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| GENERAL

The mains network analysis requires avery large calculation capacity.
The APR16 uses a high capacity signal processor. Due to this technology, the real time
analysis of a mains network becomes possible.

Example: calculation of Fourier Transform of 128 pointsin 1 millisecond.
APR16 alone replaces two analyser/recorders:

1) APR16 continuously records each mains network electrical parameter
(U,1,P,Q,S,Phase,Harmonics ...) with an integrating period adjustable between one
minute and one hour and this with a period of 15 days max. (Option -PE-
LOGCYCL)

2) APR16 detects and records low frequency events (voltage drop, over-voltages, wave
distortion) with a sampling frequency of 6400 Hz.

According to its programming the APR16 enables an electrical network to be monitored in
real time disturbance mode.

Monitoring:
— 2-phase or 3-phase networks ( 3 or 4 wires)

Detection:

- voltage drops

- over-voltages

- wave distortion

Restoration:

— RMS. voltages and currents

— Active, reactive power

— Cosine and tangent

— Asymmetrical mode (3-phase networks)

—Harmonic levels V and | by order (2to 63), and transfer direction
— Level of global distortion for V and |

Measurement storage is optimised to reduce the memory occupation as far as possible without
affecting the measurement accuracy.

Analysis of measurements is achieved with an PC, this analysis is performed with all the 3-
phase mains network parameters, by means of APRWIN software.

During the data transfer or processing, APR16 continues scanning and storage of
measurements.



APR16 calculation capacity permits the RMS. value and the curve of the wave of 8
alternating channels (Voltage or current) to be monitored in real time, as well as the variation
in state of 16 logical channels. It is possible to survey 16 analog channels and 32 logical
channels by adding a second data acquisition card, an analog measuring unit and a logical
channel unit.

Triggering:
The triggering and storage of measurements may be obtained:

— by overrunning a max. or min. threshold of RMS. value on one of channels

— by variation of signal amplitude in time (dv/dt or di/dt)

— by overrunning a max. or min. threshold of rate on an harmonic order

— by overrunning global rate threshold

— by variation of state of one or more logical channels (AND function, OR
function)

Threshold and duration alignments of each channel are completed by the user using the
keyboard.

In these 2 modes the APR16 stores measurements with a pre-time adjustable from 20 to 200
ms, and a post-time adjustable from 400 ms to 4800 ms.

If triggering occurs before the post-time end, the recording time is increased by the time of
the pogt-time.

The max. storagetime is 5 seconds

M easurement storage:
The storage of measurements is performed on the APR16 hard disk or CF card (option)

M easurement processing:
The processing of measurements is achieved :
with an IBM or compatible Personal Computer, measurement may be transferred by
means.
- of CF memory card
- of RS 232 link, locally or remotely on the switched network.




Il APR16 description

The APR16 is made up of two main parts:

1) A measuring and detection module

This module is based on a high-capacity signal processor, DSP 56000 by Motorola.
DSP performances permit a real-time measurement and detection of overrunning the
programmed thresholds onto 8 analog and 16 numerical channels (or 16 analog and 32
logical channels).
Measured signals are sampled at an average frequency of 6400 Hz. An automatic
synchronisation system enables adjustment of the sampling frequency to obtain 128 samples
per period (input frequency of 50 Hz). All channels are simultaneously sampled by the use of
blocker-samplers.
Each input signal period is fractioned into a series of 128 complex numbers (Fast Fourier
Transform) characterising the module and the phase of each component of the signal up to
the 63rd harmonic. This mode of representation greatly facilitates all future numerical
processing:

- RMS. value calculation

- Calculation of active, reactive power and apparent of the cosine and tangent phase taking

into account an input voltage and an input current.
- Calculation of direct, forward and homopolar voltage taking into account a 3-phase
system.

With this mode of representation, it is possible to restore the original signal (visualisation).
Each sampled period is analysed in real-time to detect a programmed event. In case of
detection the DSP transfers the set of measurements corresponding to the element detected
into the host system memory (second part) and informs it for immediate acknowledgement
and storage.

2) Host module for dialog and storage

This module drives the detection module. It is constituted of a CPU board equipped with a
80486DX micro-processor with:

— 16 Mbytes of RAM

—1x3.5inch floppy disk

— 1 x 2Gbyte hard disk or (CF memoy card)

— 1 x parallel output for external printer

— 3 x serial outputs (modem, radio clock )

— 1 x VGA output for external video monitor

The operating system used is a multi-task system, called SDOS. This system enables the best
management of the host processor activity, by modifying the priority of processing tasks to
be accomplished according to detected events.



