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1. wheuaz “gyanwelaasnasgiu IEC (IEC 27-1 1992-12)

133118 (Quantity)

U3l (Unit)

“anwal (Symbol)

Active power
Admittance

Angular acceleration
Angular velocity
Capacitance
Concentration (of amount of substance)
Conductance

Current density
Density, mass
Electric charge density
Electric field strength
Electric flux density
Energy density
Entropy

Heat capacity

Heat flux density
Nlluminance
Impedance
Inductance
Luminance
Luminous efficacy
Luminous energy
Luminous exitance

Luminous flux

watt

siemens

radian per second squared
radian per second

farad

mole per cubic meter
siemens, mho

ampere per square meter
kilogram per cubic meter
coulomb per cubic meter
volt per meter

coulomb per square meter
joule per cubic meter
joule per kelvin

joule per kelvin

watt per square meter

lux

ohm

henry

candela per square meter
lumen per watt
lumen-hour, lumen-second
lumen per square meter

lumen
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133194 (Quantity)

U2 (Unit)

v @ (3

Uanuak (Symbol)

-3
AN
YN, L3
13zq lwivh
319
WA (energy)
WAN (energy)
X o4
AU
WA
w396 lnih
A

pPRIVEIHY

meter per second
newton

coulomb

cubic meter
watthour

joule

Square meter
kilogram

volt

second, minute, hour

degree celsius, kelvin

m/s
N
C

m3

Wh

kg

s, min, h

‘C, K

2. Decimal Powers (parts and multiples of units)

Power Prefix Symbol Pronunciation

10718 Atto a as in anatomy

1015 Femto f fem’ oh (fem as in feminine)

10712 Pico o peek’ oh

1079 Nano n nan’ oh (an as in ant)

10 Micro u as in microphone

1078 Milli m as in military

102 Centi o} as in centipede

101 Deci d as in decimal

10 Deca da deck’ a (a as in about)

102 Hecto h heck’ toe

10° Kilo k kill' oh

108 Mega M as in megaphone

109 Giga G jig' a (I as in jig, a as in about)

1012 Tera T as in terrace

1015 Peta P pet’ a (e as in pet, a as in about)

1018 Exa E ex a (a as in about)
Gaathens 9

uF, uH, kvar, kW, kWh, MVA, Mvar, MW



4> gliadmans wih

3.

Greek Alphabet

Capital

Lower case

Greek name

zZ 2 > W — @@ N ®= D> Tw >

D€ X 8 < a9 MY 0O

o< ™ Q

DO S5 /N m

A~ Q mm 3 O Mm < T > X

ED-Q-C

Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
Lota
Kappa
Lambda
Mu

Nu

Xi
Omicron
Pi

Rho
Sigma
Tau
Upsilon
Phi

Chi

Psi

Omega
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4. M5uYanIgsTndeihINuiaaLNaGg

maudasmbeaniudusisdiuas

Inch mm Inch mm Inch mm Inch mm Inch mm
1/64 0.397 7/32 5.556 27/64 10.716 5/8 15.875 53/64 21.034
1/32 0.794 15/64 5.953 7/16 11.112 41/64 14.272 27/32 21.431
3/64 1.191 1/4 6.350 29/64 11.509 21/32 16.669 bb/64 21.828
1/16 1.687 17/64 6.747 15/32 11.906 43/64 17.066 7/8 22.225
5/64 1.984 9/32 7.144 31/64 12.303 11/16 17.452 57/64 22.622
3/32 2.381 19/64 7.541 1/2 12.700 45/64 17.869 29/32 23.019
7/64 2.778 5/16 7.937 33/64 13.097 23/32 18.256 59/64 23.416
1/8 3.175 21/64 8.334 17/32 13.494 47/64 18.653 15/16 23.812
9/64 3.672 11/32 8.731 35/64 13.891 3/4 19.050 61/64 24.209
5/32 3.969 23/64 9.128 9/16 14.287 49/64 49.447 31/32 24.606
11/64 4.366 3/8 9.5625 37/64 14.684 25/32 19.844 63/64 25.003
3/16 4.762 25/64 9.922 19/32 15.081 51/64 20.241 1 25.400
13/64 5.159 13/32 10.319 39/64 15.478 13/16 20.637 2 50.800

