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FOREWORD

The Iranian Petroleum Standards (IPS) reflect the
views of the Iranian Ministry of Petroleum and
are intended for use in the oil and gas production
facilities, oil  refineries, = chemical and
petrochemical plants, gas handling and processing
installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and
the local market availability. The options which
are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can
select his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the user.
This addendum together with the relevant IPS
shall form the job specification for the specific
project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the relevant
technical committee and in case of approval will
be incorporated in the next revision of the
standard.

Standards and Research department
No.19, Street14, North kheradmand

Karimkhan Avenue, Tehran, Iran.
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@nioc.org
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GENERAL DEFINITIONS:

Throughout this Standard the following
definitions shall apply.

COMPANY :

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian Gas Company, National Petrochemical
Company and National Iranian Oil Refinery and
Distribution Company.

PURCHASER :

Means the "Company" where this standard is a
part of direct purchaser order by the "Company",
and the "Contractor" where this Standard is a part
of contract documents.

VENDOR AND SUPPLIER:

Refers to firm or person who will supply and/or
fabricate the equipment or material.
CONTRACTOR:

Refers to the persons, firm or company whose
tender has been accepted by the company.

EXECUTOR :

Executor is the party, which carries out all or part
of construction and/or commissioning for the
project.

INSPECTOR :

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work

SHALL:
Is used where a provision is mandatory.
SHOULD:

Is used where a provision is advisory only.

WILL:

Is normally used in connection with the action by
the “Company” rather than by a contractor,
supplier or vendor.

MAY':

Is used where a provision is completely
discretionary.
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1. SCOPE

This Standard discusses the general specifications
for the materials used for transmission systems in
oil, gas, and petrochemical industries. The
following subjects are covered:

1) Instruments air signal lines (tubes).

2) Instruments and thermocouples extension
wires and cables (electronic, fiber optics,
digital).

3) Junction boxes, terminals, conduits and trays.

Note 1:

This is a revised version of the standard
specification by the relevant technical committee
on Dec. 2006, which is issued as revision (1).
Revision (0) of the said standard specification is
withdrawn.

Note 2:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on Feb 2010, which is issued as
revision  (2). Revision (1) of the said standard
specification is withdrawn.

Note 3:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this standard, the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent
specified herein, form a part of this standard. For
dated references, the edition cited applies. The
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the Company and the Vendor. For
undated references, the latest edition of the
referenced documents (including any supplements
and amendments) applies.

API(AMERICAN PETROLEUM INSTITUTE)

RP 551 '"Process Measurement
Instrumentation”

RP 552 "Transmission System"
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ASME(AMERICAN SOCIETY OF (55 30 Sl (ylwsiigen (po2xil) ASME
MECHANICAL ENGINEERS)
B31.3 "Process Piping" "ol pasay " B31.3
B 1.20.1 "Pipe  Threads, General " oges B )las @yl glaog;, " B 1.20.1
Purpose"
NFPA (NATIONAL FIRE PROTECTION (T Jilio yo cblis (Lo cpoznil) NFPA
ASSOCIATION)
70 "National ~ Electric =~ Code "(NEC) o (S os™ 70
(NEC)H
UL (UNDERWRITER LABORATORIES (bl Wl (Faiss wpli) UL
INC.)
UL 4 "Safety Armored Cable" "ol Jlsey; S UL 4
UL 44 "Safety Thermoset-Insulated " Gle Sleor 5 S —grmal Dlioga 5 UL 44
Wires and Cables"
UL 83 "Safety Thermoplastic- Gale Sloomw —oal Sty ge 5 UL 83

Insulated Wires"
"5 e b eyl l WS" UL 719

UL 719 "Safety ¥ Non  Metallic-

Sheathed Cables"
IEC(INTERNATIONAL (ST g oSl (Mol (g (ygamneS) IEC
ELECTROTECHNICAL COMMISSION)

1EC 60331 "Fire RCSIStlng B lbchbe b.i;,&ll (_gl.‘bd,tls Slasuis" IEC 60331
Characteristics of Electrical "ot
Cables"

IEC 60332 "Test on Electric Cables Ll cow (Sopsll Gals ogesl" TEC 60332
under Fire Conditions" " sl

IEC 60529 "Degree  of  Protection " (P «S) balrixe cbla> 4> 0" TEC 60529
Provided by Enclosures (IP
Code)"

IEC 60584 "Thermocouples" "lo L5550 5" IEC 60584

IEC 60751 "Industrial Platinum s . c _m
Resistance Thermometer poeeidly Cuaglie g5l miules Sux" TEC 60751
Sensor, RTD" "RTD _xo

IEC 60793 "Optical Fiber Measurement Sledy, 9. 6y9 et g pSeslul slesg,"  IEC 60793
Methods and Test " ge;)
Procedures”

IEC 60794 "Optical Fiber Cables" "6, yd slo 5" IEC 60794

IEC 61158 "Field Bus Standard for use 2 osliul ly pbald o)t IEC 61158
in Industrial Control Systems" " o J S slpeiias

IPS (IRANIAN PETROLEUM STANDARDS) (oln! e gas,laibew)) IPS
IPS-E-GN-100 "Engineering Standard for "aasly slp (owies o libl" IPS-E-GN-100

Units"
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IPS-G-IN-200 "General Standard  for
Instruments Air System"

IPS-I-IN-100 " Inspection Standard for
General Instrument
Systems”

ISA (THE INTERNATIONAL SOCIETY OF
AUTOMATION)

RP 12.06.01 "Wiring Practices for Hazardous
(Classified)Locations
Instrumentation”

Part 1: Intrinsic Safety

MC 96.1 "Temperature
Thermocouples"

Measurement

3. CONFLICTING REQUIREMENTS

In the case of conflict between documents
relating to the inquiry or order, the following
priority of documents shall apply:

- First Priority: Purchase order and variations
thereto.

