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V. CONCLUSION

Theprotection practice againstelectric shock poinis to solvethe contact “collision™
by the active measure of automatic disconnection limiting the time duration.
Analyzing the com-ponents of electric hazard as waves cvolving in time, the
faull opens a time window of risk, and the prolection has to close it.In electrical
inatallations, safc protection is conventionally guar-anteed if the colliding time
makes permissible the prospected touch voltage or al least assumes a value as
low as possible (additional protection), In facl, as a minimal objective, the pro-
tection has to limit fault exposure persistence in a conventional time (probable
protection).In a complementary way, operating on Lhe single components of the
glectrical installation in the case of portable {mobile) clectrical couipment, a
practical rec-ommendable criterion to avoid or mitigate the injury or damage
oceutring with clectrical equipment is to prevent the appearance of clectrical
potential using double insulation and Class IT equipmient.
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UoMAXremains fixed, and consequently. for satislyingUt <ULL it remaing

fixed ar the maximum admissible timeta (sce Table I, for TN system: colunm
FUoMAX= "V, column E—£t725— 27, columm Y—TUT4= " + + ¥, column
—la—e e g5 for TT system: column 1 UoMAX— 7V, column Y—Z0758—
woYeolumm Y—ULE= YoV, column Y ot Ye)Tet us consider that for
the commen HV/LY grounding svstem, the HY ground fault currentlT and the
fault discon-nectingtdare preliminarily known, which are comununicated by the
supply network operator. In order that in the assignedtd duration the HV system
grounding assumes a GPR lower than or equal to the permissible LiH Y {ta=tl)
(H curve n Fig. 7). adequate dimensioning of system impedance valuesZt that
ig the ground resistanceRTis required.

tef
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a
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‘ ,; collision

Tc

‘ Fig. 5.  Time exposure waves of e(1), p(t), r{t), k(1), and w(t).
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The parameters in the terms of () are selected according to the type of system
grounding as follows:

for TN systems (sceond term), the nominal voltage-to-ground U+ and lault loop
impedanceZ S{admitied also for TT systems [ )
— [or TT systems {third tern), the conventional voltage limit ULin substitution
of UT.tand?ZL assumed equal toRA;
— [or common grounding system in TN systems (fourth term), in case of IV
ground fault. the GPR UGand?ZL assumed equal toRT.
As this synthetic expression makes relerence o normalized parameters, its
apphication results are very general.
Considening that ime s an essenbial paramelerin tisk pro-teetion, the [EC approach
assoclates each class of U-MAX o an admissible maximum timetapresumably
currespondent to g permissible value thal the toueh voltageUtean assume.
Evidently, the TEC approach simphiies supposing conven-tional normalized
valugs for the ratioZrZS=UtUodepend-ing onlloMAXand on the tvpe of
system @rounding,
To puarantes the safe goul of a disconnecting timeldequal 1o or lower than ta, it
is clear that the protective measure necessitales an adeguate coordination of the
characteristics of
the protective device. For the ratioZv'ZS, let us conmider that m the TN
system,usually, the impedance of prospective touch voltageZit =7PF 11 equal io
or lower thanZL . (Final single-phase circuits have LY, N, and PE of the same
cross section.) [ence, it is realistic that the ratio Zt/Zs=7PEAZPE+Z11Y is equal
to or lower than +.® (ZtvZs<+,*). For example, in the class T MAX Y7 ¥V in
the TN svstem, the prospectedUt value results in Ut =(ZtZS)T1 195 ¥
In the TT system, the [EC publication evidently assumes impedance Z1L =RA,
including in RAthe value of ZPL.The last edition [*] cautiously presupposcs
loop impedance Z8C=RA+RNC=RA; hence, the ratio Zt/7s could be assumed
cqual to ' (Zt4s T1-1). Lor cxample, in the class U-MAX Y7+ ¥ in the TT
system, the prospectedUt value results in Ut =(ZtZSTTT =0« ¥,
In synthesis, it appears that for the TN svstem, Zt75 is assumed lower than
»%, and for the TT system, 2628 is assumed lower than 1. In an LV system,
48 500N as it is assigned its Uo class, the prospective touch voltage Ut =(Z1745)




“callision” {see Fig. ™).