All software is stored on the hard disk to simplify any possible modification or improvement.
The software which manages the DSP is also stored on the hard disk and automatically
loaded in its memory during the initialisation. Host module functions are:

— Detection module programming:

When measurement begins, the software detection module is loaded in the DSP module
memory, and also the set of overrunning parameters requested by the operator. These
overrunning parameters are introduced in the APR16 by means of an interactive software.

— Storage of events detected by the DSP:

A priority task, advised by the detection module that an event has to be stored, processes the
raw data, compacts and stores them on the hard disk, which decreases the space used and
increases the storage capacity.

Management of memory is optimised to permit a detection of consecutive events without
APR16 saturation. The maximum duration of an event is 5 seconds.



Functions switch
button

Reset

Front pand of the APR16

Power supply and
operating LEDs

Floppy drive or CF reader (option)

Input for PC/AT
keyboard
(5 pin DIN plug)

V GA video output

RS232 output to connect alocal PC
(female DB25 plug)
Please use a direct cable




Rear panel of the APR16 (Fiber optic)

Parallel output (not

used)
Remote analog input (via optical fiber)
(channds 9-16) Syhchro

Power suply

Remote anaog input (via
optical fiber)
(channd's 1-8)

cuawwe T e e

Seria link
2 : Modem
3: Clock
- Auxiliary digital 4: Not used
inputs (NU)
- 24V =to power ~
dry contacts 12v=0,5A output
for accessories
- relay outputs
(Alarms)
Direct digital channels
(17t0 32)
Direct digital channels

(1t0 16)

Remarks:

- All connectors for digital channels and relays are provided with the APR16
- Annalog channels are connected to the BFOP2 via a duplex optical fiber 62,5/125 ST/ST.
- Digital channels can also be connected remotely via optical fiber using a DRU unit
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Rear panel of the APR16 (Direct input)

Analog inputs
(Channélsnr. 9to 16)

Analog inputs
(Channelsnr. 1to 8) Parallel output
for external
Direct power printer
supply
(OPTION)
Logical Logical Analog inputs Andog inputs
] inputs inputs _
s Poml T:oml
o1 o1
o2 0|2
o3 0] 3
X o) 4
o |5 o] 5
1|6 0] 6
o7 o7
1|8 o] 8
0 M o
o |10 o |10
o 11 o 11
W12 o lL12
o 13 o |13
o |14 o L14
W15 o |15
W16 o |16
o Fom2 o [com2
— 1510180V = { 1510 180V = | |
\ \ /
RS232 serial outputs /
Mains power 2: Modem
supply 220V 50 3: Synchro
Hz + Earth

12vDC power supply

Contact inputs output 0,5A used for

and outputs accessories (Example:
+ ADAPTI units)
24V DC power
supply for dry Logical inputs
loops (Channelsnr. 17 to 32)

Logical inputs
(Channélsnr. 1to 16)

Note : The connectors used for analog channels and logical channels and contact outputs are
delivered with the APR16.



[l Technical features

l1l.1 Technical features of the APR16

Sampling principle

Sampling is automatically synchronised in order to obtain 128 points per period or 6400Hz
for a fundamental frequency of 50 Hz. The frequency may vary according to the software
used.

Sampling frequency :

Analog channels : 6400 Hz (50 Hz)

Logical channels: 1600 Hz definition 0,6 ms

APR16 local analog channels

Number : 16 differential inputs (8 optional)

Measurement range (2 ranges) : 0 to 2,4 volts and 0 to 240 volts switching by software
Permanent overload : 8KV direct current

Input impedance : 10 Mohms

Bandwidth = sampling freq. / 2

Resolution 12 byte + 1 sign bit

APR16 remote analog channels (see BFOP2)

Note : The analog channels accept just aswell the AC voltages asthe DC voltages (in
thiscasethe P, Q, S, ... measurements areinvalid)

APR16 logical channels

Number : 32 (16 optional)

Consumption 1 mA (>12 volts <220 volts)
Response time: 0,6 ms

Setting-up of analog measurement channels

Each channel is definite by :

- His name (11 characters)

- The measurement unit V, A, °C etc ...

- The beginning and end values of scale of the parameter measured
- The beginning and end values of scale of the sensor used



Setting-up of logical channels
Each channel is definite by :

- His name (11 characters)

- Name of low status (0)

- Name of high status (1)

M easurement accuracy
- RMSvalue +/- 0,2 %
- Apparent, active, reactive power and tangent and cosine +/- 0,4 %
- Harmonics
Analysis of order 2to 63 (50 Hz)
Accuracy +/- 0,2 %

Real time clock
- Saved clock (saved about 1 year)
- Date, month, day, year, hour, minute, second

Storage
- 3%inch disk 1.44 MB and 2Gb hard disk
or Compact Flash card

Display screen
- Onthe APR16 : external screen (VGA)

Keyboard
- On the APR16 : External keyboard (5-pin DIN PC AT-style keyboard)

Outputs

- 3 RS232 connections (Mouse, Modem, Clock)

- 1 CENTRONICS parallel external printer connection
- 1 VGA external display screen connection

Contact outputs

- output nr. 1 closure of active contact (about 3 seconds) by detection of an event. The
contact is definitively closed if the hard disk is full.