msudasveaniiadwasduiia

0 0.03937 | 0.07874 | 0.11811 | 0.15748 | 0.19686 | 0.23622 | 0.27559 | 0.31496 | 0.35433
10 0.39370 | 0.43307 | 0.47244 | 0.51181 | 0.55118 | 0.569065 | 0.62992 | 0.66929 | 0.70866 | 0.74803
20 0.78740 | 0.82677 | 0.86614 | 0.90551 | 0.94488 | 0.98425 | 1.02362 | 1.06299 | 1.10236 | 1.14173
30 1.18110 | 1.22047 | 1.26984 | 1.29921 | 1.33858 | 1.37795 | 1.41732 | 1.45669 | 1.49606 | 1.563643
40 1.67480 | 1.61417 | 1.66364 | 1.69291 | 1.73228 | 1.77165 | 1.81102 | 1.85039 | 1.88976 | 1.92913
50 1.96850 | 2.00787 | 2.04724 | 2.08661 | 2.12598 | 2.16535 | 2.20472 | 2.24409 | 2.28346 | 2.32283
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5. MSHUMINULBINGY LNGFN WAZBLAEM

WUILUIVUN LGN BINGY LLAZBLNGN

G (wadn) Alandu (kg) aua (ib) aawd (oz) G (Beng) G (awidn)
1 1000 2204.6 35274 0.9842 1.1023
0.001 1 2.2046 365.274 0.00098 0.0011
0.454 (1078 0.454 1 16 0.000447 0.0005
0.283 (10 0.0283 0.0625 1 0.279 1o 0.312 (10
1.016 1016 2240 35840 1 1.120
0.9072 907.19 2000 32000 0.8929 1
MILNUN LNG3N BING LATALNEN
Square meter mm? sq.mile sq.ft sq.in circular mils
1 1 000 000 0.386 (106 10.746 1550 197.3 [1o”
106 1 0.386 [10712 1076 104 0.00155 1973
2589999 259 [1010 1 27879 (103 40145 [10° 5098 [10'2
9.290 [1072 92903.4 0.0358 (106 1 144 183 [106
6.452 (10 645.162 0.2396 107 0.006940 1 1.27 (106
506.7 (10712 506.7 (106 0.196 [101° 0.00547 (1076 0.785 [10°® 1
AUILANINLTD LNGFN BINGI LAZBLNTM
km m mm yd ft inch
1 1000 1 000 000 0.6213 1093.7 3281 39370
0.001 1 1000 0.6213 (103 1.0937 3.281 39.370
0.000 001 0.001 1 0.6213 (106 0.001094 0.003281 0.03937
1.60953 1609.53 1609528 1 1760 5280 63380
0.000914 0.9143 914.32 0.5682 (1073 1 3 36
305 (1073 0.30479 304.79 0.1894 (107 0.3333 1 12
0.254 (10 0.02539 25.3997 0.158 (104 0.02777 0.0833 1
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6. WU SI AZANN “NWUS

TN Howae | “mydnwal W AUgI% A3 “WAUS
[
Force Newton N 1 Dkg—z
s
(n?
Force momentum | Newton metre| Nm 1 Dkg—z
s
k N
Pressure Bar bar 10° cl 1bar = 10°Pa = 10°—
m (32 m?
kg 5
Pascal Pa 10— 1Pa = 107 bar
m [
[n?
Energy, heat Joule J 1 Dkg—z 1J = 1Ws = 1 Nm
s
(A J N [h
Power Watt w 1 Dkg— W=1— =1
g3 s cm?
N k N N
Tension e 106—g 1— = 102—
mm? m 2 mm? cm?
Angle (flat) Grad i 360" = 1pla = 2mrad
Gon gon 400 gon = 360
Radian rad 1 =
m
Full circle pla 1pla = 2Mrad = 360°
(2 w
Voltage Volt v 1 [ 1v = 1 0=
s8 [A A
(hn? \Y w
Resistance Ohm Q 1 1Y 1Q =1 =10=
3 [h? A A?
3 &2 2
S A
Conductivity Siemens S 1 1S =100— =1 DA—
kg [n? \Y% w
Electric charge Coulomb ¢ 1A %
4 2
s C A
Capacitance Farad F 1 O0——— 1F =10 = 10—
kg [? Y w
\Y% kg [ \ W
Field force — 12 1— = 10—
s3 (A m A [
(n? w [
Flux Weber W, i 1w, = 1 G = 10—
s? (A A
k W, v [ 3
Flux density Tesla T 10— 1T = —2 13— =1 [L
g2 [A m? m? m?A
[n? A CH Ch
Inductance Henry H 1 g 1H = —2 =1 L =1 liL
% [h? A A A?
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7. ana “aRusssuiewig ST Aumiedu o

