ELEKTRIK ARKLARININ TERMAL
ETKILERINE
KARSI KORUYUCU GIYSILER
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ELEKTRIK ARKININ OLUSTURDUGU TEHLIKELER
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KIMLER RiSK ALTINDA ?

-ARABA TAMIR BAKIM SERVISLERI
-KIMYA TESISLERI

-GIDA ISLEME FABRIKALARI
‘HASTANELER

‘OTELLER

-METAL ISLERI

-KAGIT VE KAGIT HAMURU FABRIKALARI
-PETROL RAFINERILERI

‘MATBAALAR

‘MAGAZALAR — ALISVERIS MERKEZLERI
-ULASIM- TASIMACILIK

‘&
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KAZADAN HEMEN SONRA OLAY YERI

DANA GELDIGI

FLDIVEN

GERIYE KALAN
TiSORT
PARCALARI
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Sonuc olarak;

bir elektrik arki tehlikeli derecede enerji Uretir.
Olime sebebiyet verecek derecede yaniklara
sebep olur.

Elektrik kazalari sebebiyle hastanelere
basvuranlarin buyuk cogunlugunun maruz kaldigi
kaza sebepleri elektrik carpmasi veya elektrik
soku deqil elektrik ark kazalaridir.

Bu kazalar sonucu olusan yuksek derecel
yaniklarin ve olumlerin gogu alev geciktiricili
olmayan giysinin alev almasi ve yanmaya devam
etmesi sonucu meydana gelir.
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[S YERINDEKI RISK KATEGORISI NASIL BELIRLENIR VE UYGUN
EKIPMAN SECIMI NASIL YAPILIR?

CEVAP : NFPA 70 E

Table 130.7(C)(11) Protective Clothing Characteristics

Tvpical Protecfive Clothing Svstems Required Mini
Hazard/Risk Arc Rating of PPE [J/
Category Clothing Description cm*(cal/cm?)]

0 Non-meltmg, fl le matenials (1.e., untreated cofton, w ool, N/A
rayon, or silk, or blends o ﬂmse ma(lrer.la witl %algnc ‘weight
at least 4.5 oz/yd*

1 Arc-rated FR shrt and FR pants or FR coverall 16.74 (4)

2 Cotton or FR underwear — conventional short or long sleeve and brief/shorts or long johns, 33.47(8)
plus FR shirt and FR pants

3 Arc-rated FR shirt and pants or FR coverall, and are flash st selected so that the system arc rating 104.6 (25)
meets the required minimum

- Arc-rated FR shirt and pants or FR coverall, and arc flash suit selected so that the system arc rating 167.36 (40)
meets the required minimum

[ROP-419], [ROP-421]

Note: Arc rafing 15 defined m Article 100 and can be either ATPV or E;. ATPV 15 defined m ASTM F 1959-05a as the mcident energy on a material or a
multilayer system of materials that results m a 50 % probability that sufficient heat transfer through the tested specimen 1s predicted to cause the onset of a
second-degree skin burn injury based on the Stoll curve, callem” E__is defined in ASTM F 1959-05a as the incident energy on a material or material system /

that results 1n a 50 % probability of breakopen. Arc rafing is reported as either ATPV or E__ whichever is the lower value.
— S
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NEREDE NE RISK VAR?

_Hand Tools [ROP 328]

‘ategory Classiiications and Use of Rubber Insulating Gloves and Insulated and Insulating

panelboard [ROP 307]

Work on exposed

333]