- output nr. 2 closure of active contact during APR16 operating, opening of active contact in
case of stand-by or failure of the APR16.

Features of the contacts::

Reverse contacts cut-off power on resistive circuit 1 A 24 VDC or 24VAC. An external noise
reducing circuit is necessary in case of inductive circuit.
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M odem (optional)
- External compatible Hayes modem, please consult us for the type of modem to be used.

Triggering conditions
The triggering conditions are set by the software used.

Power supply
- 230 volts +/- 20 % - 45 - 400 Hz
- Possibility of external D.C. power supply (Optional : 48 V or 127 V).

Physical dimensions
- APR16 : 178 x 485 depth 485 mm

Weight :
- 17 Kg for the APR16

Environment :

- Storage temperature : - 20°C to + 60°C

- Operating temperature : + 5°C to + 45 °C
- Humidity : O to 70 %.

Warranty :
- 12 month (Return to factory)

-11-



IV Principle of measurement

IV.1 Principle of the cyclic measurement

The signal is sampled each second then integrated on a progammable duration from 1 minute
to 60 minutes.

All following parameters may be drawn :

- RMSvalue

- Single-phase active power

- Single-phase reactive power

- Single-phase apparent power

- 3-phase active P (with or without neutral)

- 3-phase reactive P (with or without neutral)
- 3-phase apparent P (with or without neutral)
- V/I phase

- Harmonic global ratio

- Harmonic order (from 2 to 63) + Fundamental + continuous component
- Reverse voltage

- Direct voltage

- Homopolar voltage

The maximum measurement duration is 15 days long.

If LF events come during measurement period, they are stored and marked on cyclic
restitution.

Example of restitution
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IV.2 Principle of LF measurement

All analog channels are simultaneously sampled at a frequency proportional to the frequency
of the fundamental signal.

For afundamental frequency of 50 Hz, the sampling frequency is 6400 Hz. The bandwidth is
3200 Hz.

Samples are numerical values coded with 12 bits (4096 points) and a sign bit.

A period issliced into 128 /

samples

At the end of each period, the signal is decomposed into a series of 128 complex numbers
(Fast Fourier Transform), which characterise in module and in phase, every component of
the signal up to 63rd harmonic.

With these results, it is easy to compute the following values:

- RMS. Value

- Active and reactive power, cosine and tangent on a single or 3-phase network
- Direct, forward, homopolar voltage on 3-phase network

- Voltage and current harmonic order 2 through 63 and global distortion rate

- Harmonic power and transfer direction

Inthe “LF mode”, APR16 may be triggered by 5 different conditions:

—overrunning a max. or min. threshold (RMS. value)

—relative threshold (RMS. value)

— rate of the global harmonic (harmonic distortion)

—rate of aspecific harmonic order

— activation of alogical channel (level O, level 1 or state modification)

-13-



Detection of RM S value (Mini and M axi threshold)

The threshold values are adjusted by software for each analog channel.

/\AAA/\/\
IV

Voltage drop

Real RMS value
Measured at end of
each period

/— “ Zelé'O" time

Amplitude

A !
o SRR R R beeeereenenas o II\/I ax threshold
I b ] U I s D Min threshold

Pre-time Post-time
< in number of > in number of ——»

periods periods

(from 1 to 10) (from 1 to 240)
» Time
I nhibition duration

in number of periods

The inhibition is the duration for which an occurence is not account. The APR16 detectsthe
event if it lasts longer than the inhibition duration.
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Detection on arelative variation of amplitude (dV/dT or dl/dT)

Real RMS value

measured at end ) therdative
of each period "Zero" time threshold isvalid
in positive and
_ negative value
Amplitude
A
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" Max threshold
------------------------------------------------------------------------------------------------------------ Min threshold
| A——
Pre-timein Post-time
number of in number of
< periods periods T ™
(from 1 to 10) (from 1 to 240)
» Time
iinteger time

iin number of periods

The relative threshold is fixed by
- the duration
- the amplitude

Amplitude

Amplitude

Duration in number of periods
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Detection on wave distortion

Monitoring of 12 harmonic orders and of global ratio (period by period). A distortion of the
wave can be detected because the wave produces a modification of the harmonic spectrum.

NN A A A A A A
\VAAVAAVAAVARY ViV VY

A threshold on the global ratio may be programmed to detect awave distortion.
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V STARTING UP

Security, Warning:

Any intervention on POWERED conductors induces some dangers. This handbook only
contains information and advice concerning metrology. The USER or its OPERATOR, is
expected to know all rules of SECURITY on ELECTROTECHNICAL subjects.