1159 (Mechanical force)

1N = 1J/m = 1 kg m/s? 0.102 kp 105 dyn
1J/m = 1N = 1 kg m/s? 0.102 kp 10° dyn
1 kg m/s? = 1N = 1Jm 0.102 kp 10° dyn
1 kp = 981N = 981 J/m 9.81 kg m/s? 0.981 [106 dyn
1 dyn = 105 dyn = 10%J/m 10% kg m/s? 1.02 105 kp
AUAW (Pressure)
1 Pa 1 N/m? = 107 bar
1Pa 107 bar 10.2 407F at 9.87 (106 at 7.6 (107 Torr
1 bar 10° bar 1.02 at 0.987 at 750 Torr
1at 98.1 [10° Pa 0.981 bar 0.968 at 736 Torr
1 atm 101.3 [10° Pa 1.013 bar 1.033 at 760 Torr
1 Torr 133.3 Pa 1.333 [40°° bar 1.359 (107 at 1.316 (107 atm
9% (Work)
1 Ws =1J = 1 Nm 1O7erg
1 Ws = 278 [109kWh | = 1 Nm =1J = 0.102 kpm = 0.239 cal
1 kWh 3.6 [10° Ws 36 (106 Nm | = 36 [10°J = 367 [10° kpm = 860 keal
1 Nm 1 Ws 278 109 kWh | = 1J = 0.102 kpm = 0.239 cal
1J 1 Ws 278 (109 kWh | = 1 Nm = 0.102 kpm = 0.239 cal
1 kpm 9.81 Ws 272 [10C kWh | = 9.81 Nm = 9817 = 234 cal
1 keal 419 [10° Ws 1.16 [(10° kWh| = 419 [10° Nm | = 419 [0o®J = 427 kpm
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8. amamelwihuazdu g

Ohm’s Law
U = IXR[V] 1= 9 g - Y0
R 1
Resistance of a piece of wire
1 m
R = Q Copper : = 57
X A[ ] pp X O’
1 = Length of conductor (m) Aluminium : X = 33 m >
Qmm
X = Conductivity (m/Qmm?) Iron : X = 83 m 5
Qmm
A = Conductor cross-section (mm?2) Zinc : X = 165 m >
Qmm'
Resistance
Transformer X, = 2XTmXIixL (Q)
Capacitors Xa TXTXIXC (Q)
Impedance 7 = VRZ + (X - X2 7 = R Q]
L “C cos ¢
L = Inductance (H) f = Frenquency (Hz)
C = Capacitance (F) ¢ = Phase angle
X; = Inductive resistance (Q)
Xo = Capacitive resistance (Q)
Parallel connection of resistance
With 2 parallel With 3 parallel
resistances : resistances :
R, X X R, X
Ry = Ry = ]
R+ R, R, XR, + R, X Ry + R, X Ry
General calculation of resistance :
]ZI iII]II]II..[l/Q] ]ZI ]II]II]II..[UQ]
R R, R, R, Z Z, 2, 2,
= e s e WV
X X X, X
Electric power
Power Current consumption
P
DC P = UXI[W] I = —[A]
U
) P
Single-phase AC P = UxIxcos ¢p[W] I = ———[A]
U x cos ¢
P
Three-phase AC P = 4/3xUXIXcos W] ] = ——[A]
3 ¢ 3% Ux cos §
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9. d1ﬂ11u€l’1uﬂ‘mm&1ﬂﬁ’mlaﬁmq

Specific electric resistance of conductors at 20°C

Specific electric

Electric conductivity

Temperature

Density
Conductor resistance @ x=11Q coefficient O
(kg/dm3)
(mm?2 Q/m) (m/mm2 Q) (K1)

