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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EXPLOSIVE ATMOSPHERES -

Part 39: Intrinsically safe systems with electronically
controlled spark duration limitation

OADCAALADD

FOREWORD

E International Electrotechnical Commission (IEC) is a worldwide organization for standardizations\com

ernational co-operation on all questions concerning standardization in the electrical and eléctronic fiel
5 end and in addition to other activities, IEC publishes International Standards, Technical Specific

pblication(s)”). Their preparation is entrusted to technical committees; any IEC Natiodal Committee inte
the subject dealt with may participate in this preparatory work. Internationak\governmental ang
ernmental organizations liaising with the IEC also participate in this preparatien+-IEC collaborates (¢

with the International Organization for Standardization (ISO) in accordanceswith” conditions determin

ag

2) Th
co
int

3) IE

eement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
hsensus of opinion on the relevant subjects since each technical committee has representation fr
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N

Coammittees in that sense. While all reasonable efforts are madé to ensure that the technical content

Pu
mi
4) In
tra
be

blications is accurate, IEC cannot be held responsible~for/the way in which they are used or fi
sinterpretation by any end user.

order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publig

ween any |IEC Publication and the corresponding~national or regional publication shall be clearly indic§

the latter.

5) IE
as
se

6) All

C itself does not provide any attestation, of conformity. Independent certification bodies provide conf
Eessment services and, in some areas, @ecess to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they haye the latest edition of this publication.

7) Nq liability shall attach to IEC orjits’directors, employees, servants or agents including individual exper|
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature’ whatsoever, whether direct or indirect, or for costs (including legal fee

ex
Pu

benses arising out ofethe publication, use of, or reliance upon, this IEC Publication or any othd
blications.

8) Atfention is drawn_to.the Normative references cited in this publication. Use of the referenced publicat
indispensable for.the correct application of this publication.

9) Atfention is drawn to the possibility that some of the elements of this IEC Publication may be the sub

pa

The
exce

ent rights._|[EC shall not be held responsible for identifying any or all such patent rights.

maijn-/task of IEC technical committees is to prepare International Standard

rising

national electrotechnical committees (IEC National Committees). The object of IEC fis| to promote

ds. To
htions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, (referred to ag “IEC

rested

non-
losely
ed by

htional
bm all

htional
bf IEC
r any

ations

nsparently to the maximum extent possible in their national and regional publications. Any divelgence

ted in
ormity

br any

s and
hge or
) and
r IEC

ons is

ect of

5. In

ptional circumstances, a technical committee may propose the publication of a tech

nical

specification when

+ the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 60079-39, which is a technical specification, has been prepared by subcommittee
31G: Intrinsically safe apparatus, of IEC technical committee 31: Equipment for explosive
atmospheres.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
31G/236A/DTS 31G/242/RVC

2015

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This

A lis
atmo

The

D

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

I of all parts in the IEC 60079 series, published under the general title Expl/
spheres, can be found on the IEC website.

committee has decided that the contents of this publication will remain unchanged

the dtability date indicated on the IEC web site under "http://webstore.iec.ch”" in the
relatg¢d to the specific publication. At this date, the publication will be

e trAansformed into an International standard,

e rgconfirmed,

e wjithdrawn,

o a

A bili

—
Far}

placed by a revised edition, or

mended.

hgual version of this publication may be issued at a later date.

The ¢ontents of the corrigendum of October-2020 have been included in this copy.

psive

until
data

IMP

ORTANT - The 'colour inside' logo on the cover page of this publication indicates
thaf it contains colours y'which are considered to be useful for the cor
understanding of its contents. Users should therefore print this document usin
colqur printer.
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INTRODUCTION

This part of IEC 60079, which is a Technical Specification, is being issued as a “prospective
standard for provisional application” in the field of Explosive Atmospheres — Intrinsically safe
systems with electronically controlled spark duration limitation because there is an urgent
need for guidance on how standards in this field should be used to meet an identified need.

Intrinsically safe systems with electronically controlled spark duration can provide more power
available in intrinsically safe circuits while maintaining the level of protection “ib” or “ic”. In
addition to limiting the voltage and current (similar to conventional intrinsically safe circuits),
the duration of the spark is limited, which also restricts the amount of energy available for
ignitipn.

The |general requirements for the installation of IS equipment are applicable to Pdgwer-i
circuits.

This hew technology allows an expansion in the field of industrial applications using thel type
of protection Intrinsic Safety ‘i.

This |technology, however, requires a new and more extensivesapproach of the type of

protection Intrinsic Safety “i”.
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EXPLOSIVE ATMOSPHERES -

Part 39: Intrinsically safe systems with electronically
controlled spark duration limitation

1 Scope

This [Technical Specification specifies the construction, testing, installation and mainterfance
of Popwer-i apparatus and systems which utilise electronically controlled spark “duration
limitdtion to maintain an adequate level of intrinsic safety.

This [Technical Specification contains requirements for intrinsically safe apparatus and wiring
intended for use in explosive atmospheres and for associated apparatus intendef for
conngction to intrinsically safe circuits entering such atmospheres.

This |Technical Specification excludes the level of protection “ia’ ‘and the use of softyare-
contrplled circuits.

This [Technical Specification applies to electrical equipmenfutilising voltages not higher|than
40 V|d.c. and a safety factor 1,5 for Groups IIB, IlIA, | and . It is also applicable to Groyp IIC
“ic” gpparatus with a safety factor 1,0. Group IIC “ibZ apparatus with a safety factor 1,p are
restricted to voltages up to 32 V d.c.

This |type of protection is applicable to electrical equipment in which the electrical cifcuits
thempgelves are incapable of causing an explésion of the surrounding explosive atmosphefres.

This [Technical Specification is applicable to intrinsically safe apparatus and systems which
utilis¢ electronically controlled spark™ duration limitation with the aim of providing more
electfical power while maintaining an"adequate level of safety.

This |Technical Specification_is also applicable to electrical equipment or parts of eledtrical
equigment located outside hazardous areas or protected by another type of protection |isted
in the IEC 60079 seri€s; where the intrinsic safety of the electrical circuits in explpsive
atmoppheres depends-on the design and construction of such electrical equipment or pafrts of
such|electrical equipment. The electrical circuits located in the hazardous area are evalliated
for uge in such tocations by applying this Technical Specification.

This |Techhical Specification supplements and modifies the requirements of IEC 600|79-0,
IEC 60079411, IEC 60079-14, IEC 60079-17 and IEC 60079-25.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60079-0, Explosive atmospheres — Part 0: Equipment — General requirements
"I'"

IEC 60079-11, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety

IEC 60079-14, Explosive atmospheres — Part 14: Electrical installations design, selection and
erection
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IEC 60079-25, Explosive atmospheres — Part 25: Intrinsically safe electrical systems

3 Definitions

For the purpose of this document, the terms and definitions given in IEC 60079-0 and
IEC 60079-11, as well as the following apply.

3.1

Power-i
intrinsically safe concept where the level of protection is provided by voltage and current

limitg

Note 1

Note 2
curren

3.2

Power-i device

Powd

3.3

Power-i terminator

unit {

Note 1

3.4

Power-i source

powe

Note 1

3.5

Power-i field device

devig

Note 1

3.6

Power-i mode

operg

Note 1
tables

tion and additional electronically controlled spark duration limitation

to entry: Power-i contains Power-i devices and Power-i wiring.

to entry: Power-i encompasses electric circuits which in the Power-i mode operaté)with voltag
t values which can exceed the values defined in IEC 60079-11.

r-i source, Power-i field device(s) and (if applicable) Power-i términator

b prevent reflections of voltage and current waves at the end of the Power-i wiring

to entry: The Power-i terminator is only relevant where<data transmission uses the Power-i wiring.

r supply for Power-i devices providing‘shutdown of power in case of faults

to entry: Operating in two modes: Power-i'mode and shutdown mode.

e that is connected to one'Power-i source via Power-i wiring

to entry: Power-i field-devices can have additional connections to other devices (e.g. loads).

ting modélof the Power-i source delivering the rated Power-i output power

to_entry: In this mode the values of permitted voltage and current can exceed the values of curveé
stated’in IEC 60079-11.

e and

s and

3.7

shutdown mode
operating mode of the Power-i source after a spark event has been detected

3.8

spark pulse
information resulting from a spark event in the Power-i system

Note 1

to entry: A distinction is made between the make spark pulse and the break spark pulse.
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Power-i response time

3.9.1
t

resp-source

2015

maximum delay time between the detection of the spark pulse and reaching the shutdown
mode (only relevant for the Power-i source)

3.9.2
t

resp-trunk

propagation time of the trunk cable used (only relevant for Power-i wiring)

3.9.3
t
time

respssystem

between the occurrence of a spark and the reduction of the spark power to

operation in the shutdown mode in a Power-i system

3.10

assessment factor AF

facto

Note 1

- A
th

- A

- of attenuation or sensitivity of Power-i devices and Power-i wiring

to entry: The assessment factor has to be distinguished between:

sessment factor for Power-i field devices, for the Power-i terminator‘and for Power-i wiring: In these
e assessment factor is a parameter for the attenuation of a spark pulse.

sessment factor for the Power-i source: In this case the assessment factor is a parameter defini

sgnsitivity for the detection of a spark pulse.