Except contrary indication, the information contained in this handbook is based on our
laboratory work, executed in part through simulation. At the present time, the results obtained
in «true-size » and brought to our knowledge, have confirmed the validity of these works.
When faced with the diversity of measurement conditions and sites, the user or its operator
should appreciate:

- by reading this handbook, if the equipment in his possession corresponds to the use he
wishes to make of it.

- the conditions in which the measurements are executed.

- a any moment, if his equipment has retained its original qualities.

Our technical department remains available in order to answer any questions relative to the
use of the equipment.

230 VAC 50 Hz power supply

Connect the APR16 to the 230 VAC mains by means of the mains cable lead provided. The
main plug should be equipped with an earth conductor which meets standard specificationsin
force.

General on/off switch

2 dow-blow fuses (2 Amp)
(To change fuses, pull out
the unit back)

230V mains

=)

Earth

WARNING :

The APR16 is protected by means of para-overvoltage devices to avoid serious damage.
These protections safeguard from brief overvoltages between live and neutral, live and
earth and neutral and earth. It is recommended to feed APR16 with a protected line
equipped with adifferential circuit breaker adjusted at 30 mA to avoid the destruction of para-
overvoltage devices during long duration defects.
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- If the circuit breaker triggers or
- If one of the APR16 fuses “burns’,

either a permanent or brief defect has occurred. In this case, the APR16 should not be
reconnected before checking the mains distribution.

Direct current power supply ( OPTION )

Thistype of power supply is provided as an option. Possible voltages are:

Nominal voltage Voltage range
48VDC from 36 to 76 VDC
127 vDC from 100 to 200 VDC

If the APR16 is equipped with a direct current power supply, connections are ensured by
means of 2 plugs 4 mm dia, located at the rear, in the top left-hand corner.

DC power supply is protected against overvoltages and polarity errors by means of 2 fuses
incorporated in the APR16.

For reliable operation and safety requirements, we recommend that you ground the APR16 to
acurrent standard earth, in this case connection is ensured by means of the plug located at the
bottom of the analog input unit.

O O
©
[ Analog inputs 0@ 240v J

2 M- | M+ W— | M+ Gl

W2 W1
W W3
W6 W5
w8 W7
©

O

L

O O

APR16 unit

-18-



Operating control :

The front panel of the APR16 is equipped with control lights.

Must be on if the
APR16 is powered
on

Status changing
according to data block
receiving
(O Power supply
_ O Transmission
Blinksregulary when the
APR16 is on (except on (O Operdting
SYSTEM position)
(O HDD access

Turns on when the
APR16 access to the
hard disk or CF card




VI Description of software

The software installed on the APR16 enables the setting-up and operating of the
measurements.

According to the function switch position, the APR16 will run different programs which
enables you to do the following :

- high speed local dialog NOT USED

- System stop

- Setting-up

- Operating in AUTOMATIC mode (without operator)

- Operating in MANUAL mode (with an operator) NOT USED
- Access under MSDOS operating system

Each program is explained in details in the following.

Note : For the APR16, the displaying and data acquisition described in this manual can be

achieved if aVGA display screen and a PC/AT keyboard are connected on front panel.

After setting up, the APR16 unit isfully controlled by the APRWIN Software running
on aPC.

-20-



V1.1 APR16 function switch

Set the APR16 on this
position before
switching the power
off.

Access to the system NOT USED

setting-up menu
(Transmission
baudrate, ...)

LOC. TRANS.
STOP °
(

If theswitchison
AUTO position, the SETUP °
APR16 dstarts

automatically on the
lastest used program. o AUTO. o
(Operating without

operaton) MANUAL ®
(]
SYSTEM If the switch is on SY STEM
position, the APR16 starts
NOT USED and prompts on MSDOS ™
operating system.

Note : When the switch ison SYSTEM or LOC. TRANS. position, you can switch it without effect. To
exit of the system position, you must set the switch on the position you wish and press on RESET button.
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1) System setting-up :

This menu enables you to set up the software according to used equipment :

- Display screen
- Printer
- Parallel port
- Transmission baudrate by modem mode
(or locally between the APR16 connected on serial port nr.2)

- The 2driver modemg

-23-
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V1.3 Block diagram of files

LF event file
Hundredth of second
Second
Year Minute
Mont Hour
Day
\ 09101525.MEC
10061994.REJ 09102512.MEC
11061994.REJ 09102512.HO0
SITELSIT 12061994.REJ /
Sub-directories .
Root HF event file
12069400.R00 Basic cyclicfile
APRS8 MESURES SITE2.SIT \ Nr. of day from 00 to 14
Date of beginnin Nr. of session
beg J (only if different
setting-up in the
SITE3.SIT 12069400.RES same day)
Nameof / \ Resultant cydlic
different sites

file
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V1.4 Automatic operating (AUTO position)

When the function switch of the APR16 is set on AUTO position, the APR16 starts the
measures by using the last loaded parameter.

