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1.INTRODUCTION

PPC solid-state polarization cell is semiconductor
cell used with cathodically protected structures (pipelines,
tanks, grounding systems) for DC decoupling and AC
continuity/grounding, and also for protection from lightning
current and AC faults.

The solid-state polarization cell is suitable for:

(1)ACvoltage mitigation

VWM @) o @)

(2) over-voltage protection of insulated joints and similar
structures and equipment

(3) DC isolation and AC grounding of cathodically
protected structures.

ATEX solid-state polarization cell Ex-d PPC XKA is intended for use in potentially hazardous
areas (Zone 1, Zone 2). ATEX solid-state polarization cell (Ex-d PPC XkA) is certified
according to ATEX 94/9/EC directive.
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2. BASIC FEATURES

PPC solid-state polarization cell prevent the flow of DC current when the absolute

voltage (i.e., the DC plus peak AC voltage) across the input terminals is between -3.0 volts
and + 1.0 volt, while simultaneously providing a grounding (or coupling) path for steady-state
AC current, if AC current is present (symmetrical version, which blocks +/-2.0 volts is
available as an option). Also, PPC solid-state polarization cell provide over-voltage
protection to both lightning and AC fault current.
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Explosion-proof design
To fulfil requirement for explosion-proof design of device, adequate for installation in

hazardous areas (Zone 1, Zone 2), all potentially dangerous parts (electric parts) of PPC
solid-state polarization cell are installed in aluminum alloy flame-proof enclosure (Ex ‘d’).

Connections to equipment installed in flame-proof enclosure are performed trough nickel-
plated brass tightening cable glands (for unarmoured cables), suitable for use in hazardous
areas (Zonel, Zone2).
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Solid-State Design

PPC solid-state polarization cell use proven solid-state components which have an
instantaneous response with respect to voltage, thereby initiating voltage clamping
immediately when the voltage attempts to exceed the blocking level selected.

Solid State 590G b &1k
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Fail-Safe

An important safety feature is that if subject to AC fault current or lightning surge current
in excess of rating such that failure occurs, failure will occur in the shorted mode. In the
shorted mode, the unit can carry greater than rated fault current or lightning surge current
and still provide an effective grounding (or conducting) path.
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Polarity / Electrical Connections

Polarity marks (PIPELINE) and (GND) are provided near the terminals to aid in proper
installation. Connect the (PIPELINE) to the structure with CP and the (GND) to the grounded
or more positive system.

Note: The (GND) terminal is bonded internally to the metallic enclosure.

Conductor connections are made through tightening cable glands. It is suggested that the
Ex-d PPC 5kA be purchased with factory furnished conductors and connectors to simplify
field installation.
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3. COMMON APPLICATIONS

AC Voltage Mitigatio

n

As an AC mitigation device, the PPC device can collapse the steady-state voltage
between the connected points to a negligible level by providing continuous AC grounding for
protected structures with induced AC while leaving cathodic protection unaffected.
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Insulated Joint Protection

L Cals

Insulated joints often need over-voltage protection against lightning and AC fault
current, and in some cases, steady-state induced AC voltage. Due to the small clearance
between opposite sides of the insulated flange, a protective device must provide a low
clamping voltage, including the voltage effects of the conductors or bus bars used to connect

the product.
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Decoupling Electric Equipment Grounding Systems

When electrical equipment is mounted on a cathodically protected structure, the PPC
device can provide DC isolation with fault rated AC continuity.
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4. SPECIFICATION

C
Dimensions c( Ao I J
gco: oy [
- enclosure dimensions:
] [© (
364 x 284 x 218 mm (Ax B x C) P
-  weight:  20kg C] 9 [
Technical Data g T ©~” u
- Operating Temperature -25°C to +55°C
- Degree of protection IP66 / IP67
- AC steady state current: 45 Aims (50 H2)

45 Ams (60 Hz)

- Lightning surge current (8/20 uS) 100 kA

- DC threshold voltage -3V / +1V (standard) or
-2V [+2V (optional)
- AC fault current: 5 kA (30 cycles @ 50Hz)

5, 3 kA (30 cycles @ 60Hz)

- Number of Operations Virtually unlimited under maximum ratings, under
conditions that operations are not immediately
repetitive.

