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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, chemica  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
dipulated in the referenced standards. They are
aso 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 Nationa Iranian Oil Company, National
Iranian Gas Company, National Petrochemical
Company and Nationa 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 aprovision 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 recommended practices
for design and engineering of the main kinds of
signal transmission systems. It is intended to be
used in ail, gas, and petrochemical industries.

Digital signals transmission and communication
protocols ae covered by [PS-G-IN-25C
"Distributed Control System"

Note 1:

This is a revised verson of the standard
specification by the relevant technical committee
on Jan. 2001, 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 Jan. 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.

APl (AMERICAN PETROLEUM INSTITUTE)
RP 552 "Transmission Systems’

IEEE (INSTITUTATION OF ELECTRICAL
AND ELECTRONIC ENGINEERS)

IEEE 1143 "Guide On Shidding Practice for Low
Voltage cables'
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|EEE 1242 "Guide for Specifying and
Sdecting Power, Control, and
Specid-Purpose  cables  for
Petroleum and Chemicd Plants'

ISA/ANSI (THE INTERNATIONAL
SOCIETY OF AUTOMATION /AMERICAN
NATIONAL STANDARDS INSTITUTE)

MC 96.1 "Temperature M easurement
Thermocouples'

NFPA (NATIONAL FIRE PROTECTION
ASSOCIATION)

NFPA 70E "National Electric Code"

"Electricd Safety Requirements
for Employee Work Place"

IEC (INTERNATIONAL ELECTROTECHNICAL
COMMISSION)

60079 "Electrical  Apparatus  for
Explosive Gas Atmospheres’

60331 "Fire-Resisting Characteristics
of Electric Cables (1970)"

60332 "Test on Electric Cables under
Fire Conditions (1970)"

60529 "Classification of Degrees of
Protection Provided by
Enclosure (1989)"

60584-3 "Thermocouples,

Part-3 Extenson and Compensation Cables,
Tolerance and Identification System"

IPS (IRANIAN PETROLEUM STANDARDS)
|PS-E-GN-10C "Engineering Standard for Units
IPS-G-IN-25C  "General Standard for

Distributed Control Systems"

3. UNITS

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

4.1 Transmission Systems

4.1.1 The use of transmission systems, that permit
operation of one or more large process units from
a remote control center shall increases personnel
safety and convenience.

4.1.2 The measuring device or transmitter shall be
as near as possible to the point of measurement.

4.1.3 The following major factors should be
considered in the design of transmission systems.

a) The relationship of time constants among
process, transmission, and control lines.

b) The reliability of air and electric power
supplies.

¢) The routing and installation of tubing, and
wiring to maintain circuit integrity, to reduce
the possbility of damage from fire,
overheating from hot process lines or
equipment, and mechanical abuse , and ensure
immunity from electrical and radio-frequency
interference.

d) Theresistance of material and construction
to corrosion caused by chemicals in the

atmosphere or splatter from new construction
or maintenance.

e) Provisions for manual control, testing and
accessibility to instruments for maintenance.

f) Safety requirements.

4.2 Type of Transmission Systems
4.2.1 Electronic signal

Electronic signal transmission system will be
discussed in section 5.

4.2.2 Pneumatic signal

Pneumatic signals shall be used when there is a
special technical advantage, see section 14.

4.2.3 Fieldbus

The fieldbus is a digital two ways, multi-drop
communication system and providing local area
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network (LAN) for intelligent instruments and
other devices. (See Section 15).

4.2.4 Fiber optics

Fiber optics is the phrase applied to the use of
transparent glass or plastic fibers to carry light
signal's between devices. (see section 16).

4.2.5 Wireless communication

Wireless communication is the transfer of
information over a distance via radio waves
(See Section 17).

5. ELECTRONIC SYSTEMS

5.1 General

Electronic signal transmission includes analog and
digital signals that are used in measurement and
control systems.

Following factors shall be considered :

5.2 Standard Electronic Signal Ranges

All field instruments (analog and digital) shall be
operated on 24 volts DC and signal range of 4-20
milliamp DC shall be standard for process
instrument (analog signal).

Exceptions may be accepted for specia
instruments for which 24 volt DC is not
applicable. The standard polarity for all signals
shall be positive with respect to signal common.

5.3 Electrical Interference

Unwanted voltages enter an electronic signal
transmission system by the following means:

a) Inductive pickup from alternating-current
(AC) fields and/or radio-frequency (RF)
interference.

b) Electrostatic or capacitive coupling with
other signals.

c) Direct coupling with other circuits, by
means of |eakage current paths, ground current
loops, or a common return lead for more than
onecircuit.
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5.4 Reducing Electrical Interference
5.4.1 Electromagnetic coupling

Spurious signals from inductive pickup may be
eliminated by five methods:

a) Using twisted pair wires.

b) Routing signal wires away from strong
ACfield.

c) Eliminating or reducing the source.

d) Installing signal wiring in steel conduit or
covered trays.

e) Shielding the power line (if thisis known
to be the source of interference) or by installing
the power linein steel conduit.

For more information, refer to 1EEE 1143, 1242.

5.4.2 Electrostatic or capacitive coupling

The coupling shall be eiminated by putting a
grounded and electrically conductive shield
around the signal wires,only one end of the shield
shall be grounded.

The effect of crosstalk in digita should be
minimized by the following:

a) Eliminating resistance common to multiple
circuits, such as common return leads, power
supply output fuses, diodes used to switch
between redundant power supplies and use
appropriate capacitors.

b) Using type 1l or type VI cable (see tables 1
and 4).

c) Using individually isolated (floating)
circuits when type IV or type V cable is used.
If intrinsically safe barriers are used, avoid the
type which connects one side of circuit
directly to the ground.
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TABLE 1 - SPECIFIC APPLICATIONS WITH WIRING REQUIREMENTS, WIRE TYPE, AND
ENVIRONMENT

IPS-E-IN-190(2)
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salp sle Jps ool ol g
sl i g Sl sguze Sl ceglie b
inna yeol Lo
(et [, 1V-P)
Low energy I, VI I, VI I, VI TypeV for short runs;
low voltage RTDs may require traids
Sensors toS sle cdlas ol p Vs
(see 6-4) 3,10 03V s 4 RTDs
oS &5
oS 5ty slo S
(0 1, ¥-7)
Turbine meter I Il 11 Manufacturer's suggestions
(see 6.6) o3l dlgiion
s Sl
(ke 1, 77 02
Magnetic flow Note b Manufacturer's suggestions
Transmitters (see oaijlu oloiiny
6.7) b & )slsl
QL)> t_é‘l-"’ m;.‘;.w).é
smebliin
(e 1, V-7)
I[P Controls, [ 1ve I, 1v I, v, Vi No need Constant voltage source:
voltage signal &b receiver impedance
(see6.2) -._; | 100 times source
awlp ele s " | impedance.
63w5 JLS«-w o i o.).i):f ngxT.J ol )LJS s
(i 1, Y-5) FE U W KVON v U U
IP Contrals, Lva |11, 1veE ", v, Vi No need Verify wiring needs with
Distributed Manufacturer
control system
(seetable 4) o il | b sl b 55 e Lol
S ges | e
. bj.w
LY Jso) . os9
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Note: IP =Industrial Process:
For wire type, See Table 4.

a) Acceptable, but not recommended; it is not
possible to guarantee no electric fields.

b) Specia Type Ill, between magnetic flow
meter body, and 4-20 mA DC transmitters, as
above for 4-20 mADC.