- Second Priority: Data sheets and drawings.
- Third Priority: This Standard.

All conflicting requirements shall be referred to
the Purchaser in writing. The Purchaser will issue
confirmation document if needed for clarification

4. UNITS

This Standard is based on International System of
Units (SI), as per IPS-E-GN-100 except where
otherwise specified.

5. INSTRUMENTS AIR SIGNAL LINES
(TUBEYS)

5.1 General

Pneumatic signal lines to the instrument and/or
final control element shall employ tubing and
compression fittings as described later. The user
shall be consulted for special applications such as
fire safe design requirements.

5.2 General Specifications for Air Signal Lines

Pneumatic signal lines shall consist of 10 mm (%4
in.) OD PVC covered copper tubing and brass
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compression fittings. All components, the tubing
and compression fittings, shall be suitable for use
at 10 barg at 50°C.

Notes:

The application of tubing and compression
fittings shall comply with the followings:

- The compression fittings shall be of the make,

type and composition as specified for the
project by the user whereas all parts of the
fitting are made by one manufacturer.

- The tubing shall be in accordance with the
specification supplied by the user.

- The fittings and tubing shall be installed by
skilled personnel, strictly in accordance with the
manufacturer’s instructions.

- The instrument air lines shall be pressure
tested after installation. Refer to installation
standard for instruments air system (IPS-G-IN-
200).

5.2.1 All threaded tube connections shall be
tapered.

5.2.2 Connections for, pneumatic transmission,
and control signals shall normally be internally
threaded ' inch NPT.

5.2.3 Plastic tubing may only be applied in
control room and basement.

5.2.4 Plastic multi core tubing for underground
use shall only be considered where no absolute
possibility of deterioration of cables may exist
(i.e. solvents, acids or other aggressive media
being present in the soil).

5.2.5 Main tubing runs from junction boxes to the
control room shall be made with polyethylene
multi-tube bundles sheathed in PVC. A maximum
of 19 tubes per bundle shall be wused.
Approximately 15% spare tubing shall be
provided

5.3 Special Applications
5.3.1 General

To ensure efficient operation of the instrument air
lines under all operational and climatic

. \ . .
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conditions, certain applications require provisions
in addition to or in deviation from those given in
previous paragraph (i.e. the use of special
materials).

5.3.2 Corrosive atmospheres

For corrosive atmospheres, where PVC covered
copper tubing may not be suitable, other materials
such as AISI 316 stainless steel or aluminum
bronze, etc., shall be used for all components.
Application of these alternative materials requires
the written approval of the user.

Note:

The material of construction of compression
fittings shall be compatible with the tubing
material.

5.4 Inspection and Testing

Refer to IPS-I-IN-100 " Inspection Standard for
General Instrument Systems”.

5.5 Preparation for Shipment

The supplier of the items under this specification
is the sole responsible for adequate packaging and
preparation for shipment to avoid any damage
during transport and handling.
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5.6 Designation of Compression Fittings &d Ylail 5,185 oL #-0
British standard USA designation
designation
: Caoupling Union
1 - 1
1 Bulkhead Bulkhead Uninn
N E. . = - f— Coupling
__l _ 1 T Stud coupling Connector
1
| r Stud elbow Elbow
]
; 2
: Tec Tee
1 Mute: Specily connec tions ip sequence 1-2-3
) when aot equal
IR
6. INSTRUMENTS AND THERMOCOUPLES 9 &89 ,lpl Ol (bl sbprw 9 L L -7
EXTENSION WIRES AND CABLES b JoSs0 s
6.1 General Specifications for Instruments Wires Ol G 9 LI Iy (ogoe Olasin V-F

and Cables SIS

. . . 3l Gdo Ll Oliges LS Iy lgols V\-V-F
6.1.1 Conductors for instrument signal wire shall be ol 3o Ul i JiSer o sl las

soft annealed copper. IRCHNPRY PUE J i S JESIUCHY - JUOE JPU S BN S
6.1.2 Insulation and overall jackets of instrument JES sl (Bl e 5 BB (2les D 5 ale Y-)-F
signal and thermocouple extension wire and cable b LPVC s 5l b bsSgey 5 380 Il Sljagss
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6.1.3 Insulation and overall jackets of instrument
signal and thermocouple extension wire and cable
shall not contain asbestos.

6.1.4 The insulation shall be coded with color
unique for each single conductor in the cable, or by
a combination of colors unique for each pair of
conductors in the cable.

6.1.5 The minimum thickness of insulation on single
wires shall be 0.38 mm suitable for a test voltage of
500 volt DC.

61.6 Overall jackets

The minimum thickness of overall jackets shall be
as table 1 below:
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TABLE 1
V Jguz
NUMBER OF CABLE DIAMETER JACKET THICKNESS, Min
CONDUCTORS (”l;m) . S Caoled Jlo>
b ol slaxi JE ke SIGNAL CABLE (mm) THERMOCOUPLE
(osdro) (ondnn) JUSaw Ji5 EXTENSION WIRE (mm)
Pl
(oulio) By 95 g0 5
SINGLE PAIR ALL 0.875 0.50
Y don
MULTI CONDUCTOR CABLE 0.00- 5.00 0875
sola wix LIS 5.03- 7.50 1.000
‘ 7.53-12.50 1250
12.55 - 18.75 1500
18.78 - 27.50 1750
27.53-36.25 2.000
36.28 - 45.00 2.250
6.1.7 Metal cladding SHE M9, V-1-F

Material and type of metal cladding for signal wire
and thermocouple extension wire shall be specified
as follows:

a) Armor types:

1) Flat metal tape armor.
2) Interlocked metal tape armor.