[ F1= Help 1l F2= Print 1L 1[F4= fmalysis 1[F5=Displaying]

Here the channel nr.1
istriggered in mini

Sampling
A1:UDIE 1 0.0 Uolt  AS:UDIE 5 0.0 Volt threshold
6670 B
AZ:VOIE 2 0.0 Volt AG:VOIE 6 0.0 Volt
— trigger —

A3:VOIE 3 0.0 Volt A7:VOIE 7 0.0 Volt

Al:m AS:
A4:VOIE 4 0.0 Volt AB:VOIE 8 0.0 Volt| AZ: fib:

A3: A?

Ad: AB:
L1:L0G 1 1] L9:L0G 9 1]
LZ:L0G 2 1] L10:LOG 10 1]
L3:L0G 3 1] L11:L0G 11 1] Trigoering flags
L4:L0G 4 1] L12:L0G 12 1] N 99 gty
L5:L0G 5 1] L13:L0G 13 1]
L6:L0G 6 1] L14:L0G 14 1]
L7:L0G 7 1] L15:L0G 15 1] OR:Ho  AND:Ho
L8:L0G 8 1] L16:L0G 16 1]

Alt F1: Next page

Status of analog and logic chammels T=Real time
ANPICO 130396 13:42:15 Mode: MANUAL

SE3Z28

In automatic mode, the APR16 records permanently the entered signals (if the cyclic mode is
validated) and controls and detectsthe LF events. It isin this mode that the APR16 must be
set when it isinstalled on a site.

The screen displays the cyclic mode status :

APRS n"142 in AUTOMATIC mode Version 1,38 Parameters . DEFAUT  FUNCT

STOP : Stand-by of the cyclic mode
FUNCT : Operating

WAITING : Waiting for starting-up

- 26-



System saturation

If 70 triggerings occur a day, the triggering system will not record any more events on the
hard disk, and will wait until the next day before starting once more. This restriction has been
fitted to prevent the hard disk from being saturated if a threshold has not been correctly
adjusted.

A second safety protection has also been fitted: if the remaining capacity of the hard disk
dropsto 10 MB, the system stops and displays a saturation message.

Note: The limitation of 70 triggerings a day is sufficient for most applications but may be
modified for specific applications (please consult us).
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V1.5 System stop (STOP)

The APRL16 is equipped with a power supply saved by battery on-board. It is necessary to
follow the following procedure to stop correctly the device :

- Set the function switch on « STOP » position

- Wait a moment, the sound signal rings and the following message is displayed :

APRE n"142 in AUTOMATIC mode Version 1.38 Parameters : DEFAUT  FUNCT

B Sampling
A1:UDIE 1 Z16.6 Uolt  AS:UDIE 5 0.0 Volt
6399 Hz
AZ:U0IE 2 0.0 Volt AG6:VOIE 6 0.0 Volt
Stop —

APRB-APR16 has stopped: please switch off power supply
Please, don’t forget to switch on regularly the APRB/APR16
to maintain and load the battery ...

L3 3 g LifiLom 14 g
L4:L0G 4 0] L12:L0G 12 0]
L5:L0G 5 0] L13:L0G 13 0]
L6:L0OG 6 o] L14:L0G 14 o]
L?:L0OG 7 0] L15:L0G 15 0] OR:No AND:No
L8:L0G 8 0] L16:L0G 16 0]

Events 0

Status of analog and logic chamnnels T=Real time

ANPICO 13,03-96 09:42:42 Mode: AUTOMATIC

- Disconnect the analog measurements and logical channels

- Switch off the APR16 by switching the general interruptor (Rear panel) on “Off” position.
At this moment, the digit and the lamps light off.

Note : Disconnect the power supply for the APR16 equipped with the DC power supply (48V
or 127V).

Theway you doesisnecessary to obtain a right stopping.
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V1.6 System position (SYSTEM)

If the function switch of the APR16 is on this postion, the APR16 starts up or resets by
handing back control to the user under MSDOS operating system. This possibility is very
interesting because it enables to operate easily on the system

Nevertheless please do not modify the system files (CONFIG.SYS and AUTOEXEC.BAT)
because of a system bug or a malfunction of the software. Please consult us in case of
problem.
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VII Wiring and using recommendations

After connecting and adjusting each channel (thresholds/beginning scale, etc.), a« real time »
measurement should be carried out to check that wiring is correct.

Check that the nr.1 analog channel is correctly wired because it is needed for synchronisation
signal.