Tasks Performed on Energized Equipment [ROP 338] Hazard/ Risk Rubber Insulated and
Category Insulating Insulating
Gloves [ROP Hand Tools
. - . 331, 342] [ROP 331]
Panelboards or Other Equipment Rated 240 V and Below — Note 1 [ROP 341]
Perform infrared thermography and other non-contact inspections outside the restricted 0 N N
b  [ROP 329] . . . ROP 329 0P 329 ROP 329
%Pﬁggﬂ%lre cer 5 or KISGC? !N\"ltt‘].l operation with covers on [ % ! R ];I ] [ RI ]
CB or fused switch operation with covers off 0 N N
Work on exposed live parts, including voltage testing [ROP 332] 1 Y Y
Remove/install CBs or fused switches 1 Y Y
Removal of bolted covers (to expose live parts) [ROP 332] 1 N N
Opening hinged covers (to expose live parts) [ROP 332] 0 N N
Work on exposed live parts of utilization equipment fed directly by a branch circuit of the 1 Y Y
[ROP 307] [ROP 307] [ROP 307]
Panelboards or Switchboards Rated =240 V and up to 600 V (with molded case or
insulated case circuit breakers) — Note 1 [ROP-333]
Perform infrared thermography and other non-contact inspections outside 1 N N
the restricted approach boundary [ROP 329] [ROP 329] [ROP 329] [ROP 329]
0 N N
CB or fused switch operation with covers on
1 Y N
‘B or fused switch operafion with coyers off OP 330
U].n.-'e parts, 1nc u}img voltage testing [ROP 332] 2% R Y ] Y
Work on exposed live parts of utilization equipment fed directly by a branch circuit of the 2% Y Y
panelboard or switchboard [ROP 307] [ROP 307] [ROP 307] [ROP 307]
600 V Class Motor Control Centers (MCCs) — Note 2 (except as indicated) [ROP
Perform infrared thermography and other non-contact inspections outside 1 N N
the restricted approach boundary [ROP 329] [ROP 329] [ROP 329] [ROP 329]
CB or fused switch or starter operation with enclosure doors closed 0 N N
N N

Reading a panel meter while operating a meter switch

0
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HANGI GIYSI CESIDI VE HANGI TIP KKD GEREKIR?

Table 130.7(C)(10) Protective Clothing and Personal Protective Equipment (PPE) Matrix

Protective Clothing and Equipment
Hazard/Risk Category Number

Non-melting (according to ASTM
F 1506-00) or Untreated Natural Fiber

a. T-shirt (short-sleeve)
b. Shirt (long-sleeve)
c. Pants (long)

FR Clothing (Note 1)
a. Arc Rated Long-sleeve shirt

b. Arc Rated Pants

c. Arc Rated Coverall

d. Arc-Rated Jacket, parka, or ramwear
FR Protective Equipment
a. Arc Rated Flash st jacket

b. Arc Rated Flash suit pants

c. Head protection
1. Hard hat

2. FR hard hat liner
d. Eye protection

1. Safety glasses

2. Safety goggles

e. Face and head area protection
1. Arc-rated face shield, or flash suit hood

2. Arc Rated Flash suit hood

3. Hearing protection (ear canal inserts)
f. Hand protection

Leather gloves (Note 2)
g. Foot protection

Leather work shoes

SR
SR

Protective Systems for Hazard/ Risk Category

1

X

X
[ROP-382]

(Note 3)

AN

AR
[ROP-375]

SR
SR

X
(Note 8)

AN

2

(Note 6)

(Note 6)
(Note 7)

SR
SR

(Note 8)

oo

2.
[ROP-406]
AN

AN

(Note 6)

(Note 6)
(Note 7)

SR
SR

X

(Note 11)
[ROP-406]

X

X

3

(Note 9)

(Note 9)

(Note 9)

(Note 9)

(Note 9)

SR
SR

Mol |

(Note 10)
AR
(Note 10)
AR
(Note 10)
AN

AR
(Note 10)

AR
(Note 10)

SR
SR
[ROP-379]

W

b b | m
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KORUYUCU GIYISi VE ILAVE OLARAK KULLANILACAK KISISEL KORUYUCULAR

250.1 Maintenance Requirements for Personal Safety and Protective
Equipment.

Personal safety and protectrve equipment such as the following shall be
maintamed 1n a safe working condition:

(1) Grounding equipment

(2) Hot sticks

(3) Rubber gloves, sleeves, and leather protectors
(4) Voltage test mdicators

(5) Blanket and similar mnsulating equipment

(6) Insulating mats and similar insulating equipment
(7 Protective barriers

(8) External circuit breaker rack-out devices

(9) Portable lighting units

(10) Safety grounding equipment

(11) Dielectric footwear

(12) Protective clothing

(13) Bypass jumpers [ROP-460]

(14) Insulated and nsulating hand tools [ROP-460]
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ELEKTRIK DONANIMLARINDAN GUVENLI CALISMA ICIN MINIMUM

UZAKLIK

Table 400.21 Minimum Depth of Clear Working Space at Electric Equipment

Minimum Clear Distance

Nominal Voltage to

Ground
601-2500V
2501-9000 WV 1.2 4 1.5 5 1.8 6
9001-25.000 V 1.5 5 1.8 ] 28 9
25001-75 kV 1.8 6 2.5 8 3.0 10
a|wv:= 75 kY 75 2 30 10 37 12
Note: Where the conditions are as follows:

Condition 1 — Exposed live parts on one side of the work space and no live or grounded parts

on the other side of the working space, or exposed live parts on both sides of the working

space that are effectively guarded by insulating materials.

Condition 2 — Exposed live parts on one side of the work space and grounded parts on the

other side of the work space. Concrete, brick, or tile walls shall be considered as grounded.

Condition 3—Exposed live parts on both sides of the work.
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DUZENLEYICI KURALLAR VE STANDARTLAR

NFPA 70 E Calisma ortamindaki elektriksel glvenlik igin standart

ASTM F 1959 Standard Test Method for Determining Arc Thermal Performance Value of
Textile Materials for Clothing by Electric Arc and Related Thermal Hazards

ASTM F 1506

Standard Performance Specification for Flame Resistant Textile Materials for Wearing

Apparel for Use by Electrical Workers Exposed to Momentary Electric Arc and Related
Thermal Hazards

EN 61482-1-1
Gerilim altinda ¢aligma-Elektrik arki termal etkilerine karsi koruyucu giysiler-Bolim 1-

1:Deney metotlari-Metod 1:Giysiler icin malzemelerin aleve dayanikliignin ark beyan
degerlerinin belirlenmesi (ATPV veya E<(Indeks)BT50>)

EN 61482-1-2

Gerilim altinda ¢aligsma-Elektrik arki termal etkilerine karsi koruyucu giysiler-Bolim 1-
2:Deney metotlari-Metod 2:Malzemenin ve giysinin ark koruma sinifinin, yonlendirilmis ark
(kutu testi)kullanarak tayini
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ELEKTRIK ARKLARINA KARSI KORUYUCU GIYSILER NASIL TEST
EDILIR?

NFPA 70 E /ASTM F1959 : ELEKTRIK ARK TESTI

Acik alan KUMAS TEST EDILIR GECTI/KALDI YOK APTV OLCULUR
Bu degerlerde test edildiginde stoll egrisinin altinda kalmali.

( % 50 IHTIMALLE 2. DERECE YANIK OLUSTURMA OLASILIGI)

NFPA 70 E : HRC ( Tehlike Risk Sinifi)

HRC 1: 4 cal/cm2 HRC 2: 8 cal/lcm2 HRC 3: 25 cal/cm2 HRC 4: 40 cal/cm2
TEST PARAMETRELERI: 8 kA ( vaka enerjisi 10 — 16 cal/cm?2)