5.4.3 Direct coupling by leakage paths

Leakage from one circuit to another may be
caused by moisture. Proper instaled wire,
terminal strip and dry air purge should be used to
eliminate or reduce leakages. High quality
insulation should be used in al circuits.

5.4.4 Direct coupling by common return lead

Single wire as a return lead for several signa
circuit to conduct currents for each circuit shall
not be used.

5.4.5 Separation of instrument and power
circuits

Power circuits of different power levels should be
installed with proper spacing to avoid interference
and to ensure proper transmission (See section 8).
Table 2 describes the five classes of power levels.
The minimum separation for circuits in each level
classis shown in table 3.
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LYL ceaS L slasole 0,5 1,8 oolainl 0)90 S0i3

2350 Sl ples s plgtee
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Olyla—o 9 3=80 3=l Ol ey g jlwlos B-F-0
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g o) ) a5 S5 5l 655l g
Sl iy @lire (5l Zobaw b 08 Ol o (LS
Comnd ) S 18 LS Sl 5l canlin Juolgd jo
3 6ildy s (g Al iy 7d (0gd Al A
o Shlace cogx gjlmlas Blas sl sl ¥ Jgo
ol ol ools LS Y Jaux yo o



I2S

Jan. 2010/ Y AA cyege

IPS-E-IN-190(2)

TABLE 2 - POWER LEVEL CLASSIFICATION
NP NVIPRCIPLI A Y PV

Level 1 Level 2 Level 3 Level 4 Level 5
(Low Level (Medium Level Signals) (High Level (Power) (High Power)
signals) Y abaw Signals) f b 0wl
V gl (Lo s JUiSns) ¥ b (& ,8) O & ,08)
(b o JLSw) O haw JLK)
Thermocouple Analog signal DC DC switching ACand DChbuses | ACand DC buses
electronic instruments circuits with with voltages of with voltages
voltages greater 0-800 and above 800 or
than 28 amperages of amperages above
i L I S 20-800. 800.
o o0 )il &
VA Sl G 55 b s | slaslids b s Ly | slosldy b peitene (L2
g | Ve bz g A Jlyae | by s Are Gl G
ol Aee I sl Aol i
Pulse signals Resistance temperature | AC circuit with
devices amperages less than

(sl o) ol JLSn

seslie (Il Jilag

28 (lighting circuits
convenience outlets,
back-of-panel
lights)

ool b gl iy sl

FoS
gz g sy S,
(Bl ey

o) YA

Strain gauge
bridge outputs

azmiw sl

Lighting and
Switching circuits with
DC voltages of 28 or
less

Jog 5 alad g (Slids, @ljloe
a3l y> slo 5Ly b
a5 b 2y YA

DC control buses
with voltages of 250
or less

LDC Jus sloarcs
oS L YO slaslds

Circuit to lights and
relay input buffers
with DC voltages of 28
or less
Lsle Bl s kelr e
VA foeine 55 b &,y (695
FeS s

DCrelay and
contactor coils

with voltages of 250
or less

o § oo (3 > &
LeSlss o g
FoS L YO (slajlds

Ground detection
circuit
Jlast sl sl las

%)
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Power and signal run in separates steel conduit; signal: individual shielded twisted pairs with overall

TABLE 3 - WIRE SEPARATION

e 3Ll =Y Jguo

cable shield. (API Type I11 and VI)?

-\.L.w 9 ‘).’&o -\.L.w 6‘)|‘> OML» e e>9) JL&A& P “).‘zo ‘50}?53 c.uss..blf 3o o o..x.il) Jl.«iuw 9 u).\ﬁ ‘SLDW

AP s sl VI g 1 g9 Jo15) . ol LS

Power Cable(s) Low Level (milli volts) mA DC (4-20)
@ 8 sllls (dy o) iy aww (¥+=F)DC ppol oo
Up to 125V @20A (4") 100 mm None Req'd

#]Y~)a¢J5\YAU @l F) s (Lo Ve G py 3 3550

125V to 500V @200A (12") 300 mm (6") 150 mm
el Yoo o cdgBee B cdy VYO (=!I \Y) o (oo Yo v (=) yo b VO

Over 500V (40") 900 mm (20")450 mm
A PR ) (! o) o o A0 (2! V) o b YO

Power and signal run in separate steel conduit; signal; twisted pair (API Il and V)°
00wl ot 29 SBpuw 1 JUKw 30 g0V 88 Cudguils ;o JUKew 9 08 sl

Z(APL 5 laitiwl V o 1 g5 Ji15)

Power Cable(s) Low Level (milli Volts) mA DC (4-20)
@8 slebls (g o) oy el (V+-$) DC pal o

Up to 125V @20A (8") 200 mm (4" 100 mm
JU R N AR I (g A) yio eV o (e F) yio oo Ve

125V to 500V @200A (15") 400 mm (8") 200 mm
el Yoo 0 cdg 000 B edy VYO (@) 10) yio (o T v (@l A) yo (o Yoo

Over 500V (48") 1200 mm (24™) 600 mm

T TR B (g FA) yio (Lo VY- - (@) YF) jo o £oe

Power and signal in tray; signal; shielded twisted pair (API 111 and V1)°

OR

Power and signal in tray With Metallic Barrier; Signal twisted pair (API 11 and V°)

(AP ,lbwt VI g HTT g5 JU)eaducis 51510 00l i sz 9 5: JUSomws o £ G JS10 JUSKw 9 @ jud 5o

()
8,Iwbewl VE g 11 g5 Jil5)oumli mte £9) g 1 LS oo 1578 05192 (5115 (o JS10 JUSKmw 9 &y (sLopnan
(API
Power Cable(s) Low Level (milli Volts) mA DC (4-20)
@b glebls (&g hw) ol b (¥+—F)DC ppol (hao
Upto 125V @20A (30") 750 mm (15") 400 mm
sl Yo 0 cdg \YO L (@l ¥*) yio oo YO (@2 V0) yio Lo Fe o
125V to 500V @200A (60") 1500 mm (30") 755 mm

el Yoo o cdgBee e IVO
Over 500V

g O 5l e

(el F0) jo oo 10 -
(180") 4500 mm

(& YA*) je Lo FO-

(&l ) s s YOO
(96") 9500 mm

(7! 4%) o Lo 0
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Power: steel conduit; signal; tray shielded twisted pair (API 111 and VI)
OR

