Table 14—Command frame organization

Command word bits

Definition

Bits 15-0:

0000 0000 0O0D 0001

Tum off wansmission of data frames.

0000 0000 D000 0010

Tum on transmission of data frames

0000 0000 0000 0011

Send HDE. frame

0000 0000 0O0D 0100

Send CFG-1 frame.

0000 0000 0000 0101

Send CFG-2 frame.

0000 0000 000D 0110

Send CFG-3 frame (optional command).

0000 0000 0000 1000

Extended frame.

OO0 0000 mxmx Tumy

Al undesignated codes reserved.

0000 yyyy XXxx Xxxx

Al codes where yyyy £ 0 available for user designaton.

ZZEZ NEXX XXX KERX

All codes where zzzz £ 0 reserved.

PDC
/pdc

L. MydVWL valabase
me/different machine
(./dbserver)

No Field {hs:::ﬂ Comment
1 SYHC 2 Sync byte followed by Same type and version munber (AA4] hex).
2 FPAMESIFE 2 MNumber of bytes in frame, defined in §.2
3 I ODE 2 PAMUPDC ID data stream number, 18-bit integer, defined in 6.2,
4 S00C 4 S0C time stamp, defined in §.2.
5 FRACSEC 4 Fraction of Second and Time Cruality, defined in §.2.
] CMD 2 Command being sent to the PAUEDC (0.
7 EXTFRAME 045518 | Extended frame data, 16-bit words, § to 65518 bytes as indicated by frame
size, data user defined.
g CHE 2 CRC-CCITT.
1. Command to send CFG
2. CFG Frame
3. Command to send Data
PMU
(./pmu

4. Data Framesf

5. Command to send put off Data
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Table 5—Data frame organization

Table 6—Word definitions unique to data frames

Field

Size (bytes)

Comments

SYNC

=

Firstbyte: AA hex
Second byte: 01 hex (frame is version 1, IEEE Std C37.1138-2005 [BE])

STAT

5

Bit mapped flags
Bit 15-14: Data ermor: ) = good measurement data, no ermors

01 = PMU error. No information about data

10 = PMU in test mode {do not nse values) or

abzent data tagr have besn mserted (do not use vahies)

11 = PMU emor (de not nse valuas)
Bit 13: PMU sync, O when in sync with a UTC raceable ime source
Bit 12: Data sorting, § by time stamp, 1 by armival
Bit 11: PMU trigger detected, 0 when no trigger
Bit 10: Configuration change, sat to 1 for 1 min to advise confisuraton will change, and

clear to 0 when change effected.
Bit 09: Data medified, 1 if data modified by post processing, O otherwise
Bits 08-04: MU Time Quality. Refer to codes in Table 7
Bits 05-04: Unlocked time: () = sync locked or unlocked = 10 s (best quality)
01= 10 < nnlecked time < 100 5
10 = 100 = < unlock time < 1000 5
11 =unlocked time = 1000 =

Bits 03-00: Trizger reason:
1111-1000: Available for user definition
0111: Digital 0110 Reserved
0101: df'dt High 010 Fraquency high or low
011: Phase angle diff 0010: Magnitude high
0001 Maznitude low 00:00: Manual

No. Field Size (bytes) Comment

1 S5YHNC 2 Sync byte followed by frame rype and version number.

2 | FRAMESIEE 2 Number of bytes in frame, defined in 6.2.

3 IDCODE 2 Stream source ID number, 16-bit integer, defined in 6.2.

4 S00C 4 S0C time stamp, defined in §.2, for all measurements in frame.

5 FRACSEC 4 Fraction of Second and Time Cmality, defined in 6.2, for all
measurements in frame.

1] STAT 2 Bit-mapped flags.

7 | PHASORS 4 « PHNME. | Phasor estimates. May be single phase or 3-phase positive, negative, or

or zero sequence. Four or 8 bytes each depending on the fixed 16-bit or
& = PHNME. | floating-point format used, as indicated by the FORMAT field in the

configuraton frame. The number of values is determined by the PHMNME
field in confipuration 1. 2, and 3 frames

3 |FREQ 24 Frequency (fixed or floating point).

0 |DFREQ 274 ROCOF (fixed or floating point).

10 |ANALOG 2 = ANNME | Ansalog data, 2 or 4 bytes per value depending on fixed or Soating-point

or format nsed, as indicated by the FORMAT field in configuration 1, 2, and
4 = ANNME. | 3 frames. The number of values is determined by the ANNME. Geld in

confizuraton 1, 2, and 3 frames.