300 mm mesafe aglk alan Ark acikligi: 30 mm

- 2
Determination of ATPV, 50% Probability of 2nd Degree Burn ATPV =12.4 callcm

100- T ] Probability Ei
90: of Burn
- 5% 11.8
80—: 10% 11.9
z 20% 121
70- 30% 12.2
g 60- 40% 12.3
= = 50% 12.4
% 50- 60% 12.5
= = 70% 12.6
2 40-
o 80% 12.7
30- 90% 12.8
20- #Pts= 21
10= # Pts above Stoll= 9
= # Pts Break-Open= 0
05 # Pts always >STOLL =7

TpUo U UUUUU U0 U # Pts always <STOLL = 7

0 11 12 43 4 15 16 1T #Pts within20%= 19 =
Incident Energy (cal/cm?) # Pts in mix zone = 7 &'
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STOLL EGRISi -2 DERECE YANIK YARALANMA VE AGILMA
OLASILIGI iCIN TiPiK VAKA ENERJISI SONUGLARI

Table 0.2.3 Tvpical Incident Ener

 Results for Probability for 224 Degree

Buin Iniury o1 Breakope
Probability of 2% Degree . Incident Energy
Burn Injurv or Breakopen Jlem® <cal'gm®

1% 580 140

5% 648 155

10% §74 161

20% 707 16,9

30% 124 173

40% 741 177
Wi 18.1

50% Arc Rating (ATPV or | Arc Rating (ATPV or
Em‘l Em‘l

60% 770 184

70% 787 183

20% 3038 193

00% 2337 200

9594 860 207

00% 925 221
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EN 61482-1-1 TEST DUZENEKLERI

AN

Manitor sensors
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EN 61482-1-1

ARK ENERJISI : 8 kA

Q67 S

300 mm mesafe acik alan

Metod a kumas

Metod b elbise GECTI/KALDI YOK

APTV OLCULUR

20 deger olcultr. Degerlerin %20’den fazlasi
stoll degerleri Ustunde kalmamali.
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EN 61482-1-1

Stoll degerleri: Insan derisinin 1siya karsi toleransi — ikinci derece yanik
Stoll egrisi -insan dokusunun isiya toleransi verisinden liretilen ve ikinci
derece yanik yaralanmalarinin baglangicini tahmin etmekte kullanilan
termik enerji ve zaman egrisi

Table 1 — Human tissue tolerance to heat, second-degree burn [1]

Exposure Cal:_)rimeter equivalent
time Heat flux Total heat iron/constantan
thermocouple

s kW/m?2 kW-s/m2 AT °C AmY
1 50 50 8,9 0,46
2 31 61 10,8 0,57
3 23 69 12,2 0,63
4 19 75 13,3 0,69
16 80 14,1 0,72

6 14 85 15,1 0,78
7 13 88 15,5 0,80
8 11,5 a2 16,2 0,83
9 10,6 95 16,8 0,86
10 9.8 98 17,3 0,89
11 9,2 101 17,8 0,92
12 8.6 103 18,2 0,94
13 8,1 106 18,7 0,97
14 7.7 108 19,1 0,99
1 7.4 111 19,7 1,02
16 7.0 113 19,8 1,03
17 6,7 114 20,2 1,04
18 6.4 116 20,6 1,06
19 6,2 118 20,8 1,08
20 6,0 120 21,2 1,10
25 5,1 128 22,6 1,17
30 4.5 134 23,8 1,23
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EN 61482-1-2 KAPALI KUTU

» TEST PLAKASI VE NUMUNE KUMAS VEYA MANKENE GIYDIRILMIS
KOMPLE ELBIiSE

! TESTKUTUSU

. BAGLANTI KABLOLARI

: ARK BOSLUGT

300+ 1
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RESIM 1:

‘ELEKTRIK ARK KUTUSU
*KALORIMETRELER
‘KUMAS TEST NUMUNELERI
*EN 61482-1-2 METOD1

RESIM 2:

‘ELEKTRIK ARK KUTUSU
*KALORIMETRELER

*MANKEN (UZERINE GIYSI
GiYDIRILECEK)

*EN 61482-1-2 METOD2
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EN 61482-1-2