3) Round steel wire armor.

4) Flexible steel armor, either seamless or
welded construction, and impervious to liquids.
Minimum thickness of armor shall be as table 2
below :
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TABLE 2
Y Jgus
CABLE DIAMETER (UNDER ARMOR) ARMOR WALL THICKNESS, Min
(youdo) MM (yowdo) MM
0-25 0.30
>25-45 0.41
>45-75 0.51

5) Round copper wire armor covered by a helix
of copper tape.
b) Sheath Types
1) Lead sheath.
2) Copper and steel sheath (for MI type cables).

3)  Multilayer
Aluminum.

Polyethylene = Laminated
6.1.8 Special exposure conditions
6.1.8.1 Exposure to high temperature

Wire and cables passing close to high temperature
equipment or piping shall have insulation and jacket
materials suitable for the highest ambient
temperature expected. Vendor’s proposed insulation
and jacket types, and the temperature ratings of
these materials shall be submitted to purchaser for
approval by the user engineer.

6.1.8.2 Exposure to contaminated environments

Vendor shall confirm that wire and cable
construction and materials specified are suitable for
the intended service e.g. tinned copper shall be used
for corrosive environment.

6.1.9 Limitations for vendors (alternative proposals)

Signal Wire

Proposals to use materials and thicknesses for
insulation and jackets, alternative to those specified,
shall conform to the followings:

a) Classes of materials are limited to:

1) Moisture resistant rubber.

2) Moisture resistant thermoplastic.

3) Mineral insulation, if copper sheathed.

b) Insulation rating of single wires shall be not
less than 600 volts.
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€) Vendor’s proposals shall state insulation
thickness and overall jacket thickness.

6.1.10 Instrument signal wire

6.1.10.1 Specifications for signal wire proposed for
special electronic equipment such as DCS/FCS,
PLC, data loggers, computers, and multiplexers,
shall be submitted by the equipment manufacturer to
the purchaser for approval by the user engineer.

6.1.10.2 Single pairs

Single pairs of instrument signal wires shall be as
follows:

a) Wire size shall be 1.5 mm® stranded copper,
and insulated (normally 7 strands).

b) Pairs of wire shall be twisted at least 20 times
per meter and have total coverage electrostatic
shield with copper drain wire extending the
length of the conductors. An overall jacket shall
be provided for each pair.

¢) Individual wires shall be color coded.

6.1.10.3 Multi conductor cable

Multi conductor signal wire shall be as follows:

a) Wire size should be minimum 1.0 mm?’
stranded copper, and insulated.

b) Pairs of wire shall be twisted at least 20 times
per meter.

) Individual pairs of wires shall have number
identification.

d) Multiple pairs shall be twisted at least 6 times
per meter and shall have total coverage of
electrostatic shield with 0.5 mm?” stranded copper
drain wire extending the length of the
conductors.

e) An overall jacket shall be provided for the
cable.

f) An insulated communication wire should be
provided within each cable.

g) Where shields are specified for individual
pairs of wires, each shield shall be insulated from
other shields and from the overall cable shield.
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6.1.11 Thermocouple extension wire
6.1.11.1 Single pairs

Single pairs of extension wires shall be as follows:
a) Wire size shall be 1.0 mm”* and insulated.

b) Pairs of wires shall be twisted at least 20 times
per meter and shall have total coverage
electrostatic shield with copper drain wire.

€) An overall jacket shall be provided for each
pair.

6.1.11.2 Multi conductor cable

Multi conductor extension wires shall be as follows:

a) Wire size shall be 1.0 mm , and insulated.

b) Pairs of wires shall be twisted at least 20 times
per meter and shall have total coverage
electrostatic shield with copper drain wire.

¢) Individual pairs of wires shall be numbered.

d) Multiple pairs shall be twisted at least (6 times
per meter), and shall have total coverage
electrostatic shield with copper drain wire
extending the length of the conductors.

e) An insulated communication wire should be
provided within each cable.

f) An overall jacket covering shall be provided
for the cable.

6.2 Factors in Selection of Wire Types for
Electronic System

6.2.1 Process controls with milliamp signals

The standard signal 4-20 milliamp DC (two wire
system) type III and V shall be used (see table 3).
These wires or cables shall be enclosed in conduits
or and in lugs, and should not be mixed with AC
signal wiring or power wires.
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TABLE 3 - TYPES OF WIRE OR CABLE FOR SIGNAL TRANSMISSION

JUSew JLoyl sl S5 g oo g1l =¥ Jgur

Type Description Application
£y Sloxsgs SO
1 Untwisted copper wire General
e (JUiSs 508) (ogoe bylae
I Single, unshielded twisted-pair copper Voltage signal
wire @3ty JuSs
03l o gy Ladlono (39 9) ST (oo o
I Single, shielded twisted-pair copper wire Milliamp signal
03l o jgey Ladlono IS 95 ST (gone o Sl oo JUuSs
v Multipair cable of Type II wire Voltage signal
Il 58 oo 5l sy 2z seblS 3y JUuSes
\% Multipair, overall shielded cable of Type Milliamp signal
II wire Gyl o JuSs
L P S T
VI Multipair, overall shielded cable of Type Thermocouples, RTD
I wire RTD ;5550
T g5 o 51 S Lablono (S1ylo g5 iz s

Note: In the above, replace the word pair with triple
or triad for wiring certain items such as some
resistance bulb sensors (RTD), or strain gauges, and
others like these.