Power in tray; signal in steel conduit, shielded twisted pairs (API 111 and VI)°

(AP1 3 lasbewl V1 g 1T g45 JolS) siomw J515 calids gy 00l mte 29 1)Uk (6 Loppnw £50Y g8 Cdgils 3 50 slogpuns
L

Sylilicwl VI g H g4 J15) ol (ol 10 ooy Lrg) (coYed Cudguilsys : JLSew cla ¢ 310 & yad oo
5 PLLLIFT N s (61510 0ul iy Lz 93 60V 99 Cadguils 5o 1 JUSow (sLdpunw (o JS15 503 (gL

*(API
Power Cable(s) Low Level (milli Volts) (4-20) mA DC
@y ldls (cdy (ko) (ol b DC ol (ho(Y+-F)
Up to 125V @20A (30") 750 mm (15") 400 mm
el Vo 0 cds \YO s (2 ¥*) jio b YO (=) 10) yo (oo T+
125V to 500V @200A (30") 750 mm (15") 400 mm
el Yoo o cdgdee b edg 1Y (gl Y*) o b VO (@21 V0) o (oo ¥
Over 500V (60") 1500 mm (30") 750 mm
OV SR (a5 yio o 10+ (=) ¥*) e oo VO-
Note: : 8910l
mA = milli ampere; DC = direct current; A = ampere. ool =A (i b ,> =DC (] Lo =MA
a) The above tables are for parallel runs up to e WV B slos slo e (10 395 Joloo (A
170 m (500 fee§) long; for longer runs increase 5 Vb S s 5l il Jobo (g30- +)
spacing proportionately to the parallel length. o o .
220 Gl (S5lge e Jobo S ) Jolgd
_ _ g sl g VYo 3 il lgol JUiSaw (o
b) 120-Volt instrument signals for aarms, s sl o "”J ’ "J . N
solenoids, and similar circuits should be treated Ols=mr ol alie Sljlae 5 (B sl el Slas ool
as power circuit in the above tables. 20,5 Al 598 Jolaz ;0 &y08 o
c) Group wiring by type and level: low level IR w5 g9 15 5l (S oo 095 (&
si'gnqlsto the farthest from power, next mA DC ol e Sllae 108 e a4y Connd abais oy 5490
circuits, next alarms; next 120V alarms; closest Lo bt oSlel < o bt 2Slel DC
are 120V solenoid valves and limit switches. sbosks el jlan lajlas el 5l sy cguny
.o..\.;.;Sajm LSLQ..\.JSQ
d) This information is based partly on data and i g Leosls bl (gadu Sledbl cul (o
partly on accepted and proven experience. Al e o0l 418 0y 5 ol Sl 25 el
6. ENGINEERING FACTORS IN SELECTION 1y B glgil olatl o (owiiie liade -#
OF WIRE TYPES FOR ELECTRONIC ja S el
SYSTEMS SS9 55 5w
6.1 Process Controls with Milli Ampere Signals S0l (oo JUK b w758 J s V-7
The standard signal is 4-20 milli ampere DC (two 93 i) s sl (oo Yo U T bl JUSn
wire system) type Il and V shall be used (see 3,25 18 oolaiwl 5,50 WLV g I o3 ol co (dopus

table 4). These wires or cables shall be enclosed in

conduits or laid in trays, and should not be mixed 2 Lad=l b Lo ol (093 osalie ¥ Jpue)

Loals g gd ool I3 wble g o b gl cosquils
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with AC signal wiring or power wires.

Gy slapw b ogliste b, JUSw Jols sl
S0 S bolxe

TABLE 4 - TYPES OF WIRE OR CABLE FOR SIGNAL TRANSMISSION
JUSw Jloyl gl S L oo 195l -F Jgur

Type Description Application
£y Sl 5,8
| Untwisted copper wire General
09l (ot (s o (JESews 528) (sogos 3)las
1l Single, unshielded twisted-pair copper wire Voltage signal
030l i & jger Ledloe 9 o) ST g e &5y JuSom
11 Single, shielded twisted-pair copper wire Milliamp signal
o3l o Sy Ll Il g5 S5 (gumo o Sl (oo JUSe
v Multipair cable of Type Il wire Voltage signal
I g5 o 3l @95 i sblS &3y JuSs
\% Multipair, overall shielded cable of Typell wire | Milliamp signal
I 95 s 51 IS Lablone sl 9) Sz s Sl (oo JuS
\ Multipair, overall shielded cable of Typelll Thermocouples, RTD
wire RTD J;sS g0,
M g5 s 5 S Llons L)l 95 iz o

6.2 Process Controls with Voltage Signals

Voltage signals should not be used for long
distance, one exception is vibration monitoring
systems. When avoltage signal is used, precaution
must be taken to ensure that the transmission
system does not degrade the measurement signal.
Typell & 1V shall be used.

6.3 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.

6.4 Process Control
Sensors.

Low

Low Energy/Voltage

Energy/Voltage Sensors include
thermocouples. Resistance temperature detectors
(RTDs) and strain gauges generate low DC voltages
when energized with a DC power supply.

Circuits that contain RTDs and strain gauges
should not be grounded at more than one point. The
preferred location is near the source of power and
on the lower voltage wire. Grounded thermocouples
should have no other grounded point than that in
the primary sensor. Type lll & VI should be used as

per table 4.
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6.5 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.

6.6 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.

6.7 Magnetic-Flow Transmitters

The electric signal from magnetic flow electrodesis
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.

7. SPECIFICATION FOR WIRES AND
CABLES IN ELECTRONIC SYSTEMS

The wires and cables classified into six types that
are described in table 4.

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

7.2 Stranded wire shal be used for signal
transmission, normally seven stranded wire is
used. For thermocouple wires normally seven
stranded wire is used.

7.3 The wire or cable should have a temperature
rating to meet environmental requirements. The
75°C is considered as a minimum. High
temperature insulation should be used in areas of
expected high temperature, such as furnace areas.

7.4 The overadl jacket material should be moisture
resistant, abrasion resistant and compatible with
the environment and flame retardant specified as
per |EC 60332. When cable is used in emergency
shutdown system, overall jacket as specified
material shall be fire resistant as per IEC 60331.
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7.5 The preferred shielding is auminized
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 eectrically insulated both inside and
outside.

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

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

7.8 Communication wire shall be included in the
multipair cable.

7.9 For cables to be installed on trays, the over
sheath shall be made of flame retardant PVC or an
elastomeric compound and resistant to petroleum
products, which satisfies the requirements of the
latest edition of IEC 60332.