Note 4 to entry: The assessment factor should be expressed.in logarithmic units.

4 PRower-i architecture

In a
supp

Power-i system only one active Power-i source shall be connected via Power-i wiri
y one or several Power-i field 'devices. The simplest structure consists of one 3

Power-i source, Power-i wiring and<one Power-i field device (see Figure 1).

The
perm

use of redundant power supplies which present one effective source of pow,
jtted.

Power-i wiring

Power-i
source

Power-i
field device

safe

cases

hg the

ng to
ctive

er is

IEC

Figure 1 — The simplest Power-i architecture

A Power-i system may be extended to a complex system as shown in Figure 2.
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Power-i Power-i Power-i
wiring wiring wiring
) K+ Y \ trunk o ) trunk Y trunk i
Power-i E( ; - . ! — - W@ terminator
source ] ‘ ] ' | ]
- N | o ! T 7 ' R® (only used in
- 5 ) c special cases)
5 g 3
& ° 8
S Power-i )
field device Power-i
S2-1 field device
Power-i Sn
field device L 00 0—0 o0
S1 P P
) Power-i
field device
S2-2
by
by
- IEC
Figure 2 — Example of complex Power-i concept architecture
NOTE| The Power-i field device Sn is identical to Power-i field device S1, $S2-1/or S2-2 in terms of the connection

to Poy

of a type of protection prescribed by the IEC 60079 series suitable for thetapplications.

5 Requirements for Power-i devices

5.1

General

Powgr-i has to be considered as a system: Therefore the following requirements f
Powgr-i devices apply:

a) T

b) A

Wi
c) A
d) P

H
H
e) T

ti
e

bnditions (e.g. soft start) — neither by the Power-i wiring nor by the Power-i de

therefore Power-i requires the-consideration of the whole system.

th Annex A.
| Power-i devices-shall be classified in accordance with 5.7.

pwer-i devices_Jshall meet the requirements of I|IEC 60079-0, IEC 60079-11
C 60079-25.as applicable in addition to other IEC 60079 standards (e.g. IEC 600
C 60079:48-if applicable).

fects and component tolerance.

er-i wiring but is shown with additional output/input terminals. Thesg{términals are subject to requirdgments

orall

he detection of the spark pulse shall not be invalidated during static or transient

ices;

| Power-i devices and(the Power-i wiring shall be assessed and tested in accordance

and
79-7,

he application of these requirements shall additionally take into account any effgct in
ming._and sensitivity of the safety function of the Power-i devices due to temperjature

f) Faults determined to be the most onerous (e.g. for timing, sensitivity etc.) for the safety
function of Power-i devices shall be applied to equipment for all tests required by this
Technical Specification.

5.2

Power-i source

There shall be only one active Power-i source per Power-i system. The Power-i source shall
be placed at one end of the Power-i wiring (trunk).

A Power-i source shall detect make-sparks _(sparks occurring when short-circuiting an
electrical circuit causing a current change +%) and break-sparks (sparks occurring when

opening an electrical circuit causing a current change —Z—i) and it shall provide a fast

shutdown of the output power when a spark pulse occurs. Figure 3 shows the core elements
of a Power-i source with an upstream safety-relevant voltage and a current limitation unit.
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In all modes of operation where the intrinsically safe values based on conventional power
limitation according to IEC 60079-11 and IEC 60079-25 are exceeded, the detection of current

changes + z—i shall not be invalidated. This includes the transition phase from the safe mode to
the Power-i mode.

NOTE A current change Z—i might be suppressed in the constant current mode; therefore a spark cannot be
detected in this mode.

The Power-i source shall conform to thelfollowing safety-relevant requirements:

a)

b)

c)

d)

e)

< h
@© . =
o B
Qo :
R E E Aﬁ:‘;’ H
S 5!
voltage ! : I
*——O— and +di/dt — di/dt 0-sorce .
| "(r:nui::ian detector geleetol electronic | | o !
: switch (B gl
S) i 8 : |
o
* acc. to SR/
® Q IEC 60079 ®
series Power-i
wiring
-~

NS IEC

Figure 3 — Elements of a Power-i source with voltage and current limitation

The Power-i source output current /o o rce 8Nd output voltage Ug_gorce limited by the
vpltage and current limitatiopvshall meet the requirements of Table 1 and Table 2.
T

he Power-i source shall be capable of detecting dynamic changes of the output cyrrent
Ip % as defined_in. A.3.2. The source shall react with a subsequent transition|from

Plower-i mode to"shtutdown mode.

I the shutdown mode the value of the output current Iy, ;iqown May be zero but shajll not
exceed 50.%of the permissible current /5 gc based on IEC 60079-11 or IEC 60079-25
wjith the ‘applicable safety factor for the appropriate Power-i voltage class; in this case the
fgllowing equation applies.

L L faW ~a 4
Ishutdown — £1O-source = Y:YIO-|EC -

Within 20 us of the spark disturbance information arriving at the Power-i source, the
output current of the Power-i source shall be equal to or less than 75% of the /5 g -value
within the first 20 us of the transition to shutdown mode a transient output current
Ishutdown-20us Of 75 % of the I gc value is allowed (see Figure A.5); in this case the
following equation applies:

Ishutdown—20ps =10_source < 0’7510—IEC .

The transient output voltage overshoot Uovershoot-40RS
a

exceed the rated output voltage Ug_goyrce DY more t
40 us. In this case the following equation applies:

during shutdown mode shall not
n 6 V for a maximum duration of
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Uovershoot—40us < Uo—source + 6V .

f) The Power-i source shall meet the requirements of the test procedures of A.3.2.

g) The following components of the Power-i source (see Figure 3) are safety relevant and
shall meet the requirements of 5.1 a) and d) for the respective type of protection:

e output voltage limitation Ug_goyrce @nd output current limitation /g _goyrces
o +% detector and —Z detector;
at dat

e |ogic and

e| electronic switch.

h) The output circuit of a Power-i source shall be isolated from earth. The requiremenis for
He isolation shall be taken from IEC 60079-11.

—

5.3 Power-i field device

Power-i field devices consist of a decoupling device and the actual load.Power-i field dejvices
shall|decouple the load from the Power-i wiring.

The design of a Power-i field device shall ensure the detection of a‘spark pulse in accordance
with this Technical Specification.

Powgr-i field devices shall meet the following safety-relevant requirements:

a) They shall ensure that both, make-sparks and bréak-sparks, are not attenuated in any way
that the detection by the Power-i source is invalidated.

b) Under normal or fault conditions as specified in IEC 60079-11 the power-i field dgvice
shall remain passive, that is the terminats~shall not be a source of energy to the system
ekcept for a leakage current not greater than 50 pA.

The [consideration of Li and Ci for.Power-i field devices based on IEC 60079-11 i$ not
requifed. This is taken into account (h the test procedures described in A.3.3.

c) They shall have an appropriate type of protection in accordance with IEC 60079-0 fgr the
respective explosive atmosphere in which they are used.
d) They shall have safety-relevant parameters determined in accordance with A.3.3.

NDTE Due to parallel connection with Power-i wiring, the Power-i response time for field deviges is
negligible.

e) Al components determinant for both the assessment factor 4Ffq 14 gevice @nd the respult of
the transition pulse test (A.3.3.4) shall meet the requirements of 5.1 a).

f) The input circuit of a Power-i field device shall be isolated from earth. The requirements
for.the isolation from earth shall be taken from IEC 60079-11.