- Energy Requirements None. The device is totally passive.

ATEX Data

The Ex-d PPC XKA is certified according to the ATEX 94/9/EC Directive for Zone 1, use
for Gas Group 1IB, under protection method ‘d’ (flame-proof enclosure). The standards used
in the evaluation are: EN 60079-0:2012/A11:2013, EN 60079-1:2007.

— Equipment Group: Il (non-mining — other hazardous areas)
— Categories of devices: 2G

— Installation: Zone 1, Zone 2 (Gas)

— Protection mode: d (flameproof enclosure)

— Gas group: 1I1B (ethylene, town gas, etc.)

— Temperature class: T4 (max. surface temperature 135°C)

Marking: @ I12G Ex d IIB T4 Gb
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5. MARKINGS

POLUVODICKA POLARIZACIISKA CELIJA Ex-d PPE
SOLID-STATE POLARIZATION CELL Ex-d PPC

@ Outside label ‘SOLID-STATE
POLARIZATION CELL’

Shows connection diagram of

J— .I =. the device.

UZE,%LJSE ik CJEVOVOD

PIPELINE
ﬂA-EL

www.pa-el.hr

POLUVODICKA POLARIZACIJSKA CELIJA Ex-d PPC

SOLID-STATE POLARIZATION CELL Ex-d PPC

PA-ELd.0.0.
P Dubrovéan 33b, 49214 Veliko Trgovisce
’ A-EL HR-CROATIA (EU) Contains device technical
NB XXXX n

www.pa-el.hr informations , year of production,

SERIAL NUMBER: CERTIFICATE NUMBER:

4
-

Outside label ‘SPECIFICATIONS
{ WARNINGS’

8 MADE IN CROATIA

STUPANJ ZASTITE: GODINA PROIZVODNJE
|| |
| st |
ATING T T
— = e oAy PGS
[ ErBe || £\ EKSPLOZIVNE ATMOSFERE!
10wy || DO NOT OPEN WHEN AN EXPLOSIVE
LIGHTNING SURGE CURRENT: GAS ATMOSPHERE IS PRESENT!
AV/+v_ || NE OTVARAJ DOK JE U FUNKCLII!
DC THRESHOLD VOLTAGE:
] DO NOT OPET WHEN ENERGIZED!
AC FAULT CURRENT: 5,3 kA (30 cycles @ 60 Hz) |\ _

-
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PIPELINE ( GND ’

Outside label ‘PIPELINE’

Marks negative terminal
bushing rod which must be
connected to cathodically
protected structure.

Outside label ‘GND’

Marks  positive  terminal
bushing rod which must be
connected to ground.

Outside label ‘EARTH’
Marks grounding (earthing)

terminal for metallic
enclosure - please read
Note under Installation —
Mounting.

POLUVODICKA POLARIZACIJSKA CELIJA Ex-d PPC

SOLID-STATE POLARIZATION CELL Ex-d PP(

PA-EL d.0.0.