7.10 The armour shall be galvanized round steel
wire supplemented by a helix of galvanized steel
tape to keep the armour wires tight. The thickness
of the galvanized steel tape shall be 0.3 mm. For
single core power cables the armour shall be made
of non-magnetic materials.

8. GUIDES ON SIGNALS SEPARATION

8.1 All the signals in muli pair cable or conduit
should be similar magnitude.

When wires for a wider range of signals must be
placed in the same cable or conduit, individual
pairs should be shielded and the shield grounded
at one point. Wires conducting AC signals should
also be segregated from wire conducting DC
signals of comparable magnitude (see Table No.
3).

8.2 As aguide for grouping wires bearing electric

signals of the same magnitude, generaly refer to
the following list:

8.2.1 DC voltage
Low: signal <100mv

Medium: 100mv<signal <5 volts
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High: 5volts <signa <75 volts

8.2.2 AC voltage
Same boundaries as for DC voltage signals

8.2.3 DC current
Signal <50mA

8.3 The wiring from sensors with low level signals
other than 4-20 mA shall be completely separated
from other sensors or signal circuits.

8.4 Thermocouple and RTD wiring should not be
mixed with wires bearing milli ampere signals,
because of the great difference in electrica
potential.

8.5 Wires for circuits in which sharp voltage
pulses are transmitted (such as relay contact
closures, relay coils, solenoid), should be
segregated from other wiring as per APl RP 552
section 9.1.

8.6 Signal and power wiring should not be in the
same conduit, or junction box. (see Table No. 3)

8.7 Intrinsically safe wiring should be physically
segregated from other wiring.

9. TRAYS AND CONDUITS

9.1 Cable trays may be used to support a larg
number of cables between two major points. Tray
use is generaly limited to Division 2 and non-
classified areas unless Intrinsically Safe wiring is
used.

9.2 Trays are either horizontal or vertica type
should be covered to protect cables or tubing.

9.3 For cable tray protection system from device
failures, cable failures, lightning, and accidental
contact with other electrica wiring, the tray
system must be effectively bonded and grounded.
A bare copper bonding cable is frequently
installed in the tray to provide electrical continuity
for grounding. Usual structural mounting practices
will ground trays at many paints.

9.4 Metal barriers approximately twice the height
of the larger cable shall be used to separate
different signal types as needed.
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9.5 In areas containing fire hazards, trays should
be fire proofed. Material with a fire resistance
rating of 1 hour for structural steel should not be
excepted to give signal wire with its plastic
insulation integrity for more than a few minutes.
A time of 10 minutes for fire protection is
suggested.

9.6 Environmental conditions should be
considered in selection of tray and conduit
materials. Galvanized steel trays and conduits
should be used as minimum.

9.7 Dead loads such as the weight of the cable and
tray and live loads such as ice, snow, wind,
earthquake, and pulling in forces must necessarily
be considered, during tray system structura
design.

9.8 In order to ensure the safety of all personnel
who come in contact with tray instalation,
specifications should require that all fabricated
pieces be free of burrs and sharp edges.

9.9 Above ground conduit runs may be used for
individual instrument wiring to terminal boxes for
handling wires and cables from terminal boxes to
the control room.

9.10 Non-metallic conduit materials are seldom
used above ground in process plants outside
control rooms and they are not recommended for
instrument wiring, since these provide no
electrical shielding.

9.11 When conduits are used for electrical
transmission signals, they shall be supported at
least once every 2 meters. They should never be
supported from process piping.

9.12 The shiedding effect of steel conduit is
serioudy reduced if electrical continuity is lost.
Conduit runs should be solidly connected to
assure continuity for their entire length. Taper
thread connections should be used on rigid
conduit.

9.13 Drains and seals should be considered in
order to prevent moisture in a close conduit
system.
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10. LIGHTNING PROTECTION

10.1 Instrument signal cables may be exposed to
high voltages caused by lightning, atmospheric
electrostatic phenomenon, power line transients,
or power lines faling on them. Ordinarily, no
protection is required if transmission cables are
enclosed in trenches, or grounded metallic
conduits.

10.2 For long distance fiber optics provide the
most obvious immunity to electrical surges, as it
should be the first choice.

10.3 For long distance, if fiber optics is not
available, and cables can not be protected by
routing along metallic shielding, protective
devices shall be used.

These devices are as follows:
1) Shield wires.

2) Carbon air gap arresters.
3) Hermetically sealed, gas-filled gap arresters.
4) Solid-state devices.
5) Fuses.
6) Inductive and resistive limiters.
7) Hybrid devices.
Refer to API- RP 552, for additional information.

11. JUNCTION BOXES

11.1 Junction box should be used to provide a
convenient location in which to connect
instrument wiring. Junction boxes should be used
to identify wires, to join wires in an orderly
arrangement, to enable reasonable lengths of cable
to be purchased and installed (See Fig. 1).

11.2 Wire splices should not be used.

11.3 The following factors should be considered
in junction box selection and design.

a) In door versus outdoor location and
degree of protection (IP) as |EC-60529.

b) The hazardous area classification.

c) Intrinsicaly safe versus non-intrinsically
safe installation.
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d) The presence of a corrosive atmosphere or Dlale Ghy; g 0,55 lad 925 (8
dripping liquids.
e) The materials of construction for the box. Az i (B
f) The size of the box, based on the number e i sljlgs slaws Gulusl ez o510l (9
of terminal strips.
g) The need for access to the box, and the S ol (idgy Slxio 5 laeys g9 g ol (5
number and type of doors or cover plates. A Ay s
h) The need for fire and blast protection. Sl g 251 e o cbilis & g0 (7
i) _AIIowance of adequate terminas for the Loaleds sl B sl Jlae s s Lo (b
shields.
11.4 The interior color of junction boxes should Sl Jlasl ez (21 S5 s (alBl slaes -1
be white to improve visibility. sl dies
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12. CONTROL ROOM WIRING

12.1 Wire routing in the control room shall be
done while separation consideration is to reduce
electrical interference.

12.2 The termination of field wiring in the control
room shall be generally at the marshaling cabinet.

Cables in auxiliary rooms shal run under false
floor. However, in control rooms appropriately
sized trenches shall be used to run the cables.

12.3 Intrinsically safe, non-intrinsically safe signal
transmission wiring, power wiring, alarms, and
motor control circuits shall be separated in
accordance with signal type.

12.4 The interference can be picked up by DC
power supply wires and fed back through the
power supply to other instruments. This
interference can be minimized by completely
enclosing the power supply wiring in a steel wire
way entirely up to the instrument case by using
short lengths of twisted pair cord where plug-in
concepts are used, and by instrument case design
which provides signal wire entry at a point some
distance from the power entry point.

12.5 Each device requiring control center power
shall have its own powering circuitry.

12.6 Each device requiring power should be
grounded to the control center by mounting to
affect a conducting path or by a ground wire.
Ground wire size should be no less than the
supply conductor wire size.

