angle <Vb,lb> (deg)
8 Angle <Vb,lc> (deq)
9 Angle <Vc,la> (deg)
10 Angle <Vc,Ib> (deg)
11 Angle <Vc,Ic> (deg)
12 Angle <la,lb> (deg)
13 Angle <la,lc> (deg)
14 Angle <Ib,lc> (deg)
15 Va (Volts RMS)
16 la (Amps RMS)
17 Vb (Volts RMS)
18 Ib (Amps RMS)
19 Vc (Volts RMS)
20 Ic (Amps RMS)
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Harmonic Data Table

These values are read from RD-xx DSP internal mgmor

CAUTION: The DSP address sent is the actual offstte table divided by 4 (All objects in memomga

stored with 32-bits per address).

For RD-2x Versions 2.02-5.99, and RD-2x/3x Versi6i€03.40 and greater:

Offset Length Format Description
(in bytes)

00h 4 Tl float (4 bytes)] Amplitude Harmonic order 1
04h 4 Tl float (4 bytes)] Phase Harmonic order 1
08h 4 Tl float (4 bytes)] THD
0Ch 4 Tl float (4 bytes)] Amplitude Harmonic order 2
10h 4 Tl float (4 bytes)] Phase Harmonic order 2
14h 4 Tl float (4 bytes)| Distortion
18h 4 Tl float (4 bytes)] Amplitude Harmonic order 3
1Ch 4 Tl float (4 bytes)] Phase Harmonic order 3
20h 4 Tl float (4 bytes)| Distortion
0 0 ) )
0 0 ) )
24Ch 4 Tl float (4 bytes) Amplitude Harmonic ord€r
250h 4 Tl float (4 bytes) Phase Harmonic order 50
254h 4 Tl float (4 bytes) Distortion

4.4 . TABLE 4: Waveform Data Table

NOTE: These values are read from RD-xx DSP intemminory. The samples are stored every A/D Sample
Period.

CAUTION: The DSP address sent is the actual offs#ie table divided by 4 (All objects in memomga

stored with 32-bits per address).

Offset Length Format Description

(in bytes)
00h 4 Tl float (4 bytes)| Voltage Sample (t)
04h 4 Tl float (4 bytes)| Voltage Sample (t + 1)
08h 4 Tl float (4 bytes)| Voltage Sample (t + 2)
0 0 @) )
0 0 @) )
(N/2 — 4)h 4 Tl float (4 bytes) Voltage Sample (N#2)
(N/2)h 4 Tl float (4 bytes)| Current Sample (1)
(N/2 + 4)h 4 Tl float (4 bytes) Current Sample (1)}+
(N/2 + 8)h 4 Tl float (4 bytes) Current Sample @)}
0 0 @) )
0 0 @) )
(N —4)h 4 Tl float (4 bytes) Current Sample (t 2N

Where t is the current sample, t — 1 is the nextpde, and N is the size of the Waveform Capture
memory block.

Title: Customer Access Commands Manual for the RD-xx

Family

Document ID: 944011.A] Page 78 of

78