ARK ENERJISI:

Sinif1:4 Ka

Sinif 2 : 7 kKA

Ark suresi: 500 ms

300 mm mesafe kapal kutu

ELBISE VE KUMAS TEST EDILIR

GECTI/ KALDI VAR

ELBISE iCiN KRITERLER-METOD?2

- Elbisenin yanma suresi, 5 sn’ye esit veya daha az olacak,
- Elbisenin i¢ tarafina dogru erime gorulmeyecek,

- Her yonde en fazla 5mm delik olusacak (en i¢ tabakada),
- Baglayicilar( fermuarlar) iglevsel durumda olacak,

- Aksesuarlarin, yanma zamani, erime ve delik formasyonu
sonuglari uzerinde herhangi bir negatif etkisi olmayacaktir.
KUMAS KATMAN SiSTEMi -METOD1

- Elbise kumasinin ark isimasi sonrasinda yanma suresi 5
sn’ye esit veya daha az olacak,

- Kumas i¢ tarafina dogru erime gorulmeyecek,

- Her yonde en fazla 5mm delik olugmali ( en i¢ tabakada),
- Is1 yayilmasi E it- T max tekablil eden stoll
degerlerinin altinda kalacaktir.
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Temperaturanstieg in K

25

STOLL EGRISI

_ 1. KALORIMETRE

Ii 77 SICAKLIGIN EN
201~ b g e N 1
OLDUGU TEPE (N()K';l‘.»\:'s‘l )

15 : T o () g g ooy

0 TEST 4 KERE TEKRARLANIR.
HER BIR DENEME DE BLU
BUTUN DEGERLER STC
5l - KALMALL. )
ol 1 1 ! L ! !
0 10 15 20 25 30 35 40
Zeitins

EGRI CiZziLiR.
LL EGRISi ALTINDA
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Property - fabric Dimension || Test results — materiali combination 2ly
outer material: aramid/viscose fr/ AS, 260g/m?*
inner layer: aramid/viscose fr, 180g/m*

08-A01 08-A02 08-A03 08-A04

EN 61482-1-2 — arc resistance class 2/ 7 kA

Afterfiame time s o 0 0 0

Melting through fo the inside no no no no

Hole formation no* no no* no

Maximum temperature rise Tuax

at the backside of the specimen K 18,0 17,4 @

(both calorimeters) K 18,3 18,0

Time t to max. temperature rise Tmax s 26,9 26,3 25,8 29,1
S 26,0 27,1 26,1 30,0

Comparison:

allowed lemperature rise to avoid K

2" degree burning (STOLL values at time tmax) $

Acceptance criteria met met met rmet

ELECTPRO EN 61482-1-2 TEST SONUCU (7kA)

w
(@]

N
92}

STOLL DEGERLERI

N
o

=
0

— 50/50
KERMEL/LENZING

[y
o

ist artigi (K)

o un

25 26 27 28 29 30 31

gegen slire -saniye
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Property - fabric Dimension Test results - fabric double layer
88% Cotton / 12% PA flame retardant finished
10-EG1 | 10-EG2 | 10-EG3 10-EG4

EN 61482-1-2 — arc resistance class 2/7 kA

Afterflame time S 0 0 0 0

Melting through to the inside no no no no

Hole formation ho no no no

Maximum temperature rise T

at the backside of the specimen K 10,4

(both calorimeter) K 10,9

Time t to max. temperature rise Ty 8 30,0 30,0 27,7 30,0

S 27,3 30,0 29,3 30,0

Comparison:

aliowed temperature rise to avoid

2" degree burning (STOLL values at time tmg,) g Zj’j 22’2

Acceptance criteria met met met met

ELECTPRO COTTON EN 61482-1-2 TEST SONUCU (7kA)

w
o

N
(6]

N
o

[EEY
(2}

1s1 artisi(K)

——88/12 COTTON NYLON

[EnY
o

(6,

o

27 28 29 30

gegen siire-saniye

31

STOLL DEGERLERI

FR
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ELEKTRIK ARKINA KARSI KORUYUCU GIYSILERIN SAHIP OLMASI
GEREKEN OZELLIKLER

NORMAL KUMASLAR: Asetat, naylon, polyester, ipek veya
bunlarin karisimindan uretilmis giysiler..... GIYMEYIN!