¢} l'or CP, the time current characteristic curvela—td of the protective device that
defines the Tacwirent ensuring automatic disconnection in ripping timetd=ta, The
aforementioned salely requirements are met if the con-ditions shown in Fig, ¥
are [ullilled Clearly, the protective measure BAD requires coordination between
the tvpe ol system grounding (TN, I'T, and IT syatems) and the chargeteristics
of the protective device,

In general, al each point of the installation where conditions () and (£) in g, ¥
cannot be lulfilled or are very difficult to pursue, the lollowing conditions apply.
« [t is possible to evaluate if the risk is acceptable.

« It 15 possible to mitigateUt by providing a local honding, which is defincd
as supplementary equipotential bonding.that is cquivaleni o partitioning Zt
in more parls and reducing its local valuc, in a very ellicient manner for TN
svstoms (see Fig. ),

C. Convenliomal Approach: Specific Salfety Reguirements for Each Systom
Grounding A simplified approach allows 1o reduce requirements {£)}-(1} in
Fig. ¥ o a synthetic safety requirement focused [br each system grounding. It
appears Lo explain the basic philosaphy ol the TEC approach.

Il 15 possible to define a safety condition referred 1o puram-etersU-, UL, UG,
Zs, and 71 with more terms specialized Tor the types of system prounding,
te Jallay=TTo/ZS=UL/BA-UGRT (&) ihal summarizes the aforementioncd
lour conditions,

TABLE |
PARAMETERS AND VALUES FOR SAFRTY CONDITIONS
LY HY
TN System TT System Common ground
i 2 3 4 3 i 7 5 g I !
RI (<324} | R2{=32A) RI¢<32A) § R2{>324) R3
Class fgvariable | 14= 3 o~ i variable ti= s L assigned
t { e L , e o Lls) | U ' —
I’:} 11,.['; Uonaax FAER ST 1PN Upniax LSt Uy o |-,..[-'II I.E-I,":r
Ref val Ref Val, RefVal Ref Val RefVal
=3 i § =} <<l F =}
(203} Sty {2116/ fitl ¢hi {iye2)
300 ] &l b1} .66 ] (Rl
| i) 1 7 PR
.50 67 {20 .56 042 (.80 126 1.79
HEH L] 230 43 G212 : .40 289 2359
(3 124 120 i.00 {50 .30 LU 112
(.20 200 400 (.50 URES 230 87 126 020 S0 250
&1 210 =40 IHKU, MUa L1 [0 213
(R A0 4ix) LY, .15 007 TH 12
004 | 500 =400 { 300U, 6y 0.04 | 800 160
IEC 61200.413 Safe Comentional Protection SCP 1y <1, TECH1930-§
J]
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Fig.3. Maximum duration curves of permissible touch voltage Up:HiorHV
installations (according to HEC 61936-1 (2]) and L and L, for LV installations
under normal and particular conditions, respectively (according to IEC 61200-
[ 413 {7}).

¥] £1*.50Y 4], In normal conditions, the conventional voltage limit ULfor LY
[¥] and HV [¥] installations is assumed equal to &+ and 4+ ¥ ac rool mean
square, respectively. Three elements have 10 be considered that influence the
characteristic parameters of the safety couditions: a) the power sysiem P3
sipplying the faulting elecirical cquipment EQ, bjthe operator OF, and c} the
circuil protective device CP. '
For easier understanding, the author suggests to assign in Fig, ¥ for the symbols
of the parameters related to elements a, b, and ¢ the colors black (PS/EQ), green
(OP), and red (CP).respectively:

The design parameters thal characterize (he protection mea-sure BAL at any
point of the installation are as [ollows:

a) For PS/EQ, the ground [ault currentlT-Uo/Zsand thetouch voltage TN
=7t IT=(ZLiZs)*Lo. Since Uo is generally fixed ITdepends on fault loop
impedanceZs,andUtdepends on the ratioZtZs,

b} For OF, the conventional touch voltageULt(Upermissi-ble [or an operator (see
Table |, columns ¥ and 1+ ) that defines the comespondent maximum admissible
tim{sec Table I, columns b and 3}, in whichtlt can persist in @ hot contact—




said to form a quasi-equipotentialsurface. The existence of a global grounding
system may bedotermined by sample measurements or caleulation for typical
systems, Typical cxamples of global grounding systems arein city centers and
urban and industrial arcas with distributed low- and high-voltage qmundin g that
could be organized and managed as a pubhc, nmundmg service™ as wuter or
Eas sery ees,
B. General Safety Requirements: Unified Model
To give an overall analysis of the protection BAD of supply,previous papers [-[*
#|l have suggested a unified model for all grounding systems (TN, TT, and IT
systems). Fig, ¥ shows the peneral scheme, where ZLY, 7N, and Zt —7ZPEare the
impedance valucs of the line conductor (source impedanceincluded), the neutral
conduelor, and the ground fault conduc-tor, respectively, Considering that £5is
the impedance of the complete ground fault circuit (fault loop impedance),Zris
the residual impedance equal t0Z5-71 Y/t
Following a pround faultlT in a part of the installation supplied bylUo, a safe
condiion at any point of the installation is guaranteed, if ouch voltageUt =(Zt/
Z5)Uopersists nol in excess of the maximum timelathat guarantees Ut <ULi(ta).
ULi{tisee Iig. ¥) is the permissible touch voltage limit for amadmitted
durationt=ta. Al this aim. it is necessary to adopt aprotective device with
operating currentlaensuring automaticdisconnection in tripping tmetdthat is
equal to or lower than the vatueta(td=ta}).
[t 15 50 confirmed that time is an essential parameter in risk reduction [3], Fig.
¥ shows the maximum permissible touch voliageULt duration curves; 11 eurve
lor HY installations, according to TEC 7] *-1*4771], and L and Lp curves for LV
installations under normal and particular condilions, respectively, according 1o
IEC
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For this system, it is not possible io use residual protective deviees. I'inally, the
TN-C-S system is the combination of the TN-C system followed by the TN-5
system. TN and 171 svstems are erecled 1o promate the circulationof ground fault
current and to favor autematic disconnection of supply.

On the contrary, IT svstem 15 erected Lo limii and lo controlthe circulation of
the leakage current in the occurrence ol a firstlault: For brevity, the conditions
for automatic disconnection ofsupply 1 the eveni of a sccond fault are nol
comsiderad in this paper.

The impedanceZS of the complete ground fault cirewit should be low enough Lo
ensure sulficient flow of sround faultcurrent, for a fast operation of the proper
cireuil protectivedevices, The pround fault curvents have, n general. higher
values in a TN system than in a T system, considering that in a TN syslem,
sround electrode resistance RT is out of the ground fault circuit{ ZS=7TPE+ZL1Y).
Hence, in a TN system, the use of overcurrent profective devices {OPDs) can be
sufficient, whereas in a TT system, the use of RCDs can be necessary.In each
huilding. all exposed conductive parts of the instal-lation shall be connected
by a protective conductor P to themain grounding terminal of the imstallation
together with the lollowing conductive parts: metallic pipes, e.g., gas and water
services; struciural cxtrancous conductive parts, e.g., metallic central healing
and air-condilioning systems; and metallic rein-forcements of constructional
reinforced  comerele, if reasonablypracticable. The performance of the
grounding arrangements must satisfy the salely and functional requirements ol
the electrical mstallation, i.c., as resistant agminst thermal thermo-mechanical
and eleciromechanical stresscs.

In synthesis, simullancously accessible exposed conductiveparts must be
connected to the same means of grounding (mam equipotential bonding system).
Additional intereommections of metallic parts of the building structure and other
metal pipework are reconinended (supple-mentary equipotential bonding).
‘The wse of a TN or a TT system is conditioned by the prop-erty of the high/low-
voltage translormer thai i3 the transformer substation.