11 | DIGITAL 2« DMGWME. | Digital data, usnally representing 16 digital status points {channels). The
mumber of valnes is determined by the DGENME field in configuraton 1,
2, and 3 frames.

Repear 6-11 Fields 6-11 are repeated for as many PMUs as in WUM_PMU field in
confizuratdon frame.
12+ | CHEK 2 CRC-CCITT

PHASORS

Drata type indicated by the FORMAT field in configuration 1, 2, and 3 frames
1d-bit integer valuoes:

Rectangular format:

—real and imaginary, real valos Srst

—14-bit signed integers, range —32 747 to +32 747

Palar formar:

—magnimde and angle, magnimde first

—magnitde 1§-bit umsigned intager range §f to 65535

—angle 16-bit signed integer, in radizns « 10°, ranga —31 416 1o +31 414
32-bit values in IEEE floating-point format:

Rectangular farmat:

—real and imaginary, in engineening units, real vahie first

Palar formai:

—magnimde and angle. magnimde first and in engineering units

—anzle in radians, ranse —mio +w

FREQ

[
S

Freguency deviation from nominal in mHz

Range-nominal (50 Hz or 60 Hz) -32.767 to +32.767 Hz

1d-bit integer or 32-bit floating point

16-bit integer: 16-bit signed integers, range —32 7467 to +32 747

32-bit floating peint: acteal frequency value in IEEE flosting-point format.
Drata rype indicated by the FORMAT field in confizuration 1, 2, and 3 frames

DFREQ

[
S

R.OCOF, in hertz per second times 100

Ramge —327.67 to +327.67 Hz per second

Can ba 14-bit integer or [EEE floating point, same a5 FREQ above Data type indicated
by the FORMAT field in configuration 1, 2, and 3 frames

ANALOG

[
S

Analog word. 16-bit imteger. It could be sampled data such as control signal or
ransducer value. Values and ranges defined by nser

Can ba 16-hit integer or IEEE floating point. Data type indicated by the FORMAT field
in configuration 1, 2, and 3 frames

DIGITAL

[

Drigital stams word. It conld be bit mapped stams or flag. Values and ranges defined by
sEr.
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Table 9—Word definitions unigue to configuration frames 1 and 2

Field Size Description

(bytes)
SYNC 2 First byte: AA hex
Second byte: 21 hex for configuration 1
31 hex for configuration 2
Both frames are version 1 (IEEE 5td C37.118-2005 [B&T)

TIME_BASE 4 Fesoluton of the fractionzl second dme stamp (FEACSEC) in all frames.

Bitz 31-24: Reserved for flags (high § bits).

Bits 23-0: 24-bit unsizned integer, which is the subdivision of the sscond that the
FRACSEC is based on.

The actual “fractional second of the data frame™ = FRACSEC / TIME_BASE.

NUM_PMU

[

The number of PAMUs included in the data frame. Mo limit specified. The acmal limit
will be determined by the limit of 5 535 bytes in one Fame (“FEAMESIZE™ field).

5TH 16 Station Name— 16 bytes in ASCII format.

IDCODE 2 Drata stream ID number, 16-bit integer. defined in 6.2, It identifies the data smeam in
field 3 and the data source in fields 9 and higher. Field 3 identifies the stream that is
being received. The IDCODE: in field 9 (and higher if more than one PMIT data is
present) identify the original source of the data snd will usually be associated with a
particular PAMIU. The IDCODE: in a dara sream received directly from a PMU will
usnally be the same.

FORMAT

b3

Diata format in data frames, 16-bit flag.

Bitz 15—4: Unnsad

Bit 3: 0 = FREQ'DFREQ 16-bit integer, 1 = floating point

Bit 2: 0 = analogs 16-bit infeger, 1 = floating point

Bit 1: 0 = phasors 15-bit infeger, 1 = floating point

Bit 0: 0 = phasor real and imaginary (rectangular), 1 = magnitde and angle (polar)

PHNMER Humber of phasors—2-byte inteper.

ANNME Fumber of analog values—2-byte integer.

b ba ks

DGHNME Humber of digital stams words—2-byte integer. Digital stams wards are normally 16-bit
Boolean oumbers with each bit representing a digital statns channel measured by a

P, A digieal stams word may be used in other nser-desiznated ways.

CHMAM 16 Phasor and channel names— 16 bytes for each phasor, analog and digital stams word in
ASCH format in the same order as they are ransmitted.