APRE GIBI KIMYASAL ISLEME TABI TUTULMUS GUC
TUTUSUR KUMASLAR( Flame retardant FR)........... GIYIN!

KENDILIGINDEN ALEV ALMAZ (INHERENTLY FLAME
RETARDANT)...GIYIN!
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Calisma ortaminda hem korunmak hem de rahat ve konforunuzu
saglamak icin mutlaka dogal icerikli kumastan yapilma elbiseleri
tercih etmelisiniz.!

EN YUKSEK KORUMA — STANDARTLARA UYGUNLUK
[1 ~ EN61482-1-2 SINIF 2 7KA
! e EN1SO 11612 :2008
CE — 89/686/EEC DIREKTIFI

DOGAL VE SENTETIK ICERIKLI NEFES
ALABILIR YAPI ILE MUKEMMEL KONFOR

u" YUKSEK DAYANIKLILIK
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ELECTPRO® COTTON ELEKTRIK ARKINA
KARSI KORUYUCU CEKET PANTOLON

89/686/EEC CE SERTIFIKALI

EN 61482-1-2 SINIF 2 7kA

IEC 61482-2

EN ISO 11612 A1 B2 C2

IPLIKLER: % 100 ARAMID

KUMAS: 88/12 COTTON FR/ NYLON

330 GR/ M2 : 660 GR/M2 ( CIFT KAT)

FERMUAR: ALEVE DAYANIKLI NYLON 66 (
METAL PARCA YOK)

NOT: NFPA 70 E ...HRC 4:..40 CAL/CM2... 2

layers - 13 0z./yd2 (441 g/m2) & 5.5 oz./yd2 (186
g/m2) TOPLAM: 627 GR/M2 /

*ISI VE ALEVE KARSI KORUYUCU
OLARAK DA KULLANILABILIR.
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ELECTPRO® ELEKTRIK ARKINA KARSI
KORUYUCU CEKET PANTOLON

89/686/EEC CE SERTIFIKALI

EN 61482-1-2 SINIF 2 7kA

IEC 61482-2

EN ISO 11612 A1 B2 C2

IPLIKLER: % 100 ARAMID

KUMAS:

ARAMID / LENZING FR ®/ ANTISTATIK
ELYAF — 260 GR /M2 —DIS KAT
ARAMID / LENZING FR ®/ ANTISTATIK
ELYAF — 260 GR /M2 —IC KAT

FERMUAR: ALEVE DAYANIKLI ARAMID
NYLON 66 DISLI ( METAL PARCA YOK)

ISI VE ALEVE KARSI KORUYUCU
OLARAK DA KULLANILABILIR.
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ELEKTRIK ARKINA KARSI KORUYUCU EKIPMANLAR

* ELEKTRIK ARKINA KARSTKORUYUCU VIZOR

* FLEKTRIK ARKINA KARSTKORUYUCU GIV S
CEKET /PANTOLON

* FLEKTRIK YALITIMLIIZOLE CIZME

\ I *KULAKKORUYUCULAR

ELEKTRIKCi BARETI

EN 397, EN 50365, ANSI Z89.1
ELEKTRIKCI VIZORU

EN 170, EN 166 “8” ISARETLI - 12
kA

ELEKTRIK ARK ELBISESI

EN 61482-1-2 SINIF 2, EN ISO 11612
ORGU IC GiYIM

EN ISO 11612

IZOLE ELDIVEN

IEC 60903/ EN60903
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