6.2.2 Process controls with voltage signals

Voltage signals should not be used for long-
distance, one exception is vibration monitoring
systems. When a voltage signal is used, precaution
must be taken to ensure that the transmission
system does not degrade the measurement signal.
Type 11 & IV shall be used.

6.2.3 Digital communications signals

Digital Communications Signals are normally
interconnected with data-highway cables. The
control system manufacturer specifies the cable and
recommends the installation details.

6.2.4 Process control low energy/voltage sensors

Low Energy/Voltage Sensors include

thermocouples, resistance temperature detectors
(RTDs) and strain gauges which generate low DC
voltages such signals should not be grounded of
more than one point. The preferred location is near

the source of power and on the lower voltage wire
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grounded thermocouples should have no other
grounded point than that in the primary sensor.Wire

type III & VI should be used as per table 3.

6.2.5 Process Control with Pulse Output Meters

Pulse output meters are usually connected to
devices that have relatively high input impedance.
Power wires and other types of signal wires should
not be mixed with pulse signal wiring. The wire
type and the grounding of the signal circuit should
follow the manufacturer's recommendations.

6.2.6 Turbine meters

The suggestions of the manufacturer concerning the
preamplifier and the wiring should be carefully
considered. Most turbine meters are supplied with
integral converters to amplifiy the pulses or to
convert for transmission of 4-20 mA DC.

6.2.7 Magnetic-flow transmitters

The electric signal from magnetic flow electrodes is
generally less than 50 millivolts. The low signal
level requires that the electrical interference be
minimized. Minimizing is done by using a two-
conductor, shielded, twisted pair cable whose
length is limited by the manufacturers
recommendations.

6.3 Specification for Wires and Cables in
Electronic Systems

The wires and cables classified into six types that
are described in table 3.

6.3.1 The size of single conductor wire should be
minimum 1.0 mm? for multipair cable and 1.5 mm’
for single twisted pair.

6.3.2 Stranded wire shall be used for signal
transmission; normally seven-strand wire is used.

Thermocouple wires are normally seven-strand wire
is used.

6.3.3 The wire or cable should have a temperature
rating of 75°C as a minimum high temperature
insulation should be used in areas of expected high
temperature, such as furnace arrears.

6.3.4 The overall jacket material should be moisture
resistant, abrasion resistant and compatible with the
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environment and flame retardant specified as per
IEC 60332. When cable used in emergency
shutdown system, overall jacket as specified
material shall be fire resistant (IEC-60331).

6.3.5 The preferred shielding is aluminized polyester
film with an overall spiral wrap that has 25-percent
overlap. The shield should be electrically in contact
with a copper drain wire that is along the pair of
signal wires. The shield should be electrically
insulated both inside and outside.

6.3.6 Twisted wire should have a minimum of 20
Crossovers per meter.

6.3.7 For wire pair identification number coding or
color coding shall be used.

6.3.8 Communication wire shall be included in the
multipair cable.

6.3.9 Cable armour and other metal enclosures for
conductors shall be metallically joined together into
a continues electric conductor and shall be so
connected to all boxes, fitting and cabinet as to
provide effective electrical continuity.

6.4 Details of Construction Signal Wire and
Cables

Definition:

- Standard applications mean normal wires, i.e.,
alarm circuits, pressure switches .... etc.

- Critical applications mean emergancy shutdown,
computer, digital data handling equipment.

6.4.1 Single pair instrument cable for standard
applications

Conductor: 2 core 1.5 mm’ nominal stranded
annealed copper conductors twisted pair.

Primary insulation: 0.5 mm nominal thickness,
105°C PVC, with 1 layer of polyester tape 0.023
mm thick helically applied over the twisted pair.

Pair Jacket: 1.15 mm nominal 80°C PVC.
Color Code:black and white.
Lay of Twist: 50 mm.

Jacket Color Code: black (blue for intrinsically safe
cables).
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6.4.2 Single pair or triad instrument cable for
critical applications

Conductor: 1.5 mm’ nominal stranded annealed
copper conductors twisted pair or triad.

Primary Insulation: 0.5 mm, nominal thickness,
105°C PVC.

Color Code: single pair, black and white, triad-
black, white and red.

Lay of Twist: 50 mm.

Shield: 2 layers polyester tape each to be 0.023 mm
thick over the cores with 100% coverage by a tape
shield of 0.012 mm aluminum laminated with 0.012
mm Mylar polyester tape, helically applied over the
polyester tape with the aluminum on the inside in
continuous contact with a bare minimum 0.75 mm?,
7-strand tinned copper drain wire. A 100% coverage
of 1 layer of polyester tape 0.023 mm thick shall be
applied over the aluminum Mylar tape shield.

Pair Jacket: 1.15 mm nominal 80°C PVC.

Jacket Color Code: black (blue for intrinsically safe
cables).

6.4.3 Multi-pair instrument cable with overall
lead sheath for standard applications

Conductor: 1.0 mm’ nominal stranded annealed
copper conductors twisted pair.

Primary Insulation: 0.5 mm nominal thickness
105°C PVC.

Insulation Color Code (each pair): black and white.

Group Identification: each pair numbered.

Lay of Twist: 40 mm to 50 mm staggered.

Cable Shield: 2 layers of polyester tape each to be
0.023 mm thick over the cores with 100% coverage
by a tape shield of 0.012 mm aluminum laminated
with 0.050 mm. Mylar polyester tape helically
applied over the polyester tape. The aluminum shall
be on the inside and in continuous contact with a
bare, 1.0 mm’, 7-strand tinned copper cable drain
wire.
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Two layers of polyester tape and foam insulation
each 0.20 mm thick shall be applied over the
polyester tape to provide complete isolation between
drain wire and lead sheath. Lead sheath of 1.3 mm
shall have minimum average radial thickness.