Aluminium, 99.5% Al, soft 0.0278 36 4 [do® 2.7
Al-Mg-Si 0.03...0.033 33..30 3.6 Oo® 2.7
Al-Mg 0.06..0.07 17..14 2.0 do? 2.7
Al bronze, 90% Cu, 10% Al 0.13 7.7 32 0% 8.5
Bismuth 12 0.83 45 o 9.8
Brass 0.07 14.3 1.3..1.9 o? 8.5
Bronze, 88% Cu, 12% Sn 0.18 5.56 05 03 8.6..9
Cast iron 0.60...1.60 1.67..0.625 19 0o® 7.86...7.2
Conductor copper, soft 0.01754 57 40 o 8.92
Conductor copper, hard 0.01786 56 3.92 Qo3 8.92
Constantan 0.49....051 2.04..1.96 -0.05 (o3 8.8
CrAl 20 5 1.37 0.73 0.05 (4073 -
CrAl 30 5 1.44 0.69 0.01 (o® -
Dynamo sheet 0.13 7 45 o® 7.8
Dynamo alloy (1 to 5% Si) 0.27..0.67 37.15 - 7.8
Graphite and retort carbon 13...100 0.077...0.01 -0.8..-021 o 25..15
Lead 0.208 4.8 40 Ho® 11.35
Magnesium 0.046 216 3.8 Oo® 1.74
Manganin 0.43 2.33 0.01 o3 8.4
Mercury 0.958 1.04 0.90 (o3 13.55
Molybdenum 0.054 185 43 o3 10.2
Monel metal 042 2.8 019 (o*® -
Nickel silver 0.33 3.03 04 o3 8.5
Ni Cr 30 20 1.04 0.96 024 (o 8.3
Ni Cr 60 15 1.11 0.90 0.13 (o® 8.3
Ni Cr 80 20 1.09 0.92 0.04 (o® 8.3
Nickel 0.09 11.1 6.0 (o3 8.9
Nickeline 04 25 0.18..021 (03 8.3
Platinum 0.1 10 38..3.9 10° 21.45
Red brass 0.05 20 - 8.65
Silver 0.0165 60.5 41 o 10.5
Steel, 0.1% C, 0.5% Mn 0.13..0.15 77..8.7 4.5 07 7.86
Steel, 0.25%, C 0.3%, Si 0.18 55 4.5 0% 7.86
Steel, spring, 0.8% C 0.20 5 4.5 0% 7.86
Tantalum 0.16 6.25 3.5 Oo® 16.6
Tin 0.12 8.33 44 0% 7.14
Tungsten 0.055 18.2 46 o3 19.3
Zinc 0.063 15.9 3.7 Oo® 7.23

Resistance varies with temperature. For any temperature between - 50°C and 200°C

0

0

@ =@, x[1+a@-20)]

X, = Xy X |1+ 000 -20)|
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10. Standard symbols (2989 IEC 617 ANSI Y32.2(1995) uas NEMA ICS-1 (1983))

RNLAY
918N19 IEC ANSI
a3 IEC
03-02-01 Connection of conductors [ ] [ ]
03-02-02 Terminal O O
03-02-04 Junction of conductors
or or
03-02-05
03-02-03 Terminal strip / block 112|3|4 1]2|3|4
03-01-01 Conductor
103-01-01 Conductor (for later expansion) | = & @—————
02-12-01 Line of application, general system | ~ -—--------- | = oo ——-
02-12-04 Line of application, optional, denoting
small interval
02-01-06 Separation between two fields . O
02-01-06 Line of separation between functional e ain 1 | — 1
it 0 S|mElliaIseie e e —— B I A _
[ 1 [ ‘I
02-01-07 Screen : . ! |
________ - _—————m———d
02-15-01 Earth, general symbol J_ J_GRD
Ground, general symbol = =
02-15-03 Protective earth @ @
Protective ground
03-03-05 Connector with plug and socket éj
¢ * PL
03-03-06 Connector with plug and socket
Y YRECP
1 .
03-03-18 Isolating point, lug, closed | |
T T
04-01-01 Resistor, general symbol or RES
04-01-02 —F W —F W
RES
04-01-09 | Resistor with fixed tappings _‘J;L,_
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11. Device Function Number for Electric Power System (ANSI C 37.2)

e Definition and Function
Number

1 master element is the initiating device, such as a control switch, voltage relay, float switch, etc.,
which serves either directly, or through such permissive devices as protective and time-delay
relays to place an equipment in or out of operation.

2 time-delay starting, or closing, relay is a device which functions to give a desired amount of
time delay before or after any point or operation in a switching sequence or protective relay
system, except as specifically provided by device functions 62 and 79 described later.

3 checking or interlocking relay is a device which operates in response to the position of a
number of other devices, or to a number of predetermined conditions in an equipment to allow
an operating sequence to proceed, to stop, or to provide a check of the position of these devices
or of these conditions for any purpose.

4 master contactor is a device, generally controlled by device No. 1 or equivalent, and the
necessary permissive and protective devices, which serves to make and break the necessary
control circuits to place an equipment into operation under the desired conditions and to take it
out of operation under other or abnormal conditions.

5 stopping device functions to place and hold an equipment out of operation.