The frequency range in which this synchronisation is possible is between 35 and 65 Hz. If the
signal frequency on nr.1 analog channel is out of this range, two cases are possible:

- The signal frequency has never been in this range since system initialisation. The sampling
frequency is then fixed at 50 Hz.

- The signal frequency was in this range at system initialisation but is no longer in it. The
sampling frequency is then fixed at the last valid frequency.

Verify phase directions using « 3-phase P » diagram, you should obtain thiskind of diagram:

\Phaqe

Observe vector directions

E=1/ -

Direct direction

Verify V and | phase shifts using « Single-Phase P » screen.

The DC component should be nearly equal to RMS. value and negative seq. and homopolar
voltages should be nearly equal to 0 on a balanced network.

If the forward component is equal to the RMS. value, channel inputs are not correctly
connected (see drawing above).

Active power calculation: active power sum calculated with each harmonic voltage-current
couple.

Reactive power calculation: active power calculated with each harmonic voltage-current
couple.

The reactive power sign corresponds to the quadrant in which is placed current using voltage
as reference.

Voltage-current phase: it is the phase angle of the fundamental components of the voltage-
current couple which is calculated. It isgiven intheinterval [- p,+p].
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Active power

Power factor: it istheratio

Apparent power -

Har monics and har monic power s measur ements

Harmonics and harmonic power measurements are only satisfactory if the APR16 sampling

frequency is synchronised with the mains network frequency.
A compression algorithm which allows recording volume to be reduced, restrains all orders

with arate lower than 0.2%.

Case of EDF (Supplier)

90°
P<0and Q<0 P>0 and Q<0
I
i Receiver
Supplier 180° Capgcitive e
Supplied component > _180° U Received component >
Received component Ingictive Supplied component
P<0and Q>0 P>0 and Q>0
-90°

N.B.: It is necessary to verify the validity of « Supplier/Receiver » indication according to
measurement conditions because APR16 2sees? the result (Sum) of harmonics supplier and
receiver components from the measurement point.
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M easur ements on a single-phase networ k

The following measurements will only be satisfactory if the wiring conditions are as follows:

- Voltages designated as U1, U2, U3 and U4 must be connected to 1, 3, 5 and 7 analog inputs
(inthe 16-channel variant, voltages designated as U5, U6, U7 and U8 must be connected to
1, 3, 5and 7 analog inputs of unit nr.2).

- Current designated as |1, 12, 13 and 14 must be connected to 2, 4, 6 and 8 analog inputs (in
the 16-channel variant, currents designated as I5, 16, 17 and 18 must be connected to 2, 4, 6
and 8 of unit nr.2).

- Measurement parameter voltages must be expressed in Volts and currentsin Amperes.

Wiring to be observed

()

&

—

Current
measur ement box

Voltage —O U1 O—

Curent QO U2 O
O uw O
O u O

Measurements are carried out independently on each voltage-current couple:
RMS. real value of voltage or current:

128
o] 2
a x
—';12 5 where Xi isthe xi, sample of the measured period
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M easur ements on a 3-phase networ k with neutral

The following measurements will only be satisfactory if the wiring conditions are as follows:

Voltages designated as U1, U2, U3 corresponding to single-voltages must be connected to 1,
3, 5 analog inputs (in the 16-channel variant, voltages designated as U5, U6, U7 must be
connected to 1, 3, 5 analog inputs of unit nr.2).

Current designated as 11, 12, 13 must be connected to 2, 4, 6 analog inputs ( in the 16-channel
variant, currents designated as 15, 16, 17 must be connected to 2, 4, 6 analog inputs of unit
nr.2).

In measurement parameter the voltages must be expressed in Volts and currents in Amperes.

Measurements are carried out in the same manner as that for the single phase network. Active
and reactive power values correspond to computed values for each phase. Active and reactive
powers appear under the « Total » caption. They are algebraic sums of active and reactive
powers. It is therefore essential to connect voltage and current in the right direction:

- For voltages, neutral must be connected to the black plugs of U1, U2 and U3 inputs.

- For currents, the left input plug of the boxes corresponds to « return ».

- Nevertheless, it is possible to control this connection easily thanks to U and | vector
diagrams displayed on the same screen: U1/U2 (11/12) phase-shift should be equal to 120°,
those of U1/U3 (11/13) equal to 120°. In addition, in this case, the measurement validity of
symmetrical components is safeguarded.

Measurement of symmetrical components
Measurement conditions for voltages (wiring direction and diagram) are the same as those for
3-phase power measurement.

Displayed values are:

- RMS. true values of U1, U2 and U3 voltages

For war I ,
- unbalanced rate O_ ward vol tage 100
Direct voltage

- fundamental relative phases of U1, U2 and U3 voltages

- fundamental values of homopolar , forward and direct voltages.