Armored cable: The armor shall be single

galvanized steel wire having 90% nominal coverage.

Communication Wire: 1.0 mm’ nominal stranded
annealed copper conductors with 0.5 mm PVC
insulation.

Inner Cable Jacket (over pairs, drain wire and
communication wire) and overall cable jacket: 80°C
PVC, thickness as listed in table 4 below:
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TABLE 4
DIAMETER OF CABLE THICKNESS
6.4 to10.8 mm (0.251 to 0.425 inch) 1.143 mm ( 45 mils)
10.82 to 17.8 mm (0.426 to 0.700 inch) 1.524 mm ( 60 mils)
17.8 to38 mm (0.701 to 1.500 inch) 2.000 mm ( 80 mils)
38 to 63.5 mm (1.501 to 2.500 inch) 2.800 mm (110 mils)

Jacket Color Code: Jacket over lead sheath-black,
Overall Jacket, black (blue for intrinsically safe
cables)

Communication Wire: orange.

6.4.4 Multi-pair instrument cable with overall
lead sheath for critical applications

Conductor: 1.0 mm? nominal stranded annealed
copper conductors.

Primary Insulation: 0.5 mm nominal thickness,
105°C PVC.

Insulation Color Code : (each pair) black and white.

Group Identification: each pair numbered on pair
jacket.

Lay of Twist: maximum 50 mm.

Pair Shield: 2 layers polyester tape each to be 0.023
mm thick over the pair with 100% coverage by a
tape shield of 0.012 mm aluminum laminated with
0.012 mm Mylar polyester tape, helically applied
over the twisted pair with the aluminum on the
inside in continuous contact with a bare minimum
0.5 mm?®, 7-strand tinned copper drain wire. A 100%
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coverage of 1 layer of polyester tape 0.023 mm thick
shall be applied over the aluminum Mylar tape
shield.

Pair Jacket: 0.5 mm nominal thickness 80°C PVC
(Color Code - see below).

Cable Shield: 2 layers of polyester tape each to be
0.023 mm thick over the twisted pairs with 100%
coverage by a tape shield of 0.012 mm aluminum
laminated with 0.050 mm Mylar polyester tape
helically applied over all pairs and the
communication wire. The aluminum shall be on the
inside and in continuous contact with a bare, 1.0
mm?, 7-strand tinned copper cable drain wire.

Two layers of polyester tape and foam insulation
each 0.20 mm thick shall be applied over the
polyester tape. There shall be complete isolation
between drain wire and the lead sheath. Lead sheath
of 1.3 mm minimum average radial thickness. Cable
armor shall be single galvanized steel wire having
90% nominal coverage.

Communication Wire: 0.5 mm’ nominal 7-strand
copper 0.5 mm, PVC insulation.

Inner Cable Jacket: (over pairs, drain wire,
communication wire) and outer cable jacket (over
lead sheath) and Overall Cable Jacket (over armor),
black (blue for intrinsically safe cables), 80°C PVC,
thickness as listed below:
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DIAMETER OF CABLE THICKNESS
6.4 to10.8 mm (0.251 to 0.425 inch) 1.143 mm ( 45 mils)
10.82 to 17.8 mm (0.426 to 0.700 inch) 1.524 mm ( 60 mils)
17.8 to38 mm (0.701 to 1.500 inch) 2.000 mm ( 80 mils)
38 to 63.5 mm (1.501 to 2.500 inch) 2.800 mm (110 mils)

Jacket Color Code: (pair and cable), black (blue for
intrinsically safe cables), Jacket Over Lead sheath-
black, Communication Wire, orange.

6.5 Details of Construction (Thermocouple
Extension Wire and Cables)

6.5.1 Single pair thermocouple extension cable
Single pair thermocouple extension cables shall be
as follows:

Conductor: 1.5 mm’ nominal solid type JX
(iron/constantan) and /or type KX (Chromel /
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Alumel) alloy wire matched and calibrated per ISA
MC 96.1, latest edition for Thermocouple Extension
Wire.

Primary Insulation : 0.5 mm nominal thickness

105°C PVC.
Insulation Color Code: see chart below:

Lay of Twist: maximum 50 mm.

Pair Shield: 2 layer polyester each to be 0.023 mm
thick over the pair with 100% coverage by a tape
shield of 0.012 mm aluminum laminated with 0.012
mm Mylar polyester tape, helically applied over the
twisted pair with the aluminum on the inside in
continuous contact with a bare minimum 0.75 mm?,
7-strand tinned copper drain wire. A 100% coverage
of one layer of polyester tape 0.023 mm thick shall
be applied over the aluminum Mylar tape shield.

Pair Jacket: 1.15 mm nominal. 80°C, PVC.
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24 JACKET POSITIVE (+) NEGATIVE (-)
N oo iie
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6.5.2 Multi-pair thermocouple extension cable
with overall lead sheath for critical applications

Conductor: 0.5 mm” nominal solid type JX (iron
constantan) and/or type KX (Chromel / Alumel)
alloy wire matched and calibrated per ISA MC
96.1, latest edition, Thermocouple Extension Wire.

Primary Insulation: 0.4 mm nominal thickness,
105°C, PVC.

Insulation Color Code: see chart below.

Pair Identification: each pair numbered on pair
jacket.

Lay of Twist: maximum 50 mm.

Pair Shield, 2 layers polyester each to be 0.023 mm
thick with 100% coverage by a tape shield of 0.012
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mm aluminum laminated with 0.012 mm Mylar
polyester tape, helically applied over the twisted
pair, with the aluminum on the inside in continuous
contact with a bare minimum 0.5 mm?’, 7-strand
tinned copper drain wire. A 100% coverage of 1
layer of polyester tape 0.023 mm thick shall be
applied over the aluminum Mylar tape shield.