PHUNIT 4 Conversion factor for phasor channels. Four bytes for each phasor.

Most significant byte: 0—voltage; 1—current.

Least significant bytes: An unsigned 24-bit word in 1".}_5 W or amperes per bif fo scale
16-bit integer data (if mansmirted dam is in fleating-point format, this 24-bit value shall
be izmored).

AMNUNIT 4 Conversion factor for analeg channels. Four bytes for each analog value.

Most significant byte: §—single point-on-wave, 1—mms of anzlog input,

1—peak of analog input, 5—§4—reserved for future definidon; §3-255—user definable.
Least significant bytes: A signed 24-bit word, user defined scaling.

DIGUNIT 4 Mack words for digital status words. Two 16-bit words are provided for each digitsl
word The first will be used 1o indicate the normal stams of the digital inputs by
returning a 0 when exclusive OFRed C{OR) with the stams word. The second will
indicare the current valid inpurs to the PAMU by having a bit et in the binary positon
comesponding to the digital input and all other bits set to 0. Ses NOTE.

FHNOM

b

Mominal line frequency code (16 bit unsigned integer)

Bitz 15-1 Fesamvad

Bit 0: 1 —Fundamental frequency = 50 Hz
0—Fundamental frequency = 60 Hz

DATA FATE

(=]

Flate of phasor data transmissions—2-byte integar word (-32 7467 o +32 T67)
IfDATA _FATE = 0, rate is mimber of frames per second.

IfDATA FATE = 0, rate is negative of seconds per frame.

Eg DATA RATE = 15is 15 frames per second; DATA FATE =-35 iz | frame per

55

CFGCNT

ka

Configuration changs count is incremented each time a changze is made in the MU
confizuration. { is the factory default and the inirial valuwe. Thiz count identifies the
mumber of changes in the configuration of this message simeam. The count will be the
same in all configuration messages (CFG-1, CFG-2, and CFE-3) for the :ame massage
TEVisign.

WOTE—If digital status words are used for something other than Boolean status indications, the nse of masks is left to
the user, such as min or max seiings.
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Table D.1—Data message example

Field Short description Example emtry (hS;:s}l Hu:;il:::mal
5YNC Synchronization and Frame Format Drata Frame, Varsion 1 2 A4 01
Field
FRAMESIZE | Total nurmber of bytes in this frame. 52 bytes in this fame 2 00 34
MCODE PMUPDC data stream IT mambar, 7734 2 1E 3§
1 §-hit integer, 165334,
S0LC Second count (UTWIX time, starting Q00 AN on &/62008 = 4 44 85 36 00
midnizght 01-Tan- 1970 neglecting leap | 1 149 580 300
seconds)
FRACSEC Time of phasor measurement in Nt a leap second, none 4 00034181
microseconds with Time CQuality pending; time locked. 16817 ps
after the second mark
5TAT Bit mapped flags: Drata valid oo PO ermor, 2 00 0d
Diata valid?, PMUOE?, PAMU sync?, | PMU sync, data soried by tme
Diata align by time?, PAMU Trigger?, stamp, no PAU migger, best
Flesaryad, ame quality
Time Emor, Trgzer Cause
FHASOERS Phazor data, 16-bit integer, rectangular | VA = 14 §35 £ 0° 4 39 B 00 00
format. The first two bytes confain the (= 134.0EV £ 07)
real part of the phasor and the sacond
PR Comiain the maginary part VE = 14 635 £ -120° 3 E3 6A CE 7C
=1340EV £ -1207)
VC =14 635 £ 120° 4 E3 A 31 &3
=1340kV £ 120%)
I1 = 1092 £ 07 4 04 44 00 00
(=500 A £ 0%
FRED 1§-hit sizned integer. Freguency +2500 mHz 2 08 C4
deviation from nominal in mHz (nomingl §0 Hz with measored
42.5 Hz)
DFEEQ BOCOE. 2 g
AMALOG 32-bit floating point. ANATLOGL = 100 4 42 CE 00 00
AWATOG? = 1000 4 44 7A 00 0D
ANATOGI = 10000 4 44 1C 40 00
DIGITAL Digital data, 1§-bit bit Selds. 0011 1100 0001 0010 2 3C 12
CHE CRC-CCITT — 2 D4 3F
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Table D.2—Configuration message example

Table D.2—Configuration message example (continued)