In a power system supplicd by a utility transformer, the TTsystem can be erected
only. Where grounding is provided from a public or other supply system,
compliance wilh the necessary conditions exlernal o the installation is the
responsibility of the supply network operator,

In a power syslem supplicd by a proper transformer, theTN system is
recommended lor LV equipment, and its ground electrode of resistance RT 18
commuon with the grounding system of HY equipment |Y]. Duc to the close
proximity of equipment, it is not possible to separale the grounding systems. A
global grounding syslem is an “equivalent grounding sys-tem created by the
interconnection of local grounding systems that ensures, by the proximity of the
groumding systems, that there are no dangerous touch vaoltages™ [T], (Subseripts
TV and HV are adopied lor low and high voltage.) Such systems permit the
division of the ground fault current in g way thatl results in a reduction in the
ground potential rise (GPR) at the local ground-ing system, so that it could be



YTV and €0 Voand=Ee 0 Y forl s values higher than €+ V.

This paper principally discusses the lault protective measure of automalic
disconnection of supply and examines the accases only,

L. PROTECTIONBADOFSUPPLY

A, Types of System Grounding and Property of the TIV/LY

Transformer: Common and Global Grounding Automatic disconncction of
supply 1s a protective measure in which [] the following conditions afply.

* Basic protection is provided by basic insulation of live parts or by barriers or
cuclosures. _ _ -

* Fault protection is provided by protective grounding,equipotential bonding,
and automatic disconnection in ease of a pround [ault, Where this proteetive
measure is applied, Class T1 equipment may also be used,

Exposed conductive parls shall be connected to a protective conductor under
specific conditions for cach type of systemgrounding.

The types ol system grounding arc classified as: TN, TT, and IT systems. The
lirst letter T(Terre=Ground)or I (Isolaied) is for system solidly grounded or
ungrounded, respectively, and the sccond letter N or T is for the conmection of
the exposedeonductive parts to the same grounded point of the supplying powcer
system (TN system in Fig. Y} or to an independent ground electrode (TT system
n Fig. V), respectively,

The TN-5 system s the most gencral case of TN systems and presents the neutral
N and the protective ground fault conductor PL as being separated. Furthermore,
the TN-C system provides to combine in the same conductor {PEN) both the
protective
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ground fault conductor PE and the function of the neutral N,
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A New Summary on the IEC Protection
Against Electric Shock

Fereshteh mohamadbeigi

LINTRODUCTION:
THE FIFTHEDITION OF TILLEIEC STANDARDTHE

International  Eleetrotechnical  Commission  (1EC)pub-lication-60364
41-4"Flectrical insiallations of buildmgs”fillh cdition [*] states that the
fundamental rule ol protectionagainst electric shock is that hazardous live parts
must not beaceessible, and aceessible conductive parts must not be haz-ardous
live, neither under normal conditions nor under singlefault conditions,
Protection under normal conditions is provided by basicprotective provisions
(protection against the dircct conract inthe fourth edition), and protection under
single fault condidons is provided by faull prolective provisions (protection
against the indirect comlact).
The following prolective measures are generally permitted:protection by
‘antomatic disconmection {BAD) of supply, doubleor reinforeed insulation (Class
11 equipment), electrical sep-aration, and extra low voltage (safety extra low
voltage and proteclive exira low voltage).
Apainst direct contact with the supply voltage-lo-ground, theuse of residual
current protective devices (RCDs) with ratedresidual operating current TAnol
upto ™ mA is recognized by the [LC standard, only as an additional profection,
becausethe actual current llowing through the body o ground cannot be Imiled
by the RCD. ' :
In ac systems, RCDs with [Annot exeeeding T+ mA arerecommended to provide
additional protection lor socket out-lets with a raled current not excceding ¥+ A,
which are for use by ordinary persons and intended lor general use, and mobile
equipment with a rated current not exceeding ¥Y A Jor out-door usc.
The protective measures applied in the installation shall be considered in the
sclection and erection of equipment.ln electrical installations, the 1EC fifih
edition [1] introduces live classes for the nominal ac ov de line-to-ground voltage
U+, and it assumes like relerence for safery reguirements ofthe maximum value
of the same class. Tn particular, the five maximum valuesU - MAXare: ©2 ¥V
forlT s values equal t orlower than #+ ¥,V T- ¥ for U« values between ' and
VYWYV W (orlT e values between VY)Y and Y5V, £ W forl © values between 4
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