As an example the Power-i field device shown in Figure 4 conforms to the requirements
mentioned above and can be used for a wide field of applications. The field device in Figure 4
consists of a decoupling device in combination with an arbitrary load.

The basic structure of the Power-i field device depicted in Figure 4 shows the elements
necessary to ensure that both make and break sparks are not attenuated in such a way that
the detection by the Power-i source is invalidated.

In Figure 4 inductance L, capacitance C, all diodes and the V-limitation unit are safety
relevant and shall meet the requirements of 5.1 for the appropriate type of protection.
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Power-i wiring

spur

V-limitation
u unit

The
X) m
acco

Pracf

5.4
The §
a) T

d
b) A

c)

M
P
d T
d

N
tin

v C OQ—o—P

decoupling
device

actual load

——

load

~ IEC
Figure 4 — Example of a universal Power-i field device (basic structure)

-limitation unit shall limit the positive voltage (plus (£).at point Y and minus (-) at
easured from Y to X to a value of 5V + 1V a@nd shall meet the requiremen
dance with A.3.3.4.

ical examples of Figure 4 are shown in C.3;
Power-i wiring

Power-i wiring shall meet the followiAg requirements:

ctection of a relevant make-or break spark pulse;

ulti-core (multi-girguit) cable type C as defined in IEC 60079-25 shall be exclude
pwer-i wiring;

ne system-fesponse time /g5, system depends decisively on the length and propad
blay of the‘Power-i trunk cable used; the requirements of Table 3 shall apply;

he/Or the Power-i trunk (see A.3.4).

T +l £ Ll
1 9 T datll

point
ts in

he transmission of a spark “pulse shall not be impaired in a way that prevent$ the

Il Power-i wiring (Powersi trunk cable including all spur cables) shall meet the spgcific
requirements given in IEC 60079-11, IEC 60079-14 and IEC 60079-25;

d for

ation

DTE (" The cable parameters and the cable length are safety-relevant and determine the maximum regponse

e) T
in

H ] $ho £ K H L Had + 4 L H $aotol |
TS TTTAATTTITUTIT TCTIy LT Ul ©Tavlt opul 1o Tmocu tu - TV 11T, S TITAATTIUTTIT tutdar 1Tiiygtn U

the whole Power-i system is 50 m;

purs

f) If the Power-i trunk cable length is less than 40 m, the value of response time of this cable

is

considered to be 0,5 us (see A.3.4.2);

in this case the spur length of each spur is limited to 10 m and the total length of all spurs
in the whole Power-i system is 20 m;

g) The calculation basis for characteristic cable impedance Z,y in this Technical Specification
is Zy =100 Q; the permitted range of characteristic cable impedance Z,, for Power-i
wiring is 80 Q < Z, < 120 Q; the specified values for the characteristic cable impedance
refer to a measuring frequency of 100 kHz + 20 %.

S
h) T

ection g) does not apply for f);
he wiring shall meet the requirements of 6 and A.3.4;


https://iecnorm.com/api/?name=ed388c710f3b7b548b8692a892c81e49

IEC TS 60079-39:2015 © IEC 2015 - 15—

i) The use of a screen for Power-i wiring is not essential for safety; if a screen is used it may
be earthed as long as it is isolated from the Power-i circuit in accordance with the cable
dielectric strength requirements of IEC 60079-25;

j) The Power-i wiring shall be isolated from earth. The requirements for the isolation from
earth shall be in accordance with the cable dielectric strength requirements of IEC 60079-
25.

5.5 Power-i terminator

Where used, a Power-i terminator shall meet the following requirements:

a) ltrshat-have-safetyrelevantparameters—determined-aceordingto-A3-5-
b) Al components of the Power-i terminator to prevent feeding back of the currentifretn the
Power-i terminator into the Power-i wiring and all components determinand fofr the
apsessment factor AF  minator (8€€ A.3.5.3 ) are safety relevant and shall” meef the
requirements of 5.1 a).

t|shall have a type of protection in accordance with IEC 60079-0 for use, in the appropriate
explosive atmosphere.

c)

d) The input circuit of a Power-i terminator shall be isolated from earth: The requiremengs for
the isolation from earth shall be taken from IEC 60079-11.

NOTE|1 The Power-i terminator ensures an ac-matching to the characteristie’impedance of the connecteq trunk
and is|only necessary in case of data transmission as for example in fieldbus\Systems.

NOTE|2 Due to parallel connection with Power-i wiring, the Power-i'response time for terminators is negligifjle.

An example of a Power-i terminator is shown in Figute 'C.5.

5.6 | Test instruments for Power-i loop check

Intrinsically safe test instruments in accordance with IEC 60079-11 may be connected difectly
to Ppwer-i wiring without further verification of the Power-i system if the following
requirements are observed:

a) the effective inductance L, of 6 [tH is not exceeded (L; < 5 pH);

b) the effective input capacitance C; of 1 nF is not exceeded, additionally the input resisfance
RL shall not be less than 10 kQ (Rg > 10 kQ);

c) the test instrumentishall have input parameters U; and I; not less than the voltagg and
Lirrent class of the_Power-i circuit;

(o]

d) the test insttument shall not be a source of energy to the system except for a legkage
Lrrent not{gréater than 50 pA.

[¢]

Alternatively-where test instruments complying with the requirements for Power-i field dejices
are used,\they shall be included in the verification of a Power-i system according to 6.2.

NOTE These requirements do not apply to test instruments used by the manufacturer during production, test,
repair or overhaul.

5.7 Power-i application classes

Each Power-i device shall be classified into Power-i application classes according to Table 1
and Table 2.
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Table 1 — Definition of Power-i voltage classes

maximum output voltage Uqg_ o rce Power-i voltage class
24V 24v
32V 32v
40V 40V

Table 2 — Definition of Power-i current classes

The
acco

Powd
limitd
With

to pn
conn

6

[ds)

6.1

The maximum permissible Power-i current class given in 5.7 depends on the selected Po

volta
Grou

Tabld
1,0 a

maximum output current I gource Power-i current class
0,5A 0A5
1,0A 1A0
1,5A 1A5
20A 2A0
25A 2A5

voltage and current values of Table 1 and Table 2 shall_not be exceeded taking
int the applicable faults according to IEC 60079-11.

r-i field devices and Power-i terminators provided‘with a safety-relevant internal cy
tion can be assigned to Power-i current class 2A5.

the internal current limitation it is not necessary that the Power-i source limits the cy
event overload of the Power-i field deVice or Power-i terminator and so it m3g
bcted even to a Power-i source of currént class 2A5.

yystem requirements

Selection of the permissible Power- i current class of the Power-i source

je class and on the'Power-i system response time /5, s/stem taking into accoun
b and safety factor'required for the specific application.

3 showssthe permitted combinations for Groups I, Il and Il with the safety facto
nd SF 1¢(5ydepending on the respective level of protection.

2015

into

rrent

rrent
y be

wer-i
t the

s SF
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Table 3 — Permitted combinations of Power-i application classes for Power-i sources

as a function of the system response time for all Groups (n.a. = not allowed)

Group voltage class permitted maximum Power-i current class of Power-i sources
+
system response time ¢
safety factor y P resp-system
SF 1us 2 us 4 us 6 us 8 us 10 us 12 us
IIC “ib” 24V 2A0 1A5 1A0 1A0 0A5 0A5 n.a.
SF 1,5 32v 2A0 1A5 1A0 0A5 0A5 n.a. n.a.
1C “ic” 24V 2A5 2A5 2A0 1A5 1A0 0A5 0A5
§F 1,0 32v 2A5 2A0 1A5 1A0 0A5 0A5 nla.
40V 2A5 1A5 1A0 1A0 0A5 n.a. nla.
1B “ib” 24V 2A5 2A5 2A0 1A5 1A0 +AQ (0).%5)
§F 1,5 32V 2A5 2A5 1A5 1A0 1A0 0A5 OA5
40V 2A5 2A0 1A5 1A0 0A5 0A5 OAS5
IIB ['ic” SF 24V 2A5 2A5 2A0 1A5 1A0 1A0 OA5
1,0
32v 2A5 2A5 2A0 1A5 1A0 1A0 OA5
and
40V 2A5 2A0 1A5 1A0 1A0 0A5 OA5
HA,[I and 111
SF 1/0 and 1,5
NOTH 1 The allowed current classes in Table 3 are based™on a maximum possible voltage incfease
of 1 V/us for a spark event.
NOTB 2 Example: The selected Power-i voltage\\class is 32V and the selected system
response time is 2 ps:
IIC SF=1,5: maximum permitted Power-i current class\for the Power-i source is 1A5 (in addition 1A0 and 0A5 are
permitted);
1B SF=1,5: maximum permitted Power-i current class for the Power-i source is 2A5; (in addition 2A0, 1AY, 1A0
and OA5 are permitted);
NOTH 3 The permitted values for Greups IIA, | and Ill are the same as allowed for Group IIB ic.
Praciical examples of applications of Table 3 are shown in Annex D.
The |assessment \\procedures specified in Annex A have been defined and optimized
specifically for /the parameters in Table 3 and the above-mentioned requirements.| The
intergonnection conditions for various Power-i devices allow interoperability and plug-and-play
applications;
NOTELl4 2Parameters hpynnd the ranges of Table 1_Table 2 or Table 3 require special considerations and dre not

covered by this Technical Specification.