) - Size Hexadecimal
Field Short description Example (btes) value
SYMC Synchronization byte and version Configuration Frame 2 2 AA431
mumber. Version 1
FEAMESIZE | Mumber of bytes in frame. This fame contains 454 bytes 2 01 Ch
=L ODE FMU/PDC data smesm ID mumbsr, 7734 2 1E 34
1d-hit infeger, 1-63534.
50C S0C time stamp (UNDY tme, starting | 8:00 AM on 662006 = 4 448517FD
midnizght (1-Jan-1970). 1149 577 200
FRACSEC Fraction of second with Time Cuality. | Leap second peading, to be 4 560710098
deleted clock unlocked but
within 100 ps. Fractional time
150463 s
TIME_BASE | Flag and divisor for time stamping the | 1 000 000 ps 4 00 0F 4240
data.
WUM_PMU | The mumber of PAMUs included m the | Data from 1 PMU 2 0o 0l
data frame
5TH Station Name—16 bytes in ASCT The station name for this 14 53746174
format. example is: 9 6F 6E 20
“Station A 41202020
20202020
IDCODE PMUPDC data source ID nurnber, 7134 2 1E 3§
1d-hit infeger, 1-63534.
FORMAT Diata format within the data frame Fhasors are reprezented nsing 2 0004
rectangular coordinates and
16-bit integers. Analogs are
32-bit floating-point mumbers.
PHMME Humber of phasors—2 byie integer This example contains 2 0o o4
{0 1o 32 76T 4 phasors
ANNME. Humber of analog valuss— This example contains 2 0o a3
2 byte integer 3 analog valuas
DGHME Mumber of digitl stams words— This example contains 1 set 2 oo ol

2 byie integer

of binary data

I

Field Short description Example {Ig:::s] Hu::le':elm !
CHNAM Phasor and channel names— 16 bytas The first phasor name is: 15 56412020
for each phasor, analog, and digital WA - 20202020
channel in ASCI format in the same 20 2020 20
order as they are mansmitted. 20202020
The zecond phasor name is: 15 56422020
“NB " 202020 20
20 20 20 20
20 20 20 20
The third phasor name is: 15 5643 2020
WC ” 20202020
202020 20
20 20 20 20
The fourth phasor name is: 14 49 31 20 20
“I1 = 202020 20
20202020
20 2020 20
The first analog name is: 15 41 4E 41 4C
CANATLOGL T 4F 4731 20
20 2020 20
202020 20
The :2cond analog nsme is: 14 41 4E 41 4C
“ANALOGZ 7 4F 473220
20 20 20 20
20 20 20 20
The third analoz name is: 15 41 4E 41 4C
CAMNALOGE 4F 4733 20
202020 20
20 2020 20
Digiral channel 1 Label is: 14 42 524541
“BREAEEF. 1 STATUS" 4B 45 52 20
312053 54
41 54 55 53
Digital channel 2 kabel is: 15 42524541
“BREAEER 2 STATUS™ 4B 45 52 20
322053 54
41 5455 53
Digital channel 3 label is: 16 42 524541
“BEREAEER 3 STATUS™
Digital channel 4 Label is: 15
“BEREAKER 4 STATUS™ 4B 45 51 20
342053 54
41 54 55 53
Diigiral channel 5 Label is: 14 42 5245 41
“BREAEER 5 STATUS™ 4B 45 52 20
352053 54
41 54 55 53
PHUNIT Conversion factor for phasor channels. | Factor = 813327 4 000D FE 47
PhazorMAG = PHUNIT 3= 0.00001 Factor = 915527 4 00 0D FE 47
Vieltage PHUNIT = Factor = 815527 4 00 0D F8 47
(300 DDO/3ITEE) = LOE+S Factor = 45776 4 [0100B2D0
Current PHUNIT =
| (15 DO032T68E) = 10E+5
ANUNIT Conversion factor for analog channels. | This analog is an 4 00 00 0001
Becsmse the anslogs are repressnted “instantaneouns " sampls of 2
by floating-point conversion factor is point on the input waveform
unity (or simply not wsed). This analog is a0 mms 0l 00001
caloalation
This analog is a peak 02 00 0D 01
caloalation
DIGUNIT Mfack words for digital statas words. First maszk: MNommal swmate is 0 00 00 FF FF
for all bits
Second maszk: All 1§ bits are
walid
FHMOM HNominal line frequency code and Mominal 60 Hz - 00 00
flags. -
CEFGCHT Confiruration change count. 22 changes - 00 1§
DATA BATE | Rate of phasor data fransmissions. 30 messages per second 5 00 1E
CHE CRC-CCITT. —_ D5 D
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