12.7 All wirings normally have identities at both
ends by suitable wire markers or color codesin a
accordance with the user's design documentation.

13. GROUNDING

13.1 All signa systems should have one high
quality instrument ground. The chief reason for
not using more than one earth ground is that
potential differences do exist between earth
grounds at different points within a given area.
These differences result from:
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1) Ground return paths of electrical equipment.

2) Natural soil differences and "battery action”
of the soil varying in voltage. Voltage
differences in this case are usualy less than a
few tenths of avolt.

3) Cathodic protection currents impressed on
steel in contact with the soil.

4) Induced currents caused by artificialy
induced magnetic fields, from electrica
machinery and distribution systems, from
electromagnetic activity such as radio station,
radar (commercia and military, naval, and air
craft), and from other sources of interference.

5) Ground faults of electrical systems.

6) Lightning and other atmospherically induced
static charge phenomenon.

Such potential differences can cause false signals,
or "noise" in instrument circuits and often cause
current flow in wireways, trays, and shields. These
false signals can in turn induce noise in circuits
within such enclosures.

13.2 Power grounds are typicaly specified as a
maximum of three to five ohms resistance to true
ground for most plant applications, and instrument
ground shall be less than one ohm resistance.

13.3 The instrument ground system separate from
the power ground should be used, unless
otherwise specified. With this approach, care is
necessary to avoid the accidental joining of the
two ground systems. Electrical isolation of the
instruments from incoming conduit, trays,
building steel, AC power supply, and the floor is
accomplished in order to ensure separation of the
two ground systems.

13.4 Upon completion, a ground system should be
tested to verify that an adequate system is
available. Periodically thereafter, testing should be
repeated to verify that the ground system is still
adequate.

13.5 The need for grounded transmission circuit
and the location of the intentional ground is
related to the type of instrument or sensor in the
circuit.
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13.6 Shields on signal wires/cables shall be
grounded at the marshaling cabinet only.

13.7 The panel board is usually grounded through
attachment to a ground bus which is attached to
the panel.

13.8 The cases of instruments supplied with
electric power should be grounded to protect
personnel from electric shock.

13.9 The panelboard should have at least one
ground bus. Two buses may be used also, one for
AC instrument grounds, and the other for DC
grounds (see figure 2). For more information refer
to APl RP 552, Sec. 20.

13.10 Buses are typically 6 mm thick and 25 mm
to 40 mm wide and constructed of copper
material.

13.11 Each panel section should have its own bus,
with the center of the bus connected to a ground
point which is common to al panel section
grounds, and from which an adequately sized
conductor leads to earth connection (See Fig. 2).

13.12 The grounding of cases should not be
confused with circuit ground, which usualy
requires other grounding procedures.

13.13 Conduit grounding should be taken into
account, if the presence of severe interference is
indicated.

13.14 All exposed non-current-carrying metallic
parts that could become energized with hazardous
potentials, must be reliably connected to the
equipment grounding circuit.

Equipment grounding assures that hazardous
potential differences do not exist between
individual instrument frames or between an
instrument frame and ground. Grounding circuits
must have a resistance low enough to operate over
current devices, should a ground fault occur
within the instrument (see Fig. 3).

13.15 The spare conductors in a multi conductor
cable should be grounded at one point so that they
do not induce large voltage surges on signa
circuits when nearby lightning strikes occur.
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13.16 If the thermocouple is located on
cathodically protected equipment, the
thermocouple should not be grounded.

13.17 For analog signals, the shield grounds shall
be terminated at a ground bus on the termination
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Note:

Some below grade spaces may be classified as
Div.1 if flammable gasses and vapors can
accumulate.

14. PNEUMATIC SYSTEMS

Pneumatic signals are used today in older plants
and where there is a special advantage to
pneumatics. The advantages, needs and
recommended methods are discussed here.

14.1 Pneumatic signal transmission shall have a
pressure range of 0.2-1.0 bar (3-15 Psi).

14.2 Pneumatic transmission lines shall be ¥ inch
outside diameter tubing, with typical wall
thickness variation of 0.8 to Imm.

14.3 The tubing shall be PV C sheathed copper or
stainless steel for singleruns.

144 Underground multi tube shall have
galvanized steel flexible armour, and be protected
overall against corrosion by a polyethylene jacket.

14.5 Instrument air shall be oil and dust free.

14.6 Instrument air should be dried to a dew point
(measured at distribution pressure) of at least 8°C
below the minimum local recorded ambient
temperature at the plant site.

14.7 Long continuous tubing runs should be used
to minimize the number of joints.

14.8 Bare ends and fittings should be protected
against corrosion by protective covering, which is
either corrosion resistant compound, or self
sealing plastic tape.

14.9 The pneumatic transmission lines shal be
properly supported and protected against
mechanical damage or overheating. The troughing
shall be adequately supported throughout its run in
the plant.

14.10 When ingtalling multi tube, each tube must
be appropriately coded throughout its length to
permit positive identification.
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14.11 In multi tube system, at least 20 per cent or
not less than two tubes per bundle shall be
provided as spares. In overhead instalations, 25
percent of spare spacing shal be provided for
future expansion.

14.12 Above ground multi tube shall be run on
trays.

14.13 When the length of the transmission line
between a controller and the corresponding
control valve exceeds 75 m., the line shal
terminate in a small volume device (e.g., a valve
positioner).

14.14 Provided the characteristics of any control
system are not adversely affected, transmission
distances may be up to 200 m.

14.15 For control loops requiring fast response,
the length of tubing shall be kept as short as
possible, the controller may be field mounted if
necessary.

a) Single or bundled tubes may be run from
field mounted instruments to the central control
room. The selection of either single or bundled
tubes is based on engineering economics.
Single or bundled tubes run from various field
mounted instruments to collection points
around a processing unit. From the various
collection points, the tubes meet and follow a
common route to the control room. Individual
tubes are run to junction boxes, which serve as
collection points, and then from each of the
junction boxes, bundled tubes are routed
together to the panel in the control room (see
Fig. 4).

b) Junction boxes provide neat installation, and
protection against flash fire corrosion, weather,
and prolong the legibility of tubing tagging
information.
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Notes:

1. Detail A: junction box utilized for breakout
from a large continuous bundle to a small bundle
and single tubes.

2. Detail B: junction box used to join severa small
tubing bundles to one large tubing bundle utilizing
aterminal plate and bulkhead fitting.

3. Detail C: junction box combining air header
and connections between large tubing bundle and
avariety of takeoffs.

14.16 Individual tube instalations are aways
mounted above ground and are supported by trays,
these tray designs can differ, and they may be
"trough” or "ladder" types.