6.2

Verification of a Power-i system

The interconnection of all Power-i devices and the Power-i wiring used in a Power-i system

shall

fully meet the following requirements:

NOTE For Power-i devices the information necessary for this verification is stated in the documentation and on in
the marking of each Power-i device.

a) The Power-i voltage class of Power-i field devices and Power-i terminators shall be higher
than or equal to the Power-i voltage class of the Power-i source.

b) The Power-i current class of all Power-i field devices and the Power-i terminators shall
match the current class of the Power-i source according to Table 4.
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Table 4 — Power-i current classes of Power-i field devices or
Power-i terminators matching the current class of the Power-i source
Power-i current class allowed Power-i current classes for
of Power-i source Power-i field devices and Power-i terminators
0A5 0A5 / 1A0 / 1A5 | 2A0/ 2A5
1A0 1A0 / 1A5 / 2A0/ 2A5
1A5 1A5 / 2A0/ 2A5
2A0 2A0 / 2A5
2A5 2A5
c) The Power-i system response time tresp-system shall not exceed the value-givén in
Thable 3 for the Power-i voltage and current class of the Power-i source used, 'taking into
account the Group and the safety factor of the specific application.
Determine the Power-i system response time #,¢¢, s stem iN @ccordance’with A.3.4.
The following applies:
tresp—system = tresp—source + 2tresp—trunk
d) The sum of the assessment factors (AF) of all Power-i. field devices, Power-i wiring and

he following applies:

AFsource = (AFterminator + AFpower—i—trunk. + AFfield—device—1 + AFfield—device—2 -+

Figure 5 illustrates the assessment process of a Power-i system. Practical example
shown in Annex D.

pwer-i terminators in a Power-i system shall not exceed the assessment factor df the
pwer-i source used. The assessment factors are determined in accordance with A.3.

b are
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7

7.1

Do the Power-i voltage and h
NO current classes of all Power-i
devices and Power-i wiring
correspond to each other ?
J

YES

A 4

|
|

[

|

|

|

|

|

[

|

|

[

[

|

' -

! NO Power-t assessment factor
| AF e in compliance with the
: L requirements of clause 6.2. d) ?
|

[

|

|

|

|

|

|

[

|

|

[

|

|

[

|

[

YES

Y

NO Power-i system response time
fespsystem IN COMpliance with
clause 6.2.c) ?

in compliance Power-i system meets

the Powe!-i requirements

with Power-i
requirements !

IEC

Figure 5 — Basic assessment'procedure for a Power-i system

Assessment and testing

Procedure to define safety-relevant parameters

The safety-relevant parameters of Power-i devices and Power-i wiring shall be determined

and
giver in Annex A.

a)

b)

d)

erified in accordafice with the following Power-i test procedures. Detailed information is

Dletermine thieisafety-relevant maximum electrical values (voltage U and current I)|as a
bpsis for the Classification into the Power-i voltage and current classes in accordanceg with
ause S5\~

o (see A.3.2.2) and the

c
Determine the response time of the Power-i source fo5n sourc

(see A 342\
TESP-trumnk—~ 7

résponse time of of the Power-i trunk ¢

Determine the Power-i-specific assessment factors (4F) of the Power-i source, the Power-i
field device(s) and — if applicable — the Power-i terminator applying the test methods
specified in A.3.2.3, A.3.3.3 and A.3.5.3.

NOTE 1 To assess the safety of a Power-i system, the sum of the assessment factors AF of all Power-i
devices including Power-i wiring contained in the system is relevant.

Power-i field devices and Power-i sources shall meet the requirements of the transition-
pulse test specified in A.3.2.5 and A.3.3.4.
NOTE 2 This test is necessary to ensure intrinsically safe transition behaviour (test of the spark pulse

characteristic).

Power-i sources shall meet the requirements of the routine test for assessment factors in
accordance with A.3.2.4.
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Table 5 shows in detail the relevant Power-i test procedures (a) to (e) for each Power-i device

and for Power-i wiring.

Table 5 — Relevance for Power-i test procedures

Power-i test Power-i Power-i Power-i Power-i
procedures source field device terminator wiring

(a) safety-relevant electrical parameter type test type test type test see
A.3.2.1 A.3.3.1 A.3.5.1 A.3.4.1
(b) maximum response time tresp type test not not relevant
A.3.2.2 relevant relevant A.3.4.2
(c) gssessment factor AF type test type test type test relévgnt
A.3.2.3 A.3.3.3 A.3.5.3 AN34|3

(d) fransition-pulse test type test type test not not
A.3.2.5 A.3.3.4 relevant relevgnt

(e) assessment - factor test routine test not not not
A.3.2.4 relevant relevant relevgnt

NOTE|3 The testing methods specified in Annex A are based on the applicatiof of defined test pulses. Thereby

the dlteration of the test pulse by

the Power-i

devices

including ,Rower-i

wiring  will

be andlyzed.

This ¢nables the interoperability and the plug-and-play function of different Power-i devices from different

manufpcturers.

7.2 | Type test

Type|tests shall be performed according to Table 5.

7.3 Routine test

Routine tests shall be conducted on each“Power-i source to verify the assessment factor

AF o lrce (S€€ Table 5).

8 Marking of Power-i devices

8.1 General

Except where modifiedSby this section, each apparatus shall be marked in accordance
IEC §0079-0 and IEC.60079-11 and additionally with the word “Power-i” followed b
indication of its function, i.e. “source”, “field device” or “terminator”.

Whene apparatus is dual marked so that it can be used in both a Power-i system 3
conveéntiomalintrinsically safe system, care shall be taken to differentiate between the Pg
mark|ng and the marking for the conventional intrinsically safe system.

with
y an

nd a
wer-i

For Power-i sources, output parameters Ug, Iy, Cqy, Ly, Pg and Lg/Rgy need not be marked.
For Power-i field devices and Power-i terminators, input and internal parameters Uj, [j, Cj, Lj,
P; and L;/R; need not be marked. Instead of these parameters the following specifications
shall be used: Power-i voltage and current classes, the specified Power-i assessment factor
AF and, if applicable, the specified Power-i response time Iresp-

8.2

Examples of marking

The following are examples of marking.

a) Power supply

Power-i source
John Delon Ltd., SW99 2AJ UK, Type ACD-XX1
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-5°C<T,<+50°C

PTB-Nr 13C 98765

Serial No. 012345

[Ex ib Gb] IIC

IN: Upn =250V

OUT: 32V1A0

tresp = 1,2 us AF =12

b) Power supply

Ppwer-i source

Max Denver Ltd., SW99 2AJ UK, Type BCD-YY1
10°C<T,<+50°C

P[TB-Nr 13C 98722

Sgrial No. 012333

Ek eb mb [ib] IIC T4 Gb

IN: Up =250V

OuT: 32V2A0

=0,7 pus AF =10

tresp
c) Fleld device
Ppwer-i field device

Peter Pan plc., GL99 1JA UK, Type ZZS-222A
BAS 13 C 151860

Sgrial No. 812369

Ek ib mb 1IC T4 Gb

IN: 32V1A5

AF = 3,1

d) Fleld device
Ppwer-i field device

Hans Miller GmbH, 38116 Braunschweig, D, Type 1AZS-33A
BAS 02 A 1234

Skrial No. 220367

Ek ib 1IBx\T4 Gb

IN: 40V1A5

4L = 2 Q
71T =0

9 Instructions

Instructions required in Documentation of IEC 60079-11 shall additionally contain the type of
device with power-i parameters:

e Power-i source: OUT, /45, and AF;

e Power-i field device and Power-i terminator: IN and AF;

For Power-i sources, output parameters U, I,, C,, Ly, P, and L, /R, need not be mentioned.