Pair Jacket: 0.5 mm nominal thickness, 80°C PVC.
(Color Code- see below).

Cable Shield: 2 layers of polyester tape each to be
0.023 mm thick over the twisted pairs with 100%
coverage by a tape shield of 0.012 mm aluminum
laminated with 0.050 mm Mylar polyester tape
helically applied over all pairs and the
communication wire. The aluminum shall be on the
inside and in continuous contact with a bare, 0.5
mm?, 7-strand tinned copper cable drain wire. Two
layers of polyester tape and foam insulation each
0.20 mm thick shall be applied over the polyester
tape. There shall be complete isolation between
drain wire and the lead sheath. Lead sheath of 1.3
mm minimum average radial thickness. Cable armor
shall be single galvanized steel wire having 90%
nominal coverage.

Communication Wire: 0.5 mm’ nominal 7-strand
copper conductor with 0.5 mm PVC insulation.

Inner Cable Jacket (over pairs, drain wire and
communication wire) and overall cable jacket: 80°C
PVC, thickness as listed in table 5 below:
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DIAMETER OF CABLE
Qs hs

THICKNESS

6.4 to 10.8 mm (0.251 to 0.425 inch)
10.82 to 17.8 mm (0.426 to 0.700 inch)
17.8 to38 mm (0.701 to 1.500 inch)
38  t063.5 mm (1.501 to 2.500 inch)

1.143 mm ( 45 mils)
1.524 mm ( 60 mils)
2.000 mm ( 80 mils)
2.800 mm (110 mils)

Jacket Color Code: communication wire-orange. See
table 6 below.
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TABLE 6
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COLOR CODE CHART
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6.6 Physical Properties of Insulation and Jacket ¥V Jgaz 50 B i g Bile (Kb (ol F-F

Materials, Table 7:

TABLE 7
V Jgu
Physical properties Primary Insulation Jacket
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Maximum Operation Temperature 105°C 80°C
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Tensile Strength, Minimum (2500 Psi) (200 Psi)
(S 208 @ gl 2 YO @l g dn Voo
Elongation, Minimum 200% 200%
Job sl JBlas do o Ve do o Ve
Cold Bend Qualification Test -35°C -35°C
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Note:

Only cable per paragraphs 5.5.1, 5.5.2 and 4.1 with a
bending radius of ten times diameter or less shall be
required to meet the Cold Bend Qualification Test.

6.7 Electrical Specifications, Table 8:
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6.8 Inspection & Testing of Cables

The following tests shall be performed on each reel
of completed cable.

a) Continuity of conductors, and shields.

b) Shield isolation jackets shall withstand a dry
test of 2000 VAC between shields for one
minute.

) The insulation resistance between shields shall
be a minimum of 10 Mega ohms per 300 meters
of cable corrected to 15.6°C.

d) Three copies of certified test reports shall be
submitted for each reel of cable.

e) For more details refer to: IPS-I-IN-100 "
Inspection Standard for General Instrument
Systems".
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6.9 Preparation for Shipment

a) Each reel shall have a weatherproof (metal or
plastic) tag firmly attached containing the
number of cable pairs, cable description, length
on reel, manufacture’s name, Purchase Order
Number and Item Number.

b) Splices in individual conductors of single and
multi pair cables, drain wire, communication
conductor or shielding are not acceptable.

c) Actual lengths of cable on a reel shall be -0,
+3% additional.

d) Watertight seals shall be applied to the ends of
the cable to prevent entrance of moisture during
shipment or out-of-doors storage at the jobsite.

e) The manufacturer shall be solely responsible
for the adequacy of the preparation for shipment
provisions employed with respect to materials
and their application, to insure that the cable
reaches its destination in excellent working
condition when handled by commercial carrier
systems.

) All reels shall have lagging to prevent damage
to the finished cable.

g) The manufacturer shall submit with his
quotation, his standard "Packaging of reels”.

6.10 Specific Requirements

Specific requirements of each type of cable, number
of pairs, lengths, etc., will be shown on the "Request
for Quotation" and/or "Purchase Order".

7. FIBER OPTICS

7.1 General

Fiber optics is information transportation in the light
form.

This new technology using glass based waveguides
consists of three basic elements:

1) The optical transmitter, converting electrical
analogue or digital signal into corresponding
optical signal, being a LED or a solid state laser
diode.

2)The fiber optic cable: consisting of one or more
glass fibers acting as waveguide for the optical
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signal. The fiber may be made of glass, plastic,
or their combination. This cable is composed of:

a) Core or fiber center.

b) Cladding to cover the core and keep the
signal in the core.

¢) Buffer coating protecting both core and
cladding from damage.

d) Jacket being used when additional core &
cladding protection is required.

3) Optical receiver: converting the optical
signal back into a replica of original signal. The
optical receiver has a photodiode detector (PIN
or avalanche) for this purpose.

7.2 Fiber Types

There are two basic fiber types: single mode and
multimode. Single mode allows only one mode of
light to travel within the fiber and is used in
applications where high data rate with low signal
loss are required (e.g. long distance applications).

Multimode fiber allows more than one mode of light
to travel in the fiber and is better suited for short
distance applications. Based on the index of the
refraction of the core, multimode fibers are divided
into two groups:

1) Step index multimode fiber with a core
composed of unique type of glass.

2) Graded index multimode fiber in which the
refractive index of the core gradually decreases
farther from the center of the core.