Dubrovéan 33b, 49214 Veliko Trgovisée c €
! JA-EL | Hr-croaTia (Eu) X

www.pa-el.hr NB XXXX -

TIP: OZNAKA:

edreCsin | [T  126EdIBTAG)
TVORNICKI BROJ: I:I BROJ CERTIFIKATA: I:I
SERIAL NUMBER:

' MADE IN CROATIA

CERTIFICATE NUMBER:
STUPANI ZASTITE: LG oo rromioons: | TR
DEGREE OF PROTECTION: YEAR OF PRODUCTION:

TEMPERATURA RADA: :
PR S | 25°C < Ta < 55°C KONTROLIRAO / CONTROLLED BY:

35 A= (50 1)

TRAINA AC STRUJA: “
AC STEADY STATE CURRENT:

45 A= (60 Hz

STRUJA UDARA MUNJE:

LIGHTNING SURGE CURRENT : | IRkl
DC BLOKADNI NAPON:

DC THRESHOLD VOLTAGE: 3V/+V
ACSTRUIA KVARA: SO ode @0
AC FAULT CURRENT: | 5.3 kA (30 cycles @ 60 Ha) |

Inside label ‘SPECIFICATIONS /
FINAL QUALITY CONTROL’

Contains device technical
informations, year of production
and ATEX marking.

Contains signed approval of PA-
EL’s final quality control
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ov1

ISKRA
PROTEC C 40475

SG1

LEUTRON TFS 100
100KA: 10350 ps

X10

Components placement

capacitor
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DESIGN
Wiring diagram
c1
Mt A
|_| 330000 pf/25V Components:

D1 - MDMA700-P1600CC rectifier
diode module (dual)

D2 — MDMA700-P1600CC rectifier
diode module (dual)

C1 — 330000uF / 25V electrolytic
OV1-PROTEC C 40kA / 75V
over-voltage protection

SG1 - TFS 100 spark-gap
(100kA; 10/350 ps)

X1, X2 — connection terminals

& o (LUl .uu,@ (P ooloew) Lol AJ).w
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7. INSTALLATION

A THE PRODUCT MUST BE INSTALLED IN ACCORDANCE WITH LOCAL LAWS AND
REGULATIONS FOR EQUIPMENT AND INSTALLATIONS IN HAZARDOUS AREAS!

BEFORE ANY INSTALLATION OR SERVICE ACTION PLEASE READ AND FOLLOW
A THE GUIDELINES NOTED UNDER THE CHAPTER IMPORTANT SAFETY
INFORMATION.

bé;wm‘).la}))dJaL.A4.)Joy).auwbjl{,‘bm&&:.}c})fc‘slznul)).ﬁnsu.u‘ﬁbd)mmbamé)‘M

Mounting E
F

Ex-d PPC enclosure comes in standard 7 WEEN  NEEN - MaNE
version with four mounting brackets, allowing By
for device to be mounted to a flat surface with
four 8 mm screws, user furnished. Mounting B
holes can be prepared according to the o
following dimensions: D= 290 mm, E = 290mm B
(F =9 mm).

Supporting steel frame for in-field

installation of the device is not part of standard
delivery, but can be ordered separately.

Mount the Ex-d PPC so that the total length of conductor to the connection points will be
as short as possible, if the Ex-d PPC is being used to provide over-voltage protection from
lightning. All conductors have inductance which will cause a significant voltage per unit of
conductor length when subject to lightning surge current. To minimize the voltage developed
between the connection points, install the Ex-d PPC as close as practical to the required
connection points and cut the conductor to the shortest possible length during installation.
For most insulated joint applications the Ex-d PPC can, and should, be installed with about
150 mm — 200 mm of lead. Conductors typically develop approx. 3-10 kV / meter of length;
hence, the reason leads should be kept as short as possible. Conductor length is not critical
for limiting voltage due to 50 Hz or 60 Hz current.

Note: The Ex-d PPC metallic enclosure is connected to the positive (GND) terminal internally
with a bonding jumper. Therefore, when installing, make sure that there is no electrical
connection between the enclosure and the negative (PIPELINE) conductor. Separate
grounding (earthing) of the enclosure is not required when the positive lead is connected to
ground. If isolation is required between the enclosure and the positive (GND) terminal,
contact PA-EL. In this case additional grounding (earthing) must be provided to (EARTH)
connection terminal on metallic enclosure.
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A Ex-d PPC 5kA
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Polarity

If the purchased Ex-d PPC is being connected between a cathodically protected structure
and ground, connect the negative (PIPELINE) terminal of the Ex-d PPC to the cathodically
protected structure and the positive terminal to ground. If being connected between two
different cathodically protected systems, attach the negative (PIPELINE) terminal to the more
negative structure and the positive (GND) terminal to the less negative structure, keeping in
mind that the positive (GND) terminal is normally bonded internally to the metallic enclosure.
Consider if the Ex-d PPC enclosure mounting could affect the cathodic protection system.

