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Objective / Specification

« Portable — should run on batteries, rugged.
 Isolated — No copper connections for HV safety

6 channels —3 phase V & |

« Sampling trigger by external clock (optical fibre)

« Fast sampling for flicker (72 kHz)

« Environmental conditions of site —temperature range.
« Continuous real-time data collection

10 ppm accuracy (linearity, stability etc.)
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Why not buy one ?

« Commercial systems looked generally very good but:
- Difficulties finding a externally triggered ADC.
- Questions over suitability for field environment.
- Suitability for high level language programming
- Real time processing
- Desire to understand the working of the instrument.
- Customization.
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A quick solution

DEVICES

ANALOG Evaluation Board for 24-Bit,8.5mW,109dB,

128/64/32kSPs ADC

ANALOG
DEVICES

Converter Evaluation and Development
(CED) Board

EVAL-CED1Z |

EVAL-AD7767/67-1/67-2EDZ

FEATIARES

Fudl-featured svsbmticn board for the:
KOTTET
ROTTET-1
KDTTET-3
CED cosmnpanisle
Sitandalens capahiliey
Warizes inking cpbons
L pothemrs for conirel snd deis sredysis when wed with the.
ENAL-TEDE
Unsarity Ewslustion

GEMERAL DESCRIFTION
Thi deia sheet describes the ceslustion board Sor the, A7,

and K772 vermeae digially Shes e rigamudy, meming
that gresicr s poformac @ schiored, iradng «ff =
asipud Suis raic

Allthe ADTTET dewicn (A TRET, A2 1, ADTTET-3] ofier
18-bié Encursty {3ppeml

Fell Scish an the vesiom of ihe ADTTET e svaibhic in the
ALRTET deia shed, which ix avadable from mlog Deviceo,
ke, and shaeld be cormilicd i comuacton with tha dais
ahoei whan wm g the craleaiion boand

ON-BDARD COMIFONENTS INCLUDE:

ADRs# 5V ehirabigh precivios hed gap refereece
Twe ADA4RL- | sperabioeal amplifers

{Rutn from 7.5V and -2.5¥ coicrral npplia]
Varian MOLE optoas

[FEATLARES

rvierisce ba maukspls serisl sred paralls] pracivon converte

GENERAL DESCRIFTION
The CEDI brard o part of @ e peresation platiorm from

wsnlumdon boarch Ardeyy Dhevices Ire, miereded for we s craluto,
Supparts high-apeed LVDS interiscs demomsindion end dovdopment of rysem peag Anslog
AImE IDAAN Devce precusmm omveric. B provida e noocary
AHE M coremrscations brbeeen Se amverter and the PC
SB 2.0 conraction ba PC Frogrameming o cmircling g device, irmemiting or
mwh n‘.hﬂl FRaA seaving dais over o USH kak
Basg eTera D ;
Conrssct directhy b Blackfin Ez-0t FACKAGE CONTENTS
sricmon =
- Ak o M-
Eesbusiing Prechiion Corverien [
" af b . & 7 Voli 55W Powes Sapply
Protciyping of snd-wier pyrismu
FUNCTIONAL ELOCOK DIAGRAM
Porera Dagph
OO b o & ! ﬂm
== Monitniteg & Conbial s
T Pracisim To [dﬂ'ﬂl
Conwartar Beards Elacifn EnHL

Analog devices have some excellent ADC ICs
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A one day 24 bit ADC

Converter Evaluation
& Development Board

Power Supply:

High-speed USE 2.0
cable



« Only one channel
* Not isolated

« Uni-polar input

« Power supplies need improvement

« Samples stored to SRAM and downloaded later using USB (limits
capture length)

« No anti-aliasing filters

However...

« The ADC is Fast —100kS/s
* It should be good enough for 10ppm
* It is a sampling ADC (an external clock)
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Isolated — Real time Data:
Another Evaluation Card..