7.3 Optical Fiber Cables
There are two distinct optical fiber cables:
— Loose tube cables

— Tight buffered cables

Loose tube cables are used for outdoor environments
ensuring long cable life by isolating the fiber from
mechanical stresses. The loose tube cable provides
stable and highly reliable optical transmission
characteristics over a wide temperature range.

Tight buffered indoor

cables are wused for
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environments (e.g. building backbones) and are
more sensitive to temperature extremes and not
usually rated for long term UV exposure (sunlight).

7.4 Performance Parameters

—  Wavelength: is a characteristic of light and
is measured in nanometers. Typical wavelengths
for fiber optics use are 850 nm, 1300 nm, 1550
nm all of which are invisible.

—  Attenuation: is loss of optical power as light
travels down the fiber. Attenuation for the fiber is
specified as loss per length (db/km). Attenuation
is categorized into intrinsic and extrinsic.
Intrinsic attenuation occurs due to properties
inherent to the fiber, but extrinsic attenuation is
caused by external sources such as bending.

— Bandwidth: is the amount of information
that a system can carry such that each pulse
of light is distinguishable by the receiver. For
single mode fiber the bandwidth is often
stated as "virtually unlimited" but for the
multimode is measured in MHz. km.

—  Dispersion: refers to the spreading of a light
pulse over time with the result that adjacent
pulses begin to blend and become non-
distinguishable as the dispersion increases.
The amount of dispersion in a fiber limits its
bandwidth.

7.4.1 For selection, types of application, inspection,
testing for and shipment refer to latest information
on fiber-optics.

8. FIELD BUS
8.1 General

Fieldbus is an industrial network system for real-
time distributed control. Fieldbus works on a
network structure which typically allows different
network topologies. According to IEC 61158
standard, fieldbus has different protocol sets called
types such as foundation fieldbus H1 and HSE,
Profibus, Profinet. Foundation Fieldbus technology
is commonly implemented within the process

control field and for new developments.
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8.2 Fieldbus Cables

8.2.1 Fieldbus cables shall have thermoplastic
elastomer (TPE) flame-retardant insulation.

Cable should be as follows:

1- Suitable for the electrical area classification.

2- Suitable for outdoor use in cable trays

cable jacket shall be flame-retardant polyvinyl
chloride (PVC) or XLPE.

8.2.2 The cable used for testing fieldbus devices as
per IEC 61158 shall be a single twisted pair cable
with overall shield (referred to as type “A” fieldbus
cable) meeting the following minimum requirements
at 25°C:

a) Impedance at frequency (31.25 KHz) =100
Q+20%.

b) Maximum attenuation at 1.25 frequency (39
KHz) =3.0 dB/Km

€) Maximum capacity unbalance to shield =4
nF/Km, tested using a 30 m or longer sample.

d) Maximum dc resistance (per conductor) =24
QKm

e) Maximum propagation delay change 0.25
frequency to 1.25 frequency =1.7 us/Km

f) Conductor cross-sectional area (wire size) =
normal 0.8 mm®

g) Minimum shield coverage shall be 90%
8.2.3 Other type of cables can be used for fieldbus
wiring.

The alternate preferred fieldbus cable is the
multiple, twisted pair cable with an overall shield,
hereinafter referred to as type “B” fieldbus cable.

This cable will properly be used in both new and
retrofit installations where multiple fieldbus cables
are run in the same area of the user’s plant.

8.2.4 A less preferred fieldbus cable is a single or
multiple, twisted pair cable without any shield,
hereinafter referred to as type “C” fieldbus cable.

The least preferred fieldbus cable is a multiple
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conductor cable without twisted pairs, hereinafter

referred to as type “D” fieldbus cable.

Type “C” and “D” cables will mainly be used in
retrofit applications. They will have some
limitations in fieldbus distance and signal/noise ratio
that the type “A” and “B” cables do not have. This
may preclude the use of type “C” and “D” cables in
certain applications.

8.2.5 Typical cable specifications at 25°C are listed
in table 9 below.
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TABLE 9
1 Jgu
Parameter Condition Type “B” Type “C” Type “D”
Jole Ll pl Bey Ces D ey
Impedance.Q oo (ilogsl fr (31.26 KHy) 100+30 not specified not specified
LRGPP Y [RSARRLE S0y
Maximum DC resistance. Q/Km Per conductor 56 132 20
SosheS 1 ok DC Casglin 2STas ool o
Maximum attenuation. dB/Km 1.25 fr (39 KHy) 5.0 8.0 8.0
g 0 schons Sl
Nominal conductor cross-sectional 0.32 0.13 1.25
area. mm? (wire size)
(o 0305) @50 yronkoa (g3l (ol ghaiio rhans
Maximum capacitive unbalance. nF/Km >30 m length 6 not specified not specified
FoghS 5 ol )18 gl ¢ S35 Jolw pae iSTas ol attice ol st

The maximum lengths for type “A” , ”"B”, “C” and
“D” cables, including all spurs, typically will be:

- type “A”-1900 m

- type “B”-1200 m

- type “C”’-400 m

- type “D”-200 m
8.2.6 Ten percent (10%) spare pairs should be
provided for all multipair fieldbus segment trunk
cables, with a minimum of one spare pair. This
requirement includes spares on trunk cable runs

between marshalling racks and junction boxes, and
between junction boxes.

9.JUNCTION BOXES, TERMINALS,
CONDUITS, AND TRAYS

9.1 Junction Boxes

9.1.1 Junction boxes shall be cast iron or cast
aluminum alloy (0.4% copper maximum). Sheet
shall be hot-dip
galvanized, with a minimum thickness of 1.6 mm.

steel enclosures when used
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(0.063 in) [Equivalent weight of coating approx. 610
g/m’ (2 0z/ft") of sheet]. Boxes shall be weatherproof
and watertight. Doors shall be provided with gaskets.