Bundled tubing should be run underground unless
otherwise specified. When it is run above ground,
it may be supported by trays messenger cable, or
clamps (brackets). When run under ground, the
bundles may be in sand filled trenches or in
conduit which is embedded in concrete (see
figs.5).
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15. FIELD BUS

15.1 General

15.1.1 Fieldbusis an industrial network system for
real- time distributed control. Fieldbus works on a
network structure which typically alows different
network topologies. According to IEC 61158
standard, fieldbus has different protocol sets
caled 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.

15.1.2 Foundation fieldbus is an all digital, serid,
two-way communication system that interconnects
devices in the field such as sensors, actuators, and
controllers.

Foundation fieldbusis alocal area network (LAN)
for instruments, with built-in capability to
distribute a control application across the network.
Reference shall be made, and foundation fieldbus
application guidelines (refer to IEC-61158, IEC-
61499 ...).

15.2 Definitions

15.2.1 Segment is a section of a fieldbus which is
terminated in its characteristic impedance,
segments are linked by H1 card to the host system
to form a compl ete fieldbus system .

15.2.2 Spur is the branchHine (e.g. a link
connected to a segment at a point on its route)
which isafinal circuit for field device connection.

15.2.3 Trunk is the main communication highway
acting as a source of main supply to a number of
other links (spurs).

15.2.4 Terminator is an impedance-matching
module used at or near each end of atransmission
line that has the same characteristic impedance of
the line. Fieldbus devices may be powered either
from the segment (bus), or locally powered,
depending on the device design.
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15.3 Terminations

15.3.1 All terminators located in the field shall be
installed in a in a junction box. Terminators
should not be installed in the fieldbus device.

15.3.2 Allowable spur length for either bus or tree
topology are dependent on the number of
communication elements on the fieldbus. Table 5
relates the recommended number  of
communication elements to spur length.
Maximum spur lengths are the same for type “A”,
“B”, “C” and “D” cables as defined in paragraph.
The table assumes one communication element
per spur. When a spur with passive trunk coupler
has more than one communication e ement, the
length of that spur should be reduced by 30 m per
communication elements. As the recommended
maximum total spur length is 120 m, the
maximum number of communication elements per
spur should be four. Spurs of length less than 1 m
should be regarded as splices.
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15.4 Fieldbus Segment Design

15.4.1 Segments shall contain no more than 2 final
elements (Control Valve, MOV ...)

15.4.2 Segment design shall ensure that adequate
provision is made to accommodate later additions
and /or reallocation of devices.
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15.4.3 Segment loading requirements shall be
designed to prevent any problem likely to be
caused by overloading.

15.4.4 Grouping of instrumentation devices and
function blocks (FB) on the fieldbus segment shall
be such that a failure of one segment shall not
affect more than one I/O group.

15.4.5 Devices of different process units shall not
share common segments and H1 cards i.e
segments and H1 cards of process units shall be

segregated.

15.4.6 Only one device shall be connected to each
spur.

15.4.7 Redundant measurements and control 1oops
shall be on separate H1 segments.

15.4.8 Segment topology shall be the ‘tree’, ‘spur’
or ‘combination’. The ‘daisy chain’ is not
acceptable, see Fig. 6.

15.4.9 Segment power supplies shall be redundant
with output current limiter and fed by redundant
feeders from the host system. Each feeder from
the host system shall be independently fused. It
shall be possible to replace a faulty power supply
without de energizing the segment.

15.4.10 Power supply capacity shal include one
spur fault condition of 50 mA additional load.

15411 In FAT typicad segments shal be
established to include the worst cases of the
applications and tested with all H1 cards.

15.4.12 The primary Link Active Scheduler (LAS)
shall reside in the host controller card and the
backup LAS shall reside in a monitoring only
fieldbus device or a dedicated LAS device. Each
segment shall have an enabled backup LAS.

15.4.13 for simple/single PID control in the filed
device, al function blocks that make up that
control loop must reside on the same segment.
When all function blocks of a simple/ single PID
control loop cannot reside on the same segment,
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the PID control shall reside in the host system.
When simple/single loop PID control is
implemented in the field device, the PID function
block shall be located in the final control element.

16. FIBER OPTICS

16.1 General

16.1.1 Fiber opticsisthe technology of using glass
based waveguides to transport information from
on point to another point in the form of light.

16.1.2 Fiber Optic Cable is a cable containing one
or more fiber optic waveguides. Jacketing material
is provided to facilitate handling and to protect the
fiber. Maintenance of optical fiber cableis similar
to that required for conventional cables when
constructed of similar insulating and strength
member materials.

Normal plant protection shall be followed
emphasizing the need to protect the cable from
physical damage.

16.2 Underground Conduit System:

Underground ducts are made of polyvinyl chloride
types B, C and D multiple plastic duct, galvanized
steel and fiberglass. If the duct is exposure to
sunlight, a nonmetallic conduit shall be either
fiberglass or PVC type D conduit. Any above-
ground conduit run shall have expansion joints at
appropriate intervals, to account for flexing of the
material. The burial depth of a conduit system is
generally a minimum depth of 60 cm below final
grade.

17. WIRELESS COMMUNICATION
17.1 General

17.1.1 Wireless communication is the transfer of
information over a distance via radio waves.
Wireless sensor systems have the potential to help
industry use energy and materials more
efficiently, lower production costs, and increase
productivity.

While several standards concerning wireless
instrumentation exist in the world of process
control, wireless HART and ISA 100.11a seem to
be gaining the most support from equipment
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manufacturers and end users.

17.1.2 By spreading data transmission across the
available frequency band in a prearranged
schemes, spread spectrum encoding technology
makes the signal less vulnerable to noise,
interference, and snooping. The significant
amount of metal often found in industrial settings
can cause signals sent over a single frequency to
bounce and cancel other signals arriving at the
same time. Spread-spectrum technology helps
overcome this problem and allows multiple users
to share a frequency band with minimal
interference from other users.

17.2 Applications

17.2.1 The two most common spread spectrum
schemes that are suitable for industrial wireless
systems are frequency hopping spread spectrum
(FHSS) and direct sequence spread spectrum
(DSSS).

17.2.2 The smart wireless solutions in the field use
self-organizing mesh technology. Each wireless
device in a self-organizing network can act as a
router for other nearby devices, passing message
aong until they reach their destination. This
capability provides redundant communication
between each device and its gateway.

17.3 Wireless HART Basics:

17.3.1 The wireless verson of the HART
communication protocol, wirelessHART, uses a
wireless mesh networking multipath topology and
is designed specifically for process automation
applications. Each  wirelessHART  network
includes three main elements:

» Wireless field devices (or wired field devices
with wireless adapters) connected to process or
plan equipment.

* Gatewaysg/Access points that enable
communication between wireless field devices
and host applications connected via a high-
speed backbone or other existing plant
communications network.