- vectorial diagrams only give an indication of the phase between vectors.

- amplitude representation is optimised to permit an adaptation to very little or very big
values.

APR16 allows the 3 single-phase powers or a single-phase power in the 4 wire diagram (3-
phases and the neutral) to be measured.

In this case, it is hecessary to wire:

- The 3 voltageson V1, V3 and V5 inputs (neutral on black plug)
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- The 3 currentsto the V2, V4 and V6 inputs

and verify that vectorsare:

U3 13

Ul 11

U2

Be care of the following wiring :

3-phase with neutral

Neutral O U1 O Phasel

110 U2 O 11 11
Neutral O U3 O Phase?

120 U4 O 12 Neutral
Neutrd O U5 O Phase 3

130 us O 13 13 12
Neutral O U7 O Earth
| Neutral O U8 O'| Neutral Ph3 Ph2

The measurement of the
Neutral/Earth voltage and
the current of neutral are
not necessary

Note : The currents must be connected by means of measurement adaptor units or of voltage
output clamps.



M easur ements on a 3-phase networ k without neutral

In case of a3 wires assembly, the APR16 may be connected as following :

Phase 1O U1 O Phase?2
110 U2 O11
Phase 2O U3 O Phase 3
120 usa O12
Phase 30 U5 O Phase 1
130 us O13

Note : The currents must be connected by means of measurement adaptor units or of voltage
output clamps.

Procedureto be used :

Principle of the measurement by means of 2 wattmeters and 2 varmeters.
This procedure enables to measure on balanced or unbalanced network.

P=U,.l cos(U )+U,.l,cos(U,,LI,)

137 Il
Q=U,.l,sn(U, 1) +U,.1,sn(U,,1,)

The single-phase powers cannot be found by means of this procedure.
The displayed values will be :
-U 21 |1
-U 320 Iz
-U 137 |3
- three P, three Q and three S
- Vectorial diagrams of the 3 voltages and the 3 currents

P : active power
Q : reactive power
S : apparent power
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VIII Communication

When the switch of the APR16 which isinstalled on asite is set on AUTO position, you can
dialog with it by means of the RS232 serial links.

So you can remotely control a mains and transfer recorded measurements and set-up the
APR16 once more by connecting a modem.

The transmission may be achieved from 2400 to 115200 baudrates.

Y ou must select the driver in the « Setting-up » menu of the APR16 to use a modem.
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I X Time synchronisation (Optional)

The APR16 real time clock can be synchronised by an external clock. APR16 serial port nr.3
is intended to receive information from radio clocks.

There are two different types of clock:

- The SCLE or ACEB clock complying with STET protocol. This clock is synchronised by
FRANCE INTER transmitter.

- The MOUSECLOCK receiving time from the FRANKFORT (DCF77) transmitter.

For the APR16 to use aradio clock, it sufficesto connect the latter to the number 3 serial port
and install the corresponding driver diskette (INSTALL C:).
The MOUSECLOCK should be directly connected to APR16.

The SCLE clock should be connected by means of a cable, the diagram of which is given
hereafter:

DB9 Male connector DB9 Female connector
SCLE side APR16 side
GND 1 | 5 GND
mechanica GND 3 - Braid
TXD 6 2 RXD
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X Care and maintenance

The APR16 contain a hard disk which is used to store software and measurements. The
equipment should therefore be correctly protected during transport. The hard disk should be
periodically checked and cleaned by a competent operator:

- Use MSDOS CHKDSK software to control data conformity.
- Use MSDOS SCANDISK softwareto check hard disk area.
- Use MSDOS DEFRAG software to clean the hard disk.

A utility software allows low frequency file coherences included on the hard disk to be
checked and any possibly damaged files to be erased.
Under MSDOS (Switch to the SY STEM position):

- Run TSTFICH C: to analyse C: hard disk
- Run TSTFICH C: -d to erase damaged files.
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X1 Software up-dating

The APR16 software may be very easily up-dated by disks.

Note: Please connect aVGA display screen and a PC AT keyboard to do the up-dating of the
APR16 software.

Start-up the APR16 by means of the switch on System position to run the up-dating; when the

system hands back the control to you, please insert the up-dating disk into the floppy disk
drive and type the following commands :

A ¢
INSTALL C: ¢

At the end of the installation, the program defrags the disk. This operation may be rather long
if the defragmentation has not be achieved from along time.

When the system hands back the control to you please set the switch on the required position
and press on Reset button (On front panel for the APR16).

A up-dating installation never erase data stored on disk.
Y ou have to up-date all equipements at the same time if you up-date the software.

If you have received a disk which contains the corresponding PC software, please do also the
up-dating (See the manual of the software on PC).
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X1l Problem solving

Transmission problem between the PC and the APR16 in local mode :

Please check that the serial port is correctly set-up in the setting-up menu on the PC software
(nr. of port and baudrate).