9.1.2 Proposals to use junction boxes made from
other suitable materials shall be submitted to the
user engineer for approval. Such proposals shall
include test data documenting the explosion proof,
fire resistance, corrosion resistance, and mechanical
strength of the proposed boxes.

9.2 Terminals

9.2.1 The size of terminal blocks and screws shall be
consistent with the wire size used with them.

Terminations shall be either:

a) "Captive" screw terminal strips used with
spade type wire ends, or;

b) "Modular" (or "Stacked") snap-in terminal
block assemblies of the screwed, pressure clamp
type. For stranded wire, crimp-on wire-end pins
or sleeves are required. Screws shall be "captive"
and shall not contact the wire, sleeve or end pin.

9.2.2 Terminal blocks shall be non-hygroscopic.
9.2.3 Spring type terminals are not acceptable.

9.2.4 Terminals shall be either tinned or silver
plated.

9.2.5 Facility for terminal identification shall be
provided.

9.2.6 At least 20%
considered.

spare terminals shall be

9.2.7 Terminals for intrinsically safe circuits shall be
segregated or separated form non-intrinsically safe
terminals by one of the following methods:

a) Locating intrinsically safe and non-
intrinsically safe terminals in separate enclosures.

b) Using an insulated or grounded metal partition
between terminals, subject to Company approval.

9.2.8 Terminal strips in enclosures containing
different intrinsically safe circuits shall be the type
with insulated or grounded metal partitions between
terminals i.e., "Barrier Type".
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9.2.9 Wiring methods shall prevent contact between
circuits, should a wire become disconnected from its
termination. Wire tie-downs are acceptable for this

purpose.

9.2.10 All multi conductor wire and conduit entering
the control house shall be sealed at the point of entry
as follows:

a) Direct burial cable shall be sleeved using
metal conduit or pipe, and the space between
cable and sleeve sealed so as to be liquid tight at
the point of entry.

b) Cable in conduit entering form underground
shall be sealed with an explosion-proof seal, at
the point of entry.

c) Cable in conduit entering aboveground shall
be sealed with an explosion-proof seal outside
the building wall, at the point of entry.

d) Explosion-proof seals shall be made with a
compound which can be poured around the wires
in the cable to form a dense, strong mass which is
insoluble in water, not attachable to petroleum
products, and has a melting point not less than
93°C.

e) Liquid tight seals may be made with a
compound similar to that described in sub
paragraph d) above. The compound shall be
poured to a depth equal to the nominal cable size,
but not less than 16 mm.

9.3 Conduits

9.3.1 Electrical conduit connections for locally
mounted instruments and devices shall be internally
threaded.

9.3.2 Conduit shall be steel, galvanized. Size of
conduit shall depend on the number of cables as
table 10 below:
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TABLE 10
Ve Joux
CONDUIT SIZE APPROX. NUMBER OF CABLES
Caigils o3l Lo RS (o0 85 Slass
STANDARD 2-CORE STANDARD SIGNAL
THERMOCOUPLE CABLE CABLE 1 x4 x1.2mm
NOMINAL DIA INSIDE DIA WITH WITH OD APROX.
Jloys b s s OD APPROX. 10 mm
mm 8 mm YV XEXV Y i s il LS
mm w N e
A3 L JsSee s atd, ¥ s lusteul S Ve o ol b L el
rorkeo A (oo )85 2> rools
25 21.8 2 1
40 34 6 4
50 46 10 8

Note:

When cables with other ODs are used, care shall be
taken to avoid application of more than 60% of the
max. possible number of cables in each conduit.

9.3.3 Conduit fittings shall be steel or malleable
iron, galvanized.

9.4 Trays

Trays, ladder, separators, their supports and other
fittings shall be made of mild galvanized steel.
Perforated across, each row of slots to be shifted
with regard to the preceding row, diameter of holes
and slots shall approximately be 7.14 mm (9/32
inch) in lengths of 2.438 m (8 feet).

Width:

Thickness: Shall be either 1.65 mm or 2.00 mm, as
specified.

Shall be as specified in data sheet.

Flange depth: Shall be either 12.7 mm (% inch) or
19.00 mm, (% inch) as specified.

9.5 Inspection & Testing

Refer to IPS-I-IN-100 "Inspection Standard for
General Instrument Systems"

10. PACKING FOR SHIPMENT

10.1 The cables shall be supplied on non returnable
drums with steel reinforced hub plates, the inner end
of cables shall be brought out through the side of the
drum/s.

10.2 Each drum shall be durably marked on the
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outside of the flange, with particulars of the cable
i.e. voltage, length, conductor size, and cable type.
The gross mass shall be shown and the Cable drums
shall be provided with a permanently attached
readily visible identification tags. Identification tags
should remain intact from the time of initial dispatch
at work to the final destination.

10.3 Before dispatch the manufacturer shall seal and
cap both ends of cables so that to prevent the ingress
of water during transportation and storage.
Projecting end of cables shall be protected from
mechanical damage.

10.4 The cable/s manufacturer shall be the sole
responsible for adequacy of preparation for
shipment of cables.

10.5 Shipping documents with exact description for
custom release shall be included.

11. GUARANTEE

11.1 All cables shall be guaranteed against defective
material, poor design and workmanship.

11.2 The vendor shall guarantee the cables
performance under specified conditions.

11.3 If any defect is discovered during the DC
voltage test performed after the cable installation,
the vendor shall be responsible for replacement of
the cable free of charge.

Unless otherwise agreed between the cable vendor
and the purchaser, the d.c. test voltage shall be equal
to 4Uo and shall be applied for fifteen minutes
according to the recommendations of IEC 60502-1.
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