« A Network Manager responsible for
configuring  the  network,  scheduling
communications, managing message routes and
monitoring network health.
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17.4 I1SA 100 Basics:

17.4.1 Similarly, ISA 100.11a is a multi-protocol
capability that also will allow to deploy a single,
integrated wireless infrastructure platform in a
plant. The standard network will have the ability
to simultaneously communicate with many
existing  application  protocols  wirelessly
throughout a plant, including HART, Foundation
Fieldbus, Modbus, Profibus, Common Industria
Protocol and more. The ISA 100 network will be
optimized to send al these protocols wirelessly,
preserving existing protocol investments and
protecting future protocol needs.
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APPENDICES
APPENDIX A

ELECTRONIC INSTRUMENTATION
WIRING TECHNIQUES

1. Electronic instruments use medium and low
level signals. These signals should involve small
values of voltage or current. These signals should
not be altered by any external means during their
transmission from the transmitter to the receiver,
for if some of the signa is lost or otherwise
modified, the receiver will give an erroneous
reading. Therefore, signal transmission for
electronic instrumentation requires careful wiring
techniques. Many problems encountered with
electronic instrumentation are the result of poor
practice or arrangement in the design of signa
wiring.

2. Good circuit continuity and good wiring and
terminal block insulation are required if the full
signal is going to reach the receiver, In order to
maintain good continuity, al wiring connections
must be well made for low resistance connections.
Poor connections are usualy high resistance and
allow an unexpected voltage drop to develop in
the circuit resulting in an erroneous reading. A
connection of this type may change resistance
with temperature, vibration, etc., and cause an
erratic reading.

3. Good insulation (high resistance insulation)
between individual conductors, between
conductors and the conduit wall, between
terminals, and between the terminals and the
terminal box is provided by careful materia
selection and application. Most insulating
materials lose efficiency when they are exposed to
chemicals and moisture becoming, in effect, high
resistance conductors. It is important that
insulation be suitable for moist and/or chemical
atmospheres. Moisture usualy finds its way into
outdoor installations of conduit and junction
boxes. The most common way is for air and
chemicals to be drawn in as the conduit and boxes
cool.

The moisture condenses and along with the
chemicals remains at the low points in the conduit
and boxes causing deterioration of the insulation
and/or connections.
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The signal may also be modified by additional
voltages and currents (called "noise") that are
unintentionally  introduced into the signa
transmission circuit. This noise is usually coupled
into the transmission circuit from other wires
running nearly and parallel to the signa wires or
from currents flowing in one of the signal wires
that is used as a common wire for several different
circuits.

Noise introduced from nearby wires is coupled
into the signal circuit through mutual inductance
or capacitance between the nearby wires and the
signal wiring. These effects are often experienced
when power wires are run along side of instrument
signal wires.

4, Mutual inductance is a type of coupling
between conductors, such as that existing between
the primary and secondary windings of a
transformer. When a wire is carrying aternating
current, a magnetic field is generated around the
wire. If a signal wire is running along side of a
wire carrying alternating current, it will be in the
aternating magnetic field and as the changing
magnetic field cuts through the signa wire,
aternating current will be generated in it. This
effect is directly proportional to the current
flowing through the source line and to the distance
that the lines are running paralel. It is inversely
proportional to the square of the distance between
the wires.

The noise produced in signa lines through mutual
inductance can be greatly reduced by running the
instrument signal lines the maximum distance
away from lines carrying power or other high-
level alternating and pulsating currents; running
signal lines in a magnetic shield such as steel
conduit, using twisted wires to cancel inducted
currents; providing common mode rejection in the
receiver instrument. Noise is not inductively
coupled to signa lines that are running at right
anglesto the AC wiring.
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5. NOISE REDUCTION BY TWISTED PAIR

ol ot Z9) bawgi p g B -0

Fig. A
o3|y (v

The advantages of a symmetrically twisted pair
transmission line over a parallel pair of wires are
based on the fact that much of the induced noise
will be cancelled out.

When aparallel pair of wiresisrun aong side of a
wire carrying an alternating current as in Figure
A, the resultant alternating magnetic field
generates an aternating current in each of the
paralel signal wires. The signal wire nearest to
the source of the alternating magnetic field will be
in a denser portion of the field and will therefore
have a greater current induced into it than the
current induced into the more distant wire. This
produces a difference in the induced AC voltage
(noise) appearing between the ends of one wire
and the ends of the other wire. When two wires
are connected into an instrument signal circuit, the
difference between the two induced voltages is an
AC noise voltage that is in series with the signal
circuit.

If the wires are twisted most of this voltage can be
cancelled out. The idea is illustrated in Fig. B. It
can be seen that, as the relative positions of the
two wires reserve with respect to the noise source,
each wire is in the strongest part of the field for
the same amount of its length as the other wire is.
This way the average current induced is nearly
equal in each wire. The voltage measured from
one end to the other of each wire of atwisted pair
will therefore be nearly equal and little noise
voltage will be induced in series with the
instrument signal circuit.
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6. NOISE REDUCTION BY COMMON
MODE REJECTION

If the signal circuits of both the transmitter and
receiver are references to some common
conductor such as the plant grounding system
another type of noise problem will result from
mutual inductance. Although the twisted pair
prevents noise from being induced in series with
the signal circuit, the noise voltage that is
common to both conductorsis still present.
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AC LINE

GROUND

In the system shown in figure C, the transmitter
terminal "b" is internaly connected to the
transmitter case which in turn is connected to
ground. The induced noise in wires A and B is
nearly equal so that noise current does not flow in
the circuit consisting of the transmitter signal
source, transmission lines, and the receiver input
impedance (R.). The induced noise voltage (Ey) is
returned through the transmitter signal circuit to
its case and through the ground path to the
receiver case. This common mode noise voltage
now appears between the receiver input system
and the receiver case. If any part of the receiver
input system is grounded, unbalanced noise
current will flow in the transmission lines and
noise voltage will be developed across R.. This
effect can be trouble some even if the receiver
input is grounded through resistance or a
reactance.

Fig. C
T S
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A Capacitance exists between al conductors that
are near to each other. Even if the input circuit is
well insulated from all circuits returning to the
case or ground, electrical capacitance will exist
between the wiring and components of the input
circuit and ground. This capacitance has the
property of permitting alternating current to
follow throughit.

(The opposition to current flow in a capacitance is
known as reactance.)

If enough stray capacitance exists in the receiver
input system, the reactance will be quite low
(permitting high AC currents to flow) and
unbalanced noise currents will flow in the signal
transmission system.

It can be seen that the sensitivity of an instrument
to common mode noise is a function off the
instrument design. When any instrument system
with poor common mode rejection and low level
signals is to be used, it is important to protect the
signal lines from AC magnetic fields. Twisted pair
lines are of no help in reducing common mode
noise.