Please check that the baudrate is correctly set-up in the Setting-up menu of the APR16
(Switch on Setting-up position).

Please check that the cable is plugged on the right serial port on PC side and the serial port
nr.2 on APR16 side.

Please check that the used cable is a « twisted » cable and that the pining is according to the
following diagram :

DB9 female connector DB9 female connector
PC side APRI16 side
DCD 1- 4 DTR
DSR 6-—, |_ 1 DCD
DTR 4 6 DSR
RTS 7 - 8 CTS
CTS 8- -7 RTS
RXD 2- 3 TXD
TXD 3- 2 RXD
GND 5 5 GND

Transmission problem between the PC and the APR16 in local mode :

Please check that the serial port is correctly set-up in the setting-up menu on the PC software.
(Port number and baudrate = 19200 bauds).

Please check that the cable is plugged to the PC serial port and to APR16 serial port nr. 1.
(On front panel).

Please check that the used cable is a « direct » cable

Note : Any operation on the APR16 needs a keyboard and a display screen.
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X1l Glossary

Pre-time: Recording duration before detection of an event. If a pre-time of 3 periods has been
fixed, it is possible to see 3 signal periods before detection of triggering condition.

Post-time: Recording duration after detection of an event. If the post-time of 20 periods has
been fixed, it is possible to see 20 signal periods after detection of triggering condition.

Pre-time and post-time fix the total recording duration.

Relative threshold: If a signal increases or decreases by more than a given value during a
given time, APR16 records the event.

Practical example: Sudden increase intensity over a duration of 3 periods although the
maximum threshold has not been passed.

Inhibition time: Shortest duration of a defect before the beginning of a recording sequence
and the opening of a file. The inhibition duration avoids transient phenomenas.

Cyclic measurements:. Integrated measurements have a duration of 1 to 60 minutes, allowing
signal progress to be observed over a long period of time (15 days maximum). The basic
measurement has a duration of 1 second.

LF measurements. Measurements are sampled at a frequency of 6400 Hz. The recording
duration in LF mode is 5 seconds maximum

Active cursor : The cursor is displayed as afull triangle

Hysteresis: shift-out between threshold overrunning and the threshold recovery

Virtual hard disk: RAM disk created and managed by the RAMDISK driver under MSDOS
P/P curve: Curve displayed point by point (sinus waves)

V RMS curve: Curve displayed in RMS value

P (Active Power) = VI cosF (for asinuswave regime)

Q (Reactive Power) = - VI sinF (for asinus wave regime)
S (Apparent Power) = VI

-41-



X1V Dimensions

277

261

160 | 80

480 degth

177

B87c.2

Measurement outputsto
APR16

%/////////41[//////%/////%

100 mm

2,4V eff

Input of current measurements 24,5mm

With 6mm? terminal block

465,1 ! ‘
|

483
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XV Description of the different panels

APR16 Unit with analog inputs

Pull-out connectors

O O ENTRELEC
©
Analog inputs 03 240\#/
G2 M— V b— L/\.H 1
0 RN |
w %0 0° O O |
vi |60 01 O O |wvs
ve |70 032 O O |uws
w8 |80 03 O O V7
190 04 0_0
Eath ——— 1 | ~__
0] O
N j= Earth
Polarizingdot —— |
(@)
Earth TN @
\\\<>
L
O O
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APR16 Unit with logical inputs

© © Plug in/out connector
Logical inputs Trademark WAGO
[ J ref 231-618/019-000
b
DC voltage - © @/
24V t0 150 V g O et
=0 L1
| = QO Lz
| __— = O LS
| - O |Li
| =0 |L5
| — = O LE
| = O L7
| — -0 |L®=
+ _— = O |L3
| __— - O |Lln
| _— -0 |[L11
| _— -0 |L12
| _— - O |L13
| _— -0 |L14
| -0 |Ll15
DCvoltage | —+— = O |L18
24V to 150 V (O Lt
- © ©
h -
o ]




APR16 Auxiliary unit

Plug 2 mm dia

—

Plug in/out connector
WAGO
Ref : 231-603/019-000 ~

CO=Common
NF=Normally closed
NO=Normally opened

O O

r . -,
Direct

logical
inputs

:"I."H* :

©
©

e

- WLE ¢

@5
©

o O

Insulated
power supply

O

- TAY 4

Relay 1

2800 /10 Max
Relay 2

AN

L2 Maw )

Q Q

Power supply output 20mA.
Can be used to supply dry
loops.

Therelay nr.1isclosed at each
event during about 3 seconds and
definitively closed when the disk is
full.

—

Therelay nr.2 is closed when the
APR16 is operating
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