6 starting circuit breaker is a device whose principal function is to connect a machine to its
source of starting voltage.

7 anode circuit breaker is one used in the anode circuits of a power rectifier for the primary
purpose of interrupting the rectifier circuit if an arc back should occur.

8 control power disconnecting device is a disconnecting device—such as a knife switch, circuit
breaker or pullout fuse block—used for the purpose of connecting and disconnecting,
respectively, the source of control power to and from the control bus or equipment.

Note : control power is considered to include auxiliary power which supplies such apparatus
as small motors and heaters.

9 reversing device is used for the purpose of reversing a machine field or for performing any other
reversing functions.

10 unit sequence switch is used to change the sequence in which units may be placed in and out
of service in multiple-unit equipments.

11 Reserved for future application.

12 over-speed device is usually a direct-connected speed switch which functions on machine
overspeed.

13 synchronous-speed device, such as a centrifugal speed switch, a slip-frequency relay, a voltage
relay, an undercurrent relay or any type of device, operates at approximately synchronous speed
of a machine.

14 under-speed device functions when the speed of a machine falls below a predetermined value.
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12. International Specification

Devices Country Standard
Control circuit devices International/Europe IEC/EN 60 947-4-1
Enclosures International/Europe IEC/EN 60 439...
International/Europe IEC/EN 60 529
Canada CAS C 22.2-14
CAS C 22.2-94
USA NEMA ICS 6
NEMA 250
UL 50
Switches International/Europe IEC/EN 61 058
Industrial electronics Germany VDE 0160
Industrial machines International/Europe IEC/EN 60 204-1
Canada CSA C 22.2-73
CSA C 22.2-105
USA JIC EGP-1
JIC EMP-1
NFPA 79
Installations International IEC 364-...
Australia AS 3000
Belgium AREI/RGILE.
Germany VDE 0100
France NF C 15-100
Great Britain BS 7671

Canada CSA C 22.1 (CEC)

Netherlands NEN 1010

Switzerland SEV HV 1000

USA NEC (=NFPA 70)
Switch disconnectors International/Europe IEC/EN 60 947-3
Circuit breakers International/Europe IEC/EN 60 947-2

Australia AS 3858

Japan JIS C 8370

Canada CSA C 22.2-6.1

USA UL 489

Japan JEM 1071

JIS C 8370
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13. Appoval Authorities

Abbreviation Full Title Country

ABS American Bureau of Shipping USA

AEEMA Australian Electrical and Electronic Manufacturers’ Association Australia

AFEI Associazione Elettrotecnica Italiana Italy

ALPHA Gesellschaft zur Priifung und Zertifizierung von Neiderspannungsgerdten | Germany

ANSI American National Standards Institute USA

AS Australian Standard Australia

ASTM American Society for Testing and Materials USA

BBJ-SEP Biuro Badawcze d/s Jakosci Poland

BS British Standards Great Britain

BV Bureau Veritas France

CAMA Control and Automation Manufacturers’ Association Great Britain

CAPIEL Comité de coordination des association de constructeurs d'appareillage Europe
industriel électrique du Marché Commun européen

CEBEC Comité Electrotechnique Belge Belgium

CEC Canadian Electrical Code Canada

CECC CENELEC Electronic Components Committee Europe

CEE Commission of Rule for the Approval of Electrical Equipment Europe

CEI Comitato Elettrotecnico Italiano Italy

CEMA Canadian Electrical Manufacturers’ Association Canada

CENELEC Comité Européen de Normalisation Electrotechnique Europe

CISPR International Special Committee Radio Interference -

CNOMO Commission for standardization of tools and machine tools in the French | France
Automotive industry

CSA Canadian Standards Association Canada

DEMKO Danmarks Elektriske Materiellkontrol Denmark

DIN Deutsches Institut flir Normung Germany

DNV Det Norske Veritas Norway

EEMAC Electrical and Electronic Manufacturers Association of Canada Canada

EI Elektriska Inspektoratet Finland

EIEMA Electrical Installation Equipment Manufacturers’ Association Great Britain

EN Europaische Norm Europe

EZU Elektrotechnicky Zku'ebni Ustav Czech Republic

FIMKO Word formed as in DEMKO, NEMKO, SEMKO Finland
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14. Test and Approval Authorities