For Power-i field devices and Power-i terminators, input and internal parameters v, 1, ¢, L;, P,
and L/Rr, need not be mentioned.
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Annex A
(normative)

Assessment of Power-i safety parameters

General

2015

The determination and verification of the safety-relevant parameters for Power-i devices and
Power-i wiring are based on the Power-i specific test procedures as described in 7.1 and in

this

nnex. The necessarv assessment and test nrocedures are shown in Table 5
PA Lud

A.2 | Power-i specific test equipment

A.2

A Power-i universal test equipment

Figure A.1 shows the schematic diagram of the Power-i universal test-equipment us
determine the Power-i specific parameter and to confirm the Power-i specific behaviour.

Components of the Power-i universal test equipment (FigureA.1)

Pulse generator

Afjustable single shot pulse generator which generates two different types of refer
rgctangular pulses with rise and fall times less thafi 0,2 us;

a) reference rectangular pulse for break sparks\.= —Z—i:

a single shot positive rectapgular pulse with an amplitude

Upuis-ref =t10V £ 5 %; the absolute<value of the amplitude can be adjusted to

values and has a defined referencerpulse duration of #,is¢_generator = 20 1S £ 5 %;
di
b) reference rectangular pulse for-make sparks = +d—i:

analogous to the positiveLrectangular reference pulse, a negative rectangular
Upuls-ref = -10 V £ 5 % with the same pulse characteristics as in a) is generated.
Tpggle switch S1

Used to toggle ,between the operation modes “response time” (position B)
3dssessment factor’/(position A:

Switch — Rasition A: Assessment factor AF mode;

Switch—=“Position B: Response-time mode.

NDTE _Toggle switch S1 position A simulates a fault in the parallel path of the cable. In position A, tf
afparatus attenuates the applied pulse generating the lowest pulse amplitude.

ed to

ence

of
ower

bulse

and

e test

Varidble resistance R

iakl
varranre

Ohmic resistance which is adjusted to a value which is the quotient of U, and I,

derived from Annex A of IEC 60079-11.

Coupling module

Simple equivalent circuitry to simulate the line impedance with a defined characteristic

impedance Zy:

Zw :\/L,:\/M 10002
C 66nF

Low pass filter
Simple low pass RC filter.
Switch S2
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Used for switching to the pulse amplitude measurement mode (S2 position “OFF”).
e DC decoupler
Used for DC decoupling of the Power-i universal test equipment.

switch S2 toggle S1

"""""""" R=100 Ohm
22 yF
OFF
oz—o——"— LT DR S [ evengt
ON / 330 uH [ 330 pH ‘—1—, break spark
S2 A
100 | i | C :D' J | L})ulse-ref
________________ i 11000 [ ohm 0 X
100 K il | ohm S1 - position A
47K — = AF mode
3 ’ w $1 - position B maké spark
O @ = 13 mode 0 ) P
1nF §. I | ‘ - lvpulse-ref
1
10O
DC low pass  coupling variable ' single shot
decoupler filter module resistance

pulse generator

A\ IEC

Figure A.1 — Basic principle of the Power-i universal test equipment

Figure A.2 shows the low pass output signal Uppg of Figure A.1 between the conngcting
points 3 and 1 with toggle S1 in position A and switch S2 in position ON and the Pgwer-i
devide connected between the connecting peints 2 and 1.

Urr Uipr
LLPF-ref
ULPF-lim
Y t 0 t

IEC

Figure A.2 — Pulse output between terminals 3 and 1 of Figure A.1

NOTE The pulse with reduced amplitude is resulting from reducing the amplitude of the single shot pulse
generator in order to determine the assessment factor AF of Power-i devices (see Figure A.6 and Figure A.10).

A.2.2 Power-i dummy load

The Power-i dummy load shall ensure defined starting behaviour (soft start) realizing a slow
current rise. This enables the source to operate in Power-i mode.

The dummy load shall cause minimum impairment of the test pulse of the universal test
equipment (see Figure A.1).

The principle of a Power-i dummy load is shown in Figure A.3. It consists of a soft start unit in
combination with a gyrator to meet the aforementioned requirements. An example is shown in
C.4.
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The assessment factor of the Power-i dummy load is measured in accordance with A.3.3.3. In
this case the Power-i field device shown in Figure A.10 is replaced with the Power-i dummy
load. To accomplish a high assessment factor of the Power-i source it is advisable to use a
dummy load with a low assessment factor. A practical example with a low assessment factor
is shown in Figure C.4.

9
variable
load
—
¢ =

gyrator

-
- slow start
unit
T

o)

IEC

Figure A.3 — Basic principle of a Power-idummy load

A.3 | Determination of the safety-relevant parameters for Power-i devices and
Power-i wiring

A.3.1 General

This section is based on the Power-i specific-testing procedures described in 7.1.

A digjital storage oscilloscope is necessary to measure the response time and the assesgment
factof. The minimum cut-off frequency of the digital storage oscilloscope shall not be ower
than O MHz.

A.3.2 Safety-relevant parameters for the Power-i source
A.3.2.1 Determination of the safety-relevant maximum values for Power-i sources

The output valuestof the Power-i source Ug_gource @Nd Io_source Shall not exceed the values
defingd for the umbltage and current classes in Table 1 and Table 2 in order to assigh the
application classes of the Power-i source under the conditions given in IEC 60079-11 for U,
and 1.

resp-source

The determination of the response time of the Power-i source #,¢5,_source 1S Performed with the
test equipment as shown in Figure A.4. The time #,o5,.5ource IS determined with a defined test
pulse initiated by the Power-i universal test equipment (including the single shot pulse
generator) in accordance with Figure A.1 resulting in shutdown mode according to 5.2. This
test shall be performed with toggle S1 in position B and switch S2 in position “OFF”, (see
Figure A.1). The test shall be performed with an adjustable Power-i dummy load (see A.2.2).
This load consists of a combination of a Power-i field device with a load adjusted to achieve
maximum output power.
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toggle S1
— B N
) U T | t break spark
32 Power-i | : Y
23 source - Y pos. A e | | .
3 8 1 : load u : S Lpulse»ref
= N device | | 0 -t
£ ;)'-’ under | | )
test : : switch S2 . make spark
o—=C T T —o\o— 0— —
| | $ .
T T QFE = Ermreerer]
| Power-i T =
| dummy }
| load *
| (adjustable) Power-i
! universal ingle-shot
! test equipment single sho
pulse,generator
1gC
Figure A.4 — Basic principle of the equipment for the _déetermination
of the response time 745, sourcd
A shyt down is achieved when the conditions described in 5.2 b), d) e) are fulfilled.
NOTE| More information is given in B.2. In Figure B.4 the value-0f./, ,.4own iS Da@sed on the value of the resistance
Rstart'
Figure A.5 shows an example of determining the\response time ¢ of a Power-i spurce

(24 \

, 1IC, SF 1,5).

resp-source
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Us.

OmA == o T
AT 2.000000us o
Calcl LKook : i
Calc2 kKooK [
CHI INPUT CH3 INPUT
DC 1M DC 1M
5.00 V/div 200mA/div
1:1 10A:1Y
Figure A.5 — Example of(@n oscillogram to determine
the response time ¢
A.3.2.3 Determination of the assessment factor AF,

200 mA J

“Lehiaown =20 s S 130MA 1

R 3 My

Ishutdwon

resp-source

source for the Power-i source

time ﬁ

The determination of the assessment factor AF is performed with test equipment as shon in
Figure A.6. This test shallbe  performed for specified load conditions with an adjudgtable
Power-i dummy load (see A:2.2) in accordance with Figure A.6. The test shall be performed
Power-i

with | toggle
Figune A.1).