7. The capacitive reactance present between
instrument signal lines and nearby wiring carrying
an AC or pulsating voltage can also produce a
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This distributed capacity can be looked at as a
group of connected capacitances between the
paralel line and the signal lines, as in Figure D.
The AC voltage on the parald line will cause
current to flow through the distributed capacitance
to the signal lines and couple AC noise voltage
into the signal wiring.
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It is important to note that twisted wiring tends to
provide an equal amount of distributed capacity
between each signal wire and the noise source
causing an equal amount of noise voltage to be
coupled into each signal wire and as noted before,
will cancel. The common mode noise will still be
present. The effects of capacitive coupling can be
greatly reduced by the use of shielded wire.
However, ordinary shielded wire has very little
effect on reducing noise that is induced through
magnetic coupling. When shielded wiring is used,
most of the noise is coupled to the shield, which is
returned to ground at the ground end.

If ashielded signal line is grounded on both ends,
a ground loop noise problem may be generated. A
voltage difference will usually be found between
various ground pointsin aplant. Thisis due to the
ground currents caused by motors and other
electrical equipment. A ground system of heavy
copper wire does not eliminate this voltage
difference between ground points. Then the ends
of shielded signal wire are connected to different
ground points, voltage existing between the
grounds will cause current to flow through the
shield. If the voltage between ground pointsis AC
or pulsing, an alternating magnetic field will
develop around the shield.

The magnetic fields will induce noise into the
signal wires inside of the shield. In a practical
installation, an insulating jacket should be
provided over the shield to prevent contact to any
but the selected point. If any part of the measuring
circuit in the receiver is grounded to the case, the
shield should also be grounded to the receiver
case. If either the transmitter or the receiver has an
ungrounded signal circuit, and the other unit has a
grounded signal circuit, the shield should be
grounded at the unit that has the grounded signal
circuit. Some instruments have a shield terminal
that isisolated from the case and ground both ends
of the shield should be connected when this type
of terminations provided.

Although steel conduit provides some shielding, it
is often necessary to use shielded cable inside of
conduit to provide alow noise signal transmission
circuit.
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The typical installation shown in Figure E provide
a general guide for industrial instrumentation.
Lines carrying similar types of low level signals
can usualy be grouped with each other in the
same conduit without interference. High-level AC
pulsed, or on-off signals should not be run in the
same conduit and/or pull-boxes with low and
medium level signals.

TRANSMITTER Reciever

i 1

7 v
_U-%-\m_?r_ _L(‘

SENSOR Reciever

SENSOR Reciaver

Reciever
me
................... t
Semema s s% smmmmasreih
A Nl et S R, T e
== | —
SENSOR Reciever
| ket ff;_"_'."'""""'——:‘-' e
1 cj Fat S ssamtEm . 2 ¥
. O e e —0 !
| S " T == = LTS, 9 .
__-‘ -l
Rachaver
THERMOCOUPLE
O 3 0
! L 15
s ¢
= .
s
Resistance .
thermometer Reciever

# - 2 1O
= 2
b rraen LAt s e

Algi o (@) UKy oald ools Lias diged cual loadig,
by las il caio 3ods il el S slotal,
2 Vs al55 e 0y s Lo (sloJUms ol
IR JBIS 9 oS b (089S Oy Sodgails So
I b g sl o oYL oo gl UK 03,5
o PUII-DOXES Ly etlS Sy 5 s oy 5 e

355 B Laagie 5 0ol o £33 1 JiSi ol 00

Differential Transformer, AC Strain Gauge, & other
low-level AC signals.

Sl s ioglie Bl g ohaS ¢ Lolis eile,shudl s
ol e gl ()b LIS

1-5 mA DC, balanced DC millivolts (where receiver
lacks AC noise regection filter) & balanced AC
millivolts signals.

5 (WL oo oslie Gl g o, ks WL ow S

Oilse sl Gl Sy (e slo JUSn
Unbalanced DC miillivolts signals (where receiver
lacks AC noise regjection filter) & unbalanced AC
millivolts signals.

aSsle ) Q}‘f“"u foofins uL:).> &g GL:.A sl JL&W
9 (Al (oo glie by g o) s a8l oS S

Oilsel wolie by g (oo slo JLSe
Very low level signals such as ionization chambers,
ph, and other analytica instruments (use where
recommended by manufacturer).

ojg sl Ul o il Lo mhe sl JLXew
Sygo 50) by dUl 580,15 Sl ple o PH (S
(595 oolatwl Buijle aog
Thermocouple (where receiver is provided with AC
noise rejection filter).
) ostie gl g8 5, kb oS aile)) W ssye s
DC actuated resistance thermometer (Where receiver
is provided with AC noise rgjection filter).

s by booad aslal IS0 Seglie giwles
o Dol oslie bz ngs 3y yild 0w S aSle)
s



I2S

Jan. 2010/ Y AA cyege

IPS-E-IN-190(2)

AC power should not be run in the same conduit
with any type of instrument signal leads unless the
instrument manufacturer specifically recommends
this procedure. If the instrument manufacturer
recommends the installation of power wiring in
the conduit with signal wiring, it is important that
he isinformed of the length of the signal line and
that be recommends the type of wiring or cable to
be used. The typica installations are shown for
moderate noise levels, several inches should be
maintained between instrument signal conduit,
and conduit carrying power to motors and other
equipment. If conduit is not used, instrument leads
should be several feet away from power wiring.
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TABLE 1- MINIMUM SEPARATION BETWEEN PARALLEL RUNS OF
POWER AND SIGNAL WIRING
JUSow 9 @yu8 (S e (53190 S prnnn (s alod JBlas - ) Jour
NON CRITICAL CONTROL AND POWER CRITERIA MINIMUM REQUIRED SPACING FROM CRITICAL
&y Lylgd g iy g J pS CONTROL CIRCUITS
Sl J S Ol 3l pg 3l 5590 abold JSlas
MAXIMUM CIRCUIT MAXIMUM CIRCUIT 2 AND 3 CONDUCTOR SINGLE CONDUCTOR
VOLTAGE (Amperes) CABLES CABLES
(Volts) Geal) o 25T oolo w5 90 LS wolo 5 sleLls
(d9) o 5Ld5 25l mm (inches) mm (inches)
S sk (& S sk (&2
125 10 150 (6) 300 (12)
250 50 250 (10) 375 (15)
440 200 300 (12) 450 (18)
5000 800 500 (20) 600 (24)
Notes: PIYIEY

1. For very critical control leads requiring an
overall accuracy of below 0.25 percent of full
scale, the maximum parallel run length with non-
critical circuits is approximately 6 meters. For
each additional 6 meters of parallel run, increase
the tray separation 300 mm. Critical leads may be
run in the same tray barriers are used.

2. For critica control leads requiring the
maintaining of normal mode noise below 100
millivolts, the maximum parallel run length with
non-critical circuitsis approximately 120 meters.
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