Country Test Authority Stamp
Belgium Comité Electrotechnique Belge Belgisch Elektrotechnisch Comité e
(CEBEC) -
Denmark Danmarks Elektriske Materielkontrol (DEMKO) @
Germany Verband Deutscher Elektrotechniker
Finland FIMKO @
France Union Technique de lelectricité (UTE)
Canada Canadian Standards Association (CSA) @
Croatia Zavod za Ispitivanje Kvalitete Robe A
Netherlands Naamloze Vennootschap tot Keuring van Electrotchnische Materialen
(KEMA)
Norway Norges Elektriske Materiel kontroll (NEMKO)
Poland Biuro Badawcze d/s Jakosci
Russia GOST R
Sweden Svenska Elektriska Materielkontrollanstalten (SEMKO)
Switzerland Schweizerischer Elektrotechnischer Verein (SEV)

Czechoslovakia Elektrotechnicky Zkujsebni Ustav

Hungary Magyar Elektrotechnnikai Ellenorzd Intezét

USA Underwriters Laboratories

2o Ple LoDy e
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15.

1.

10.

11.

12.

13.

14.

15.

sw%ammgmqﬂnsmﬂ%lﬁw (3nesulisa)

N, 23-2521 taa 6 WUVaRANRDRlS Laue

Sofisinal$iiedy 1wy, 2522

xan. 203-2541 18 lnihezgRiflesiushoanulndbfianaalsd
Sofiinal¥iied 27 5.0, 2542

N8N, 366-2528 L6113 W

Sfisiualdiiedy 6 fy. 2529

N, 183-2528  GSALARS WTUNGoaLs LEue

Sfisinal¥Tedy 20 .o 2529

NaN. 4 1@ 1-2529 v Wih

Soisinal$iTed 1 w.e. 2530

w@n. 10-2529 7y ‘M

Sdisiualdiiedy 21 wa. 2530

aan. 344-2530 TSUmeaeigeais Wuuasaty endmieas
Sfisinal¥iied 25 0.0, 2531

nan.11-2531 elviihvasussiaiudelnd hiiaraalsd

Sfisinaldiiedy 1 5.0, 2532

an. 956-2533 MAOAWADDLS WIS aWzenuaNalaansi
SufiiualFiied 25 n.e. 2534

uan. 934-2533 VaaxWihnsse AU wnsiuenaUaande
TufituaHiTse 25 5.0, 2534

wan. 870-2532 LN lWvhafiadvhanudausuuidey wwnzmuanuaaasit
SufiualFiedy 21 n.y. 2536

Nan. 1463-2540 A3asinih - aneduemaannie

Sufiiualdiied 23 5.0, 2544

Nan. 1389-2539 1PAR9RLEN - e anlaanse

el 4ed 23 .0, 2545

aion. 1195-2636 10309381nM30fin “uazaUnaslifeadeofidiuumasha lihlssom
°m%ﬂ%ﬂwﬁaQmﬁaLLammﬁavl,ﬂ?iﬁé’ﬂwmmﬁmﬁu wsaNNLaaaiY
Suffnal¥Ted 31 6. 2545

A@N. 19552542 137704 ‘80 hauasSninedei : Sedrie “ansuNIIng

NAAna HT9d 11 0. 2545
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16. 9Spuieussaumsilasnuszndns NEMA fu IP

NEMA Enclosure Type Number IEC Enclosure Classification Designation

1 P10

2 P11

3 P54

3R P14

35 P54

4 and 4X P56
5 P52

6 and 6P P67
12 and 12K P52
13 P54

wneweg  sedumsilasiumaszunees NEMA #u 1P lwusazsediumsifastiuldasstiunad Tumasidumsufon

sydunstiosfuansieiesviadianszunees NEMA 1 aandesiuszuy TP mamsiisngawes [EC whii

NyEiAsunsEULYes TP 1% aedestussuy NEMA tmgmsoiauanshsaan b

17. Gadtn asenanasgwniedasiv

M IP (Index of Protection) ﬁ?%%@ﬂ@&l&ﬂ@ﬁﬁ?% IEC 529 Lag dan. 513 fmuaduiiay 2

N9 MW AIANNNEIT sl G6TaT

P12

I— b GNAIN mﬁmsl,umiﬁaaﬁmmmm

W39 3 NAN NAIANT IP usilaeria Wiunmviuaies 2 wanvinie ensrsneaasusasndny a9l

W e 1ansn lumstlasiuingiiaaoadimelu

Index of Protection
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2.2 Bnfivaudusy 1wlndnduluvievsadu 1gwmba