S1

in

position A at

the

universal test equipment |(see

NOTE| The differentiload conditions can only be performed using loads with Power-i specific start-up or switch-on

behav|our.
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toggle S1 4
2 pos. B
o—O o—0C T O
= 2 | Poweri /_ break spark
% i EOUICE dummy pos. A g
£ 8 . load D) = Upulse—ref
T 5 device ) o | | .
Ego under switch S2
test OFF
l 1 make spark
*— O— 'a) -
. ON > 0 ¢
___________________________________ é - Upulse— ef
1= !
z@ 8- single shot

Components of the test equipment Power-i source(-)4Fg, ce

Procpdure to determine the assessment factor of a Power-i source

d)

e)

pulse generator

digital storage oscilloscope
IEC

Figure A.6 — Test equipment for the determination of
the assessment factor AF .. (basic'principle)

Ppwer-i universal test equipment with S1 in switch position A (see Figure A.1) incliiding
the single shot pulse generator;

afljustable Power-i dummy load:

is| used to prove safe shutdown in defined load ranges;
hese are specified as follows:

full output power; /o _gourcetmax

T
1
2) three quarters of full power; % I5_gource-max
3) half output power; %2 1 gource-max

4

one quarter of fulkoutput power; ¥4 I5_source-max

Slet up the-test arrangement as shown in Figure A.6.

Lariapte-itom Figure A.1 shall be adjusted in accordance with IEC 60079-11; e.g. a given
vpltage’of U = 24 V leads to a permissible current of / = 174 mA resulting in a resisfance
of R.= 138 Q: this value shall be adjusted for R, .

uuuuuuuu

Adjust the Power-i dummy load to obtain the maximum output power from the Power-i
source (maximum output current /g _gource)-

Adjust the reference rectangular pulse for break sparks of the single shot pulse generator
of the Power-i universal test equipment (see Figure A.6) on terminal 4 to the following
parameters

Upuls—ref =10V £5% __ fpuis_ref = 20us + Tus

Switch S2 to position “OFF”: release a single shot pulse of the pulse generator and
measure the peak level of the reference pulse at the low pass filter output U pr_ s (S€€
Figure A.2) on output terminal 3 of the universal test equipment; this is used to determine
the reference value U, pg_f fOr the assessment factor evaluation of the Power- source.;
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g)

h)

k)

A.3.2.4 Routine test for assessment factor of Power-i source
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Switch S2 to position “ON”: progressively reduce the amplitude of the rectangular pulse
Upuls < 10 V until the Power-i source no longer responds with a shut down; the shutdown
behaviour shall be checked with this pulse; a shut down is achieved when the conditions
apply according to 5.2.

Switch S2 to position “OFF". determine the peak level of the reduced pulse U pg_jim
according to f) at the low pass filter output in Figure A.6 output terminal 3 by means of an
oscilloscope.

The assessment factor 4F g, IS Obtained as follows (see Figure A.2):

U
AFenllrr'n =20 IQ(M\
\YLPF-lim J

Repeat the test steps d) to h) for dummy loads with %, 2 and % I5_gource-max:

Repeat the test steps e) to i) with the reference rectangular pulse for make-sparks lising
the Power-i universal test equipment in accordance with Figure A.1 and Figure A.6.

The lowest assessment factor of all tests determined shall becused as the frated

agsessment factor AF e

This fest is only relevant for the routine test in accordance with 7.3 and is performed with test

equigment as shown in Figure A.7.

toggle Si 4
2 pos. B
Oan®, @) O r
/ break spark
s e U ulse-re
Ppwer-i p [ pos. A R
ummy = ; - Ul ise
spurce ) pulse-test
load ! 0 _,__ .
device 30
yinder switch S2
- make spark
—
I—O mo_l l_ t
ON %_ L o _Upulse—test
} 1 = beeeee i []pulse—ref
single shot

ulse generator
p g IEC

Figure A.7 — Test equipment for the assessment factor test for Power-i source

Procedure of assessment factor test

a)
b)

Set up the test arrangement as shown in Figure A.7.

Ryariable Of the Power-i universal test equipment (see Figure A.1) shall be in accordance
with IEC 60079-11

(E.g. U=24V = 1=174 MA = Ryiapje = 138 Q).

The Power-i dummy load (see A.2.2) shall be adjusted to load the Power-i source with the
maximum rated output current.


https://iecnorm.com/api/?name=ed388c710f3b7b548b8692a892c81e49

IEC TS 60079-39:2015 © IEC 2015 - 29 —

d) The pulse amplitude U test Of the single shot pulse generator in Figure A.7 on terminal

4

shall be adjusted in accordance with the following equation:
AF AF

Upuls—ref =10V £5% and Upuls—test = Upulse—ref *10 20 =10r*10 20

and
AF is the rated assessment factor AF

A
A

fouls—ref = 20us + 1us

source Of the Power-i source under test, as defin

3.2.31);

ed in

e for

th
in
a

e) A
s

fy T
g T

example of this procedure is shown in Figure A.8 for a break spark. The given vali
e assessment factor in this oscillogram is AF = 8,29. Using the equation in d) this{re

a calculated value for the test pulse amplitude of Upys test = 3,85 V. Fhis
mplitude shall lead to a shutdown of the Power-i source according to 5.2.

T
l]pulse—test = 3785 \Y

-6 ps/div : :
: Ishutdown
Chl | ' m
DC 1M AC Full DC 1M - —
200 V/div ||5.00 V/div | J0bma/div time
10:1 1:1 10A:1V

KO VO S —

IEC

Figure A.8 — Example of an oscillogram from a test of a Power-i source
with_an assessment factor AF = 8,29 for a break spark

nutdown,ofithe Power-i source according to 5.2.
he same applies for a single shot make pulse.
heltest is passed when the conditions in €) and f) are fulfilled.

single shotsbreak pulse with the pulse amplitude in accordance with d) shall resulf i

sults
bulse

A.3.2.5 Transition pulse test for Power-i source

Figure A.9 shows the equipment setup required to perform the transition pulse test for the

simpl

est kind of a Power-i source as shown in Figure 3.
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The {est setup consists of the following components:

Procpdure to perform the transition pulse test for a Power-i source:

a)

b)

c)
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current ()
[Fici5e|  probe

o] === =P I
g i ZzD

Start test ] 10V

+ single shot |_
o) neg. pulse « L)
ES1
ar & \ || \Esz
Power-i Dps & electronic
source switches
compa-

device <] rator current

sense

main supply
e.g. 230 VAC

under
test
var ref
O )

L

Pulse tester

IEC

Figure A.9 — Test equipment for transition pulse test-of a Power-i source

pwer-i source (device under test);

P
maximum load (based on the markingof the Power-i source);
digital storage oscilloscope;

p

|se tester with the components:

—| start button;

—| electronic switches: ES1 sand ES2 simulating connection / disconnection of the
maximum load;

—| current sense and variable reference element to adjust comparator threshold U, 4, s

—| negative pulse single shot: gets triggered by the comparator when current thqough
current sense exceeds the threshold value.

Slet up the-test arrangement as shown in Figure A.9.

NDTE 1.%positive pulse from the start button results in closing ES1 and ES2; this leads to a connection|of the
mpximum load to the Power-i source and a subsequent current drop down to shutdown of the Power-i sofirce.

NPDTE 2 Due to the slow start-up characteristics of the power-i source after the current drop dqwn to
shutdown, an increasing current flows through the curreni sense.

NOTE 3 if the voltage across the current sense exceeds the primarily adjusted reference voltage U,,
comparator triggers the single shot negative pulse.

the

ar ref’

This leads to a switch off of ES1 and a 10 V pulse in the system.

The reference voltage U, ,, of in Figure A.9 shall be adjusted to allow a triggering of the
voltage comparator at current values of 25 %, 50 %, 75 % and 100 % of the maximum
output current /5 gy rce-

Press the start button and verify that this leads to a shutdown of the Power-i source
according to 5.2 b). This is to be verified by checking the current drop down to shutdown
with the oscilloscope.
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A.3.3 Safety-relevant parameters for the Power-i field devices

A.3.3.1 Determination of the safety-relevant maximum values for Power-i field
devices

The maximum safety-relevant parameters shall meet the requirements of IEC 60079-11 and
IEC 60079-25 and shall be classified in accordance with 5.7.