EZ-KIT Lite for Analog Devices
ADSP-BF537 Blackfin Processor

Ethernet
Can be wireless!

Key Features
+ ADSP-BF537 Blackfin Processor

* Max core clock rate 600 MHz
+ 64 MB (32M = 16) SDRAM
+* 4 MB (2M = 16) flash memory

« SMSC LANB3C185 10/100 PHY
with RJ45 connector

* CAN TJA104 transceiver with two
modular connectors

= ADMET1 96 kHz stereo DAG with
3.5 mm jack connector

= ADM854 96 kHz stereo ADC with
3.5 mm jack connector

+ R5-232 UART line driver/receiver

($350)

N PL Parallel Port to FPGA for data transfer and to boot FPGA



Ethernet
Can be wireless!

.........

Approx 700 euro + TMM
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Signal Conditioning & Multiple
Channels

« The ADCs can be “daisy chained” to provide multiple channels with
one DSP

« Bi-polar operation and anti-aliasing electronics designed
« QOptical fibre sampling clock required

« Digital / analogue isolation required

» |solated power supplies — floating channels.

Design and build a PCB for each analogue channel
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24 Bit ADC Eurocard — One channel
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Digitizer System Block Diagram
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DSP PCB with FPGA PCB below dc-dc isolators
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Real Time Asynchronous Sampling PQ Software

It is possible to log the following continuously to disk
at rates up to once per cycle:

« 6 channels of V & |: rms, fundamental, dc, phase angle.
« Single/three phase Watts, VA, VAR, PF

* Fundamental symmetrical components.

« Harmonics with interharmonic sweep (IEC61000-4-7)
 Flicker using NPL standard flicker meter.

* Dips and Swells as IEC61000-4-30.

« Temperature (3 probes).

6 Channels - 32kHz sampling rate — 6.144MBits/second



Real Time Multi-thread scheme
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Real-time PC Software collects data over Ethernet processes, stores and displays.
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AC 1V, 50Hz from Uncalibrated 5700A, Channel D02
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Six digitizer channels (offset for clarity) drift over 15 hours at 1V,

RMS voltage (normalised with clarity offsets)
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DC Linearity

dc Linearity of 5 Channels (vs. un-calibrated Fluke 5700A)
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dc applied voltage (V)

 Un-buffered Input Impedance at 50Hz = 7.5M ohm
 With buffer retrofit = 1013 ohm, 1pF.
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Residual from best-fit line

{per unit of full scale)

AC Linearity
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Temperature Coefficient

RMS Output Voltage (V)
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Uncertainties

BMS Valtage Lab Measurment at 50Hz

Contribution | Motes Lncertainty

Al
AL Calibration |Contributions of a calibration against b

AZ/OC Transfer device (4920)

(Gain Drift Calibrated in past 10 hours 1
Maoise “aration in AC Walues b
Linearity 10% to 100% of 1% EMS range 1
Temperature |Controlledto £1 oC 2
Total k=1 5
Fhase Between two channels at S0Hz 1 p radian

Field has ed Measurement at 50Hz (not including transducer)

AL Calibration |As above calibrated befare leaving b
laboratary

Gain Drift A0 day b

Maoise “ariation in AC Walues b

Linearity 10% to 100% of 1% EM S range 1

Temperature |Un-Controlled £ 20 oC from cal 40
temperature

Total k=1 41



Additional Work Beyond WP2 T —

Deliverable for On-site PQ Use

 Real time PQ Software

« Voltage Input Amplifier Retrofit
(440V,220V,110V,63.5V,20V,10V,1V computer
selectable ranges).

« Rogowski Coil Integrator Amplifier Retrofit
(10kA,1kA,100A,10A computer selectable ranges)

« GSM/3G Data Communications.

« Temperature logging and GPS channel.

« Qver current and overvoltage Protection boxes.
« Winter heater & temperature controller.
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Peli-Case Design

Target Date:
Ready for Smart Grid PQ Monitoring
September 2011.
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