The labels ‘PIPELINE’ and ‘GND’, located just above the two conductors, shows the
polarity of each conductor.

(PIPE LINE) it Jlooy , sl ool Juate (o) g oo SOuSlS cbila> ojle oo (5)l0,5 EX-d PP'C &S )50 ;0
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Jos sizayi o5 Wy bt ojlu & 1(GND) cote Jlise iy i siie 35 b sl il 221, (PIPE LINE) ite Jlias ¢ a3y Joy hlisns
&S sl asls 5 53 . ol oud Juog (5318 alaizme 4 515 51 Jyone 9k & (GND) e Jliwe 3 o8 a8l azils ol & Loz bl
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Conductor Connections

Conductors Furnished by PA-EL

If conductors have been furnished with the Ex-d PPC, they may or may not already be
connected, depending on the ordered conductor length and customer’s demand.

Connected conductors will normally come preinstalled to the Ex-d PP¢, unless conductors are
longer than 4meters. If not installed, connect the cable with pre-crimped cable lug onto the bushing rod
with two M8 screws trough the bushing rod. Tighten firmly with the two M8 jam nuts (do not exert
torque on the jam nuts during this procedure.) Slide the heat shrink sleeve over the connection and
the insulating part of the bushing, and shrink in place.

Tools required include a wrench for a M8 nut (a 13mm open-end wrench or equivalent), and a
heat source to shrink the heat shrink sleeve (industrial heat gun or equivalent).

Conductors User Furnished

If conductors and terminals are user furnished, a cable lug with two holes will be required on
one side of conductor. Terminals are available to make a straight or a 45° angled connection to the
bushing rod. Connect as described above.

Tools required include a wrench for a M8 nut (a 13mm open-end wrench or equivalent), and a
heat source to shrink the heat shrink sleeve (industrial heat gun or equivalent).
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A Ex-d PPC 5kA

ATEX / IECEx Comments

- The device shall be placed into service in accordance with the ratings and limitations stated
in the installation and operating instructions.

* Warning: Do not open when an explosive atmosphere may be present!
* Warning: Do not open when energized!

» Warning: After opening, care should be taken to ensure that gasket between body and
cover is in correct position and not damaged.

* No ongoing maintenance is required, as the device is designed to be maintenance free, and
is of solid-state construction with no moving, wearing or serviceable parts.

* Regular testing of the device is not required. Users who desire to verify the operating
condition of the device should refer to the section Field Testing. Observe all safety
precautions described, in addition to industry or company safety practices.

* This equipment complies with the standards previously listed.

* This equipment is marked:
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Field Testing

Before installation, the following measurements are suggested to confirm that the steady-state
conditions imposed on the Ex-d PPC will be within its ratings.
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1. Measure the open-circuit DC voltage between the Ex-d PPC connection points with a multi-meter.