A.3.3.2 Determination of the response time .5, fic1d-device fOr Power-i field devices

Determination of the response time 75 fieid-device fOr Power-i field devices is not necessary
(see 5.3)

A.3.3.3 Determination of the assessment factor 4F 4 gevice fOr Power-i field
devices

Figune A.10 shows the test equipment setup required to determine the assessment factor.
This test shall be performed for maximum load conditions of the Power-i fi¢ld device.

Components of the test equipment in Figure A.10:

e Ppwer-i universal test equipment (see Figure A.1);

o
<

bltage source: generates the specified maximum voltage for the field device;

e coupling module: consists of an inductor to ensure ac ‘decoupling of the voltage source in
bmbination with a parallel 100 Q resistor;

o

[ )
(7))

vitch S3: is used to connect the field device to the measurement setup;

°
o

pwer-i field device with maximum load conditions;

o djgital storage oscilloscope.
Procedure to determine the assessment factor of a Power-i field device:

a) Set up the test arrangement as.shown in Figure A.10.
b) Slet up universal test equipment as shown in Figure A.1:

switch S2 to position ©ON” and toggle switch S1 to position A;

adjust the break\'spark pulse peak value of the single shot pulse generatpr to
+10 V £5 % on(términal 4 of Figure A.10.

c) Sgt up test equipment as shown in Figure A.10:

e| switch_S3-to position “OFF”: voltage source adjusted to the safety-related max{mum
value;

e| switch S3 to position “OFF”: measure the pulse peak value U pp_¢f |(S€€
Figure A.2) with the oscilloscope at output 3 of the universal test equipment|(see
Figure ATT);

e switch 83 to position “ON”: measure the pulse peak value U pg;, (see
Figure A.2) with the oscilloscope at output 3 of the universal test equipment (see
Figure A.1);

d) The assessment factor 4F5q 4 gevice 1S Obtained as follows:

1’25(JLPF—Vef j

AFﬁeld—d@vice =20 lg{
LPF —lim

NOTE The factor 1,25 includes a defined additional attenuation of 25 %. A higher assessment factor AF;

ield-
means higher safety due to an artificial (intended) impairment. ©

device

e) Repeat the steps b) to d) with the reference rectangular pulse of the single shot pulse
generator for make sparks -10 V £ 5 % on terminal 4 of Figure A.10.
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f)

A.3.3.4 Transition pulse test for Power-i field devices

Figure A.11 shows the equipment setup requiredto perform the transition pulse test.

This test equipment consists of the following components:
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The highest determined assessment factor shall be used as the rated assessment factor
for the Power-i field device (marking).

4
S3-ON : OFF coupling toggle S1
AF mode \ module 2 e pos.B
S3-OFF: . @) break spark
reference S3 ON /. 8
mode :IE: pos. A :g' | Upulse-rel
) 0 t
N
8 1
| , Q make spark
! switch S2
0 t
O S O— 8
H - Uytee-
w
et
-
|

device -
under test _I I_ £ t
single shot
i 2 pulse generator

maximum
load
i o8 == EE
condition {OHOIE 8
digital storage
oscilloscope

Figure A.10 — Test equipment for the determination. of the assessment factor
AFfia1d device fOr Power-i field devices (basic principle)

Ppwer-i field device under maximum load conditions;

commercially available voltage_source;

coupling module;

digital storage oscilloscope;

plise tester for field)devices with the components (see also Figure A.9):
—| start button;

—| electroniec-switches: ES1 and ES2 simulating connection/disconnection of the Pdwer-i
field device to the voltage source;

—| vdriable reference element to adjust comparator threshold and current sense;

—|_single shot/negative pulse: gets triggered by the comparator when current through
current sense exceeds the threshold value.

Procedure to perform the transition pulse test:

a) set up the test arrangement as shown in Figure A.11.

NOTE 1 a positive pulse from the start test wunit results in ~closing ES1 and ES2;
this leads to a connection of the power-i field device to the voltage source;

NOTE 2 Due to the slow start up characteristics of the power-i field device an increasing current flows
through the current sense.

NOTE 3 if the voltage across the current sense exceeds the primarily adjusted reference voltage of the
comparator, the single shot negative pulse is triggered. This result is the switching off of ES1 thus generating
a 10 V pulse across the terminals of the pulse tester;
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b)

c)

Adjust the reference voltage v, o in Figure A.11 to allow a triggering of the voltage
comparator at current values of 25 %, 50 %, 75 % and 100 % of the maximum current.

Measure the voltage pulse Upse (see Figure A.11) resulting from the switching action
across the coupling module with the oscilloscope for the different current values as
described in b).

The resulting v, s level shall be above the level of the envelope curve as shown in
Figure A.12 wit?‘nin the shown time window. Alternatively the voltage-time area of the
resulting pulse shall be above 64 uVs within the shown time window of 20 pus.

NOTE 4 This applies especially to field devices with active decoupling components.

Power-i field devices containing an internal current limitation unit (see 5.7) shall be tésted
with the internal current limitation working, i.e. the nominal internal/external loadrshgll be

shorted.

The fest procedures a) to c) shall be performed with the variable reference of the pulse tester
adjugted to trigger the comparator at a current value which matches the limit value df the

internal safety-related current limitation.

”pulse

Im .

(]
(]
10V H
start test ] '
(]
T :
a R = '
single shot |_| b\ = '
neg. pulse ] S '
device oR P& — \ES1 L, \Es2 )
under test 20 ps l coupling

electronic

A switches module
compa-
rator current +
sense
| L
) Ise tester varret e - T
u

L —0 O

IEC]

|

gure A1 — Test equipment for the transition pulse test of Power-i field devices
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U pulse A

50V
3,0V

minimum
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A.3.4.

0: 2 18 t/us

! start-pulse
IEC

Figure A.12 — Evaluation parameter of test pulse U, for transition pulse test

pulse

A.3.j Safety-relevant parameters for Power-i wiring
1

Determination of the safety-relevant maximum values for Power-i wiring

Cabl¢ used for Power-i wiring shall comply with IEC60079-11, IEC 60079-25

IEC ¢

A.3.4.2 Determination of the response time ¢

The
trunk
to be

Calc
This

C. T
valug

(lcabl

NOTE

0079-14.

résp-frunk for the Power-i trunk

esponse time fo5,.trunk Shall be regarded.as one way propagation time in the Pg
cable. If the trunk cable length is less than 40 m the response time r¢gp irynk 1S d6
0,5 us. For all other cases two differentimethods of assessment can be used:

ilate tresp-trunk

he parameters L™ and CAare units per length of the trunk cable and shall be knowr
of ! resp-trunk is a time unit per length. The following applies:

L is the length ofthe considered cable e.g. in m)
! resp-trunk = VL'C" and Iresp—trunk = ! resp—trunk " cable

1 ,Typical values for ¢ resp-trunk a7€ 5... 7 ns/m.

method is based on using‘the most unfavourable values of the cable parameter L|

Pract

H e £
|ca| measurement ot ’resp-trunk

2015

and

wer-i
fined

and
, the

Figure A.13 shows an example of a test equipment setup required to measure the response
time of the cable.

NOTE

2 The minimum cable length of 100 m is advisable to reach a sufficient precision.

Procedure to determine the response time Iresp-trunk:

a) S

et up the test arrangement as shown in Figure A.13.

NOTE 3 Most generators possess an internal resistance R of 50 Q, therefore, it is recommended to reduce

th

e value of the external resistance R in order to match the cable resistance of 100 Q.

b) Generate a positive pulse of 200 ns duration by the pulse generator.

c) O

bserve the signal at point B with an oscilloscope.
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d) Measure the delay time 74, between the positive rising edge of the initial pulse and the
negative falling edge of the reflected pulse.

e) Calculate the response time per length "o,y from the following equation:
(/cable = length of the considered cable):

t
! resp—t _ _delay and ¢ =t *]
p—trunk resp—trunk resp—trunk ‘cable -

2lcable

f) If necessary calculate the characteristic impedance zy, from the following equation:

1062205

Ua-Ug

Zy

N\,
trunk
generator
cable-
pulse © A
source LA channel A
reférence
pulse
0
t
Ug ¥
channel A cable channel B

N
l —Hoood™ reflected

pulse

input pulse
| | . digital storage . J_I—Lr
i *y_oOscilloscope ‘.—' 0
& =TT 1=

tdelay

IEC

Figure A.13~ Test equipment for the determination of
the response time of the Power-i trunk t o5, ¢rynk (basic principle)

A.3.4.3 Determination of the assessment factor 4F . for the Power-i trunk

The |assessment.factor of the Power-i trunk cable 4r;,,« used shall be specifigd in
accordance with the following formula:

R
AFyunk =4.34 7

() I h’?ﬁ1
diTu—IX—1IX lcable

The parameter R is the ohmic resistance (loop resistance with the unit Q) of the used cable
and shall be known, the parameter R" is the ohmic resistance per length.