P

W3 19lnimn won. 11-2531

unit 2 elihuasedaviluih (:53

a 6
awa 1wl | ansdwumu ANNGIUNIL ANNGIUNI Suanuaud s[su:ag me:‘
(15.3081.) szl @sefl 20°C | nszw dufi 40°C | nsw Sudi 7o'c luviealane wga wim
(findlasi/a) (finalasiu/a) (findlasiaal) (indlasia/al) :ﬂf e
(Hinlasiu/al)

05 36.0000 38.75798 42.89760 0.14230 0.17788
1.0 18.1000 19.48669 21.56800 0.12660 0.15825
15 12.1000 13.02702 14.41840 0.11950 0.14938
2.5 7.4100 7.97763 8.82970 0.11013 0.13766
4.0 4.6100 4.96320 5.49330 0.10686 0.13358
6.0 3.0800 3.31594 3.67010 0.10269 0.12836
10 1.8300 1.97017 2.18060 0.09988 0.12485
16 1.1500 1.23807 1.37030 0.09508 0.11885
25 0.7270 0.78279 0.86640 0.09464 0.11830
35 0.5240 0.56469 0.62500 0.08665 0.10831
50 0.3870 0.41739 0.46197 0.08722 0.10903
70 0.2680 0.28999 0.32096 0.08433 0.10541
9% 0.1930 0.20988 0.23230 0.08345 0.10431
120 0.1530 0.16739 0.18527 0.08002 0.10003
150 0.1240 0.13682 0.15143 0.07969 0.09961
185 0.0991 0.11075 0.12258 0.07948 0.09935
240 0.0754 0.08633 0.09555 0.07788 0.09735
300 0.0601 0.07004 0.07752 0.07738 0.09673
400 0.0470 0.05829 0.06452 0.07658 0.09573
500 0.0366 0.04863 0.05382 0.07723 0.09654
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: 2.3 auat wHuARINa U 29lW

2.3.1 wwaL BHIRAUSNA NI (LaziUdan) vad 18l INEARN
Han. 11-2531

2was “unueudnaszes 1elwihsananiu (wazulden) Wuiadwas
2UIe 18
WS | 12an59 ; 1261519 ;
Tt i P 185199 7 i 1865197 9
(A9.88.)
THW | NYY 1-C |NYY 2-C| NYY 3-C | NYY 4-C| NYY-N |VCT-1C|VCT-2C | VCT-3C | VCT-4C
05 3.0 - - - - - 5.4 838 92 105
1.0 33 88 125 13.0 140 - 62 96 105 | 120
15 36 92 13.0 135 145 - 6.6 110 115 | 125
25 40 98 14.0 160 16.0 2 74 125 130 | 150
4 48 106 165 166 175 - 86 145 165 | 170
6 58 11.0 17.0 18.0 19.0 19.0 94 16.0 176 | 195
10 7.2 12.0 195 205 23.0 23.0 120 | 200 215 | 240
16 8.4 13.0 225 245 26.5 265 135 | 230 250 | 280
26 105 145 27.0 285 310 31.0 160 | 275 300 | 330
36 115 16.0 295 3156 350 35.0 175 | 310 335 | 370
50 135 17.0 335 36.0 3956 3956 21.0 - - -
70 155 19.0 38.0 405 445 445 23.0 - - -
95 18.0 215 45 46.0 515 51.5 265 - - -
120 195 23.0 465 50.5 56.0 56.0 - - - -
150 215 26.0 52.0 56.0 62.0 62.0 - - - -
185 24.0 28.0 57.0 615 68.0 68.0 - - - -
240 27.0 3156 64.0 69.0 76.5 765 - - - -
300 30.0 35.0 70.7 76.0 85.0 84.0 - - - -
400 335 385 - - - - - - - -
500 38.0 430 - - - - - - - -
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2.4 HuANARYINTIMALIYN (Kaztdan) Uy 1glnin