The open-circuit DC voltage measured should be within the DC blocking voltage rating of the
model selected (i.e., normally -3.0V/+1.0V or +/-2.0 V, unless a custom version has been ordered).
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2. Measure the steady-state short-circuit AC-RMS current between the Ex-d PPC connection points
with a clamp-on ammeter. The short-circuit AC-RMS steady-state current measured should be less
than the steady-state AC current rating of the Ex-d PPC model ordered.
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3. After installation, the DC voltage across the Ex-d PPC terminals can be measured to confirm that
the expected value of cathodic protection voltage exists, assuming the cathodic protection system
is ON. (The voltage measured with a voltmeter will be less than the actual cathodic protection
voltage because it is not being measured with respect to a reference cell.)
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4. After installation, the steady-state AC current through the Ex-d PPC conductors can again be
measured. The current measured should be comparable to the value measured prior to installation
since the AC impedance of the Ex-d PPC is negligible.
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5. To verify correct device operation while in service, measure the pipe to soil voltage using a
reference cell. An acceptable CP reading will indirectly indicate correct operation with DC isolation,
as device conduction would bond the CP system to ground (or to the other connected structure)
and affect the CP reading. While an indirect test, it has proven to be a good indicator of operation.

An unacceptable reading may be due to other factors besides the Ex-d PPC device, and if needed
perform the following additional tests.
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. An alternative to the above test checks for the presence of direct current leakage through the
device. With the CP system ON, clamp a Hall Effect DC measurement unit over one of the device
attachment conductors to read direct current, which should be negligible.
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. The definitive test is one performed with the device out of circuit. If the device is in service,
disconnect the CP structure attachment conductor (typically at the (PIPELINE) terminal) so that the
product is isolated, but first addressing any safety issues such as adding a current-rated bonding
jumper between the two connection points, wearing insulating gloves, etc. Note that if the device is
performing mitigation of induced AC voltage, disconnecting the device will leave the structure as an
open circuit, and the induced voltage on the pipeline may rise to high levels. Therefore, take
appropriate safety measures before proceeding. Next, momentarily short the device terminals
to remove any residual charge that may be on the internal capacitor. Connect a multi-meter, set to
the lowest Ohms scale, across the terminals. If the product is functional, the resistance will start at
zero ohms and then very slowly increase as the capacitor in the de-coupler begins to charge from
the multi-meter. The test may be discontinued at this point, as charging the capacitor can take up
some time, and it is only necessary to observe this general response briefly. If the product is failed,
the reading will remain fixed and at a very low resistance value, typically a fraction of one Ohm.

If any measurements do not produce the expected results, contact PA-EL d.o.o.
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8. IMPORTANT SAFETY INFORMATION

All persons installing and servicing the equipment must be trained and

A experienced in general safety rules for work on electrical equipment and for
work in hazardous areas (Zone 1, Zone 2).

All persons installing and servicing the equipment must be familiar with local

A reguirements, rules and regulations for performing installations and servicing
of equipment in hazardous areas (Zone 1, Zone 2).

Before starting any work be sure that there is no presence of explosive

A atmosphere in working area! Ensure that the explosive atmosphere cannot
appear during the work.

A Take special care to follow all safety procedures when working in hazardous
areas.
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Before installation:

Check for any damage to the product and packing. If in doubt, contact the supplier of product
or PA-EL directly, before installing the unit. The unit will only be installed if it is wholly intact.
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Installation:
For optimum safety, follow the steps described in this manual.
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Disconnecting the unit:

Regardless to fact that unit is passive, it can be energized during operation trough protected

structures. Before starting to work on unit use a voltage tester to ensure that the unit is
voltage free.
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Service and modification:

Only authorised personnel are allowed to repair the unit with original spare parts available
from the supplier or PA-EL, to ensure the compliance with CE guidelines and the validity of
ATEX certificate. Any kind of madification to device is highly not recommended — please
read the Functional safety parameters.
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Functional safety parameters:

Never change the parameters of the unit! Unauthorised changes of device parameters may
cause injury or accidents to people and severe damage to facility. Additionally it will lead to
the cancellation of all operating approvals, certificates and warranties.

The PA-EL’s solid-state polarization cells for hazardous areas are all designed and produced
in accordance with the test sample and ATEX certificate for products intended for use in
hazardous areas No.: € €E-1/08 HREX T xx.yyy, from DD.MM.2015. Ex- Agency d.o.0.
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