The characteristic impedance z,, can be determined by the following equation:

Zy = L/C,

To determine the value of the characteristic impedance zy, it is also possible to use the test
setup for practical measurement of the response time rg, tyni in accordance to A.3.4.2 f) by
using the test equipment of Figure A.13.
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NOTE 1 The loop resistance R can be easily measured with an ohmmeter.

NOTE 2 Example: R'=25 Q/1000 m, L'= 666 uH/1000 m and C'= 66 nF/1000 m = Z,,=100 Q = AF,

trunk=

1,1;
A.3.5 Safety-relevant parameters for the Power-i terminator
A.3.5.1 Determination of the safety-relevant maximum values for Power-i terminators

The maximum safety-relevant parameters shall meet the requirements in accordance with
IEC 60079-11 and IEC 60079-25 and shall be classified in accordance with clause 5.7.

A.3.5.2 Determination of the response time ¢, _terminator fOr POwer-i terminators

(Dete E_;nén)ation of the response time f¢, tgrminator fOr Power-i terminators is not necepsary
see p.

A.3.9.3 Determination of the assessment factor 4F ., inator fOr Power-i terminatjrs

The determination of 4Figminator 1S based on the procedure to deterniine the assesgment

factof for Power-i field devices as described in A.3.3.3 with the following.changes:

o rgplace the Power-i field device (device under test) in Figure’ A.10 with the Pdwer-i
tgrminator,;
o fqllow the procedure described in A.3.3.3 to measure thé.assessment factor AFgmination-
unit’
o tHe highest determined assessment factor shall beyused as the rated assessment factor
fgr the Power-i terminator.
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B.1

Annex B
(informative)

Explanation and details of the Power-i basic concept

Physical basics of an ignition

By testing the ignitibility of sparks of intrinsically safe equipment the aim is to distinguish
between |nduct|ve capacmve m|xed and resistive circuits on one hand and various output

Every
comi
volta

break spark is characterized by an initial step with a voltage rise of about 10
ination with a current-drop. The end of the spark is characterized by the maximum o
je of the power supply.

charac

parar

detern

most

The

tempge

energy density in this initial volume is necessary. As the energy dehsity derives fro
power consumption within a certain spark duration time, it can be. deduced that the f
"timel' is of fundamental importance during an ignition. By influencing the factor "time'
well-aimed manner, the ignition behavior can be strongly influenced — that means signifig
highgr intrinsically safe approved values can be reached. The present standard IEC 6
11:2011 does not account for this circumstance.

“Power-i” considers this circumstance and takes thed{factor “time” into account becausg it is
basefl on dynamic recognition and reaction to safety-Critical conditions.

For dptimization, however, a safety-related assessment of the three essential components of
the operall system — Power-i source + Powersirwiring + Power-i field devices (including lo
is required.

To understand the operating principle of “Power-i” it is helpful to have a look at the ty
trace| of a break spark given_by-the spark test apparatus according to IEC 6007
Figurne B.1 shows an example ofa break spark supplied by a source with resistive lim

ad) —

pical
0-11.
iting.
V in
utput
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Figure B.1 — Example of a typical trace of a break spark supplied
with a linearly limited source

This type of spark is characterised by a very variable spark duration — usually between 20 us
and 2 ms (for equipment group IIC). The varying spark duration leads to an undefined efergy
input|into the spark and the hazardous mixture. In.cohventional intrinsic safety the input $park
power is therefore limited to low values wherexthermal loss exceeds the energy input.
Therefore the temperature of the gas surrounding the arc temperature cannot reach the
ignitipn threshold value. This means that theravailable power for functional requirements is
also limited.

Power-i does not rely on power limitation, but rather on time limitation. This means that [more
powelr is available for functional reguirements. Time limitation of the spark ensures that the
tempgrature of the gas mixture gannot reach the ignition threshold (see Figure B.2).

Spark duration #g

initial
step

current, voltage) e——p-

current Is

voltage U

Figure B.2 — Example of a typical trace of
a break spark limited by a Power-i source
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When using Power-i devices the initial step in Figure B.2 is identical to that shown in
Figure B.1. The fundamental difference is that Power-i is based on the defined limitation of
the spark duration. The spark duration depends primarily on the maximum system response
time of the whole Power-i system. This time is mainly dependent on the cable/trunk used
(cable propagation time) and the response time of the Power-i source (hardware shutdown
time of the source). Typical values for a cable/trunk with a length of 1 000 m are e.g. 10 us to
15 us and for a Power-i source e.g. 1 us. Therefore the maximum spark energy can be

calcu

B.2

lated relatively exactly.

Output characteristics of a Power-i source
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wer-i two modes of operation are implemented: The shutdown mode and the Pg
. In the shutdown mode the complete system is situated in the intrinsically safe ar
dance with IEC 60079-11 or |IEC 60079-25. The Power-i mode is the normalopef

r-i is based on a targeted influence on the source of any kind(of spark form
bby a return to normal operation (Power-i mode) is not possiblebefore the critical
k) has ended. When using Power-i, the whole system consisting of the source,
es, the wiring and the terminator are to be assessed as an”entity under safety-rel
Cts.

unctional transition modes from shutdown mode to theyPower-i mode are possible:

ontinuous return mode: The Power-i source returns slowly to the Power-i mode. T

Lrrent rise time shall be low enough to avoidiriggering the Power-i source to shut
ode. The intention of this mode is to power simple applications as there are sol
hlues, heating elements etc.

oltage threshold return mode: For the transition from shutdown mode to Power-i m
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ower-i mode is completed (see Figure B.3)

e B.4 shows a hardware example to ensure this behaviour. The intention of this mg
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Figure B.3 — Example of output set of characteristic curves
of a Power-i source during load connection

et of characteristic curves as shown in Figure B<3consists of two different ranges
own range and the Power-i range. The shutdown range is the intrinsically safe

bpt according to Figure B.4.

hutdown mode: (see Figure B.5 — electronic switch S1 of Figure B.4 is open). This

ig
in
d
s

tn

b) P
N

=
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completely situated in the intrinsically safe area in accordance with IEC 60079-11
trinsically safe (residual) output current in combination with the load resistance ther
ctermines the voltage at thecoutput clamps of the Power-i source. As soon a
pecified threshold value. Uyos (see Figure B.3 — Ujes @nd Ryes) is exceeded
ansition into the range of ;the Power-i characteristic starts.

ower-i mode: (see Rigure B.5 — electronic switch S1 of Figure B.4 is closed). The Pg
ode is the operating*range which permits the maximum output power.
a current change Z—i is detected which is above the minimum triggering value fo

namic shutdown it quickly leads to a return to shutdown mode (electronic switch
gure B.47s open).
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Figure B.4 — Basic principle of a Power-i power source
for the voltage threshold return mode
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Figure B.5 — Example of output set of characteristic curves
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of a Power-i source in the case of a failure

The transition of shutdown mode to Power-i mode (starting) can take place slowly — it is not
safety relevant — i.e. in the ms range. The safety-relevant transition from the Power-i mode to

the shutdown mode is preferably as short as possible (in the range of a few us).

B.3 Measurement and scientific results as basis for Power- i minimum ignition

values

B.3.1 Test setups for the determination of the ignition probability

To find the worst case ignition values for Table 3 tests have been performed with setups for

break and for make sparks as shown in and Figure B.7.
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Components of the test setups (see Figure B.6 and Figure B.7):

e Power-i source: device under test;
e STA: Spark test apparatus according to IEC 60079-11;

e Current detector: ensure contact counts only at specified current;

IEC TS 60079-39:2015 © IEC 2015

Decoupling unit:
Adjustable load:
Digital counter:

necessary to ensure functionally and safety of the Power-i system;
determine the specified current for measurement;
to count valid contacts.

|

main supply
e.g. 230 VAC

|
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Figure B.6 — Test setup with STA for break sparks
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Figure B.7 — Test setup with STA for make sparks
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