i AN HBN. 11-2531
ﬁuﬁmﬂﬁmm1asquamw,mzu]§an (a15.881.)
210 18 afiavas 1elwih
CEat THW NYY 1-C NYY 2-C NYY 3-C NYY 4-C NYY-N
( ’lilﬂ’li’ld'ﬁ )| ( ’IEJGI’I‘S’N"?; 6) | ( 1%161’151\1‘?‘ 7) | ( 1%1(9‘1’151\1‘?‘ 7) | ( ’lilﬂ’li’ld'ﬁ 7) | ( 1961’1‘5’1\3'?; 8)
0.5 71 - - - - -
1.0 8.1 58.1 113 123 143 -
15 10.2 63.6 123 133 154 -
2.5 12.6 75.4 154 177 201 -
4 18.1 86.6 189 214 241 -
6 26.4 9% 227 255 284 284
10 40.7 113 299 330 416 416
16 55.4 133 398 471 552 552
25 86.6 165 573 638 756 756
35 104 201 684 779 962 962
50 143 227 882 1018 1226 1225
70 189 284 1134 1288 1566 1565
95 254 363 1419 1662 2083 2083
120 299 416 1698 2003 2463 2463
150 363 531 2124 2463 3019 3019
185 452 616 2562 2970 3632 3632
240 573 779 3217 3739 4596 4596
300 707 962 3904 4536 5676 5675
400 831 1164 - - - -
500 1134 1452 - - - -




unit 2 elihuasedaviluih (:57

2.5 miwﬁuﬁwﬁﬂﬁm'm”a AvD9 ﬂﬂ‘lﬂﬂﬂt“’uﬁmﬂu%’aﬂaz
g uNUNUNTIAAUDYIa

(5’7@50;/7@75@%777’5@@ﬁmw‘ZVMﬁ “wsutlssmele 17 msumadn 1esoevio)

dwan eluviafer g 1 2 3 4 AN 4
1elnynatiesnidu erfiasilaonaeidiy 53 | 31 40 | 40 40
1o lviafiediuaenazmovia 55 | 30 | 40 | 38 35

2.6 AIFNU AVAUINIAGAYINN9INYDIaZ0s 19lWHn
(¥2n. 770-2531)

Hudimadanemely (@s.am)
AWIAT (NN.) FUAVRIYID
vialaneung o langwwrthunans ol
15 195 230 201
20 343 390 355
25 555 637 572
32 967 1091 986
40 1313 1467 1338
50 2164 2382 2196
65 3776 3367 3137
80 5706 5175 4837
90 7447 6907 6458
100 9520 8871 8309
125 - - 13041
150 - - 18786
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2.7 U9 _AVDY 1¢luilwvia3es 19
; (violanz MmN HaN. 770-2531)

(5’7050;/7@;5@%7777@7@@3’0%7@7Wﬁ7 “sutlssiee)

271  glWfaem won. 11-2531  19a15 W0 4 (THW) auisigiu
Tuvia%¥es 1@

awia 181w .  ee .
(@5.300) dwan 9 ezas wivihawedusiuluvisden e
1 7 13 20 33 - - - - - - - -
156 6 11 17 28 44 - - - - - - -
25 4 8 13 22 34 - - - - - - -
4 3 5 9 15 23 36 - - - - - -
6 2 4 7 12 1<) 29 = - - - - -
10 1 3 4 7 12 19 32 - - - - -
16 1 1 3 b 9 14 23 36 - - - -
25 1 1 1 3 5 9 15 23 29 - - -
35 - 1 1 3 4 7 12 19 24 30 - -
50 - - 1 1 3 5 9 14 17 21 34 -
70 - - 1 1 2 4 y/ 10 13 16 26 37
95 - - 1 1 1 3 5 7 10 12 19 27
120 - - - 1 1 2 4 6 8 10 16 23
150 - - - 1 1 1 3 5 7 8 13 19
185 - - - - 1 1 2 4 5 6 10 15
240 - - - - 1 1 1 3 4 5 8 12
300 - - - - - 1 1 2 3 4 6 10
400 - - - - - 1 1 1 2 3 5 8
500 - - - - - - 1 1 1 2 4 6
: EXEND 15 20 25 32 40 50 65 80 90 100 125 150
wnevle
e 1/2 3/4 1 11/4|11/2 2 2172 3 31/2 4 5 6
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3 2.8 WUIANTZL VY 19 HHA

(5’7\750‘1/7@7557157775@@@3’07470‘2741% “sutlssiee)

guianszl 909 e lninesuasiuaminiid  Andemusnasginees WNOwNaIIN
a o ¢ A > A
rARTTHTge mnasad sen. 11-2531 Whiwlaamaedi 2.2 uaz 2.3

genszl 909 18l meslasiiamunTe RedlnaAlanfian svuuusee 600 lad T
Tensensefi 2.4 uaz 2.5

PnanTzl 289 8 inihnesuasinaiuase Adlndloniian szuuussiu 11 S 33 13
Thdwllasesei 26 uay 2.7

gwenszl 999 ewadasiadale dnhuazn/don (sheath) henemasuns nadldi3Fdx
(covered) wazilAnssams “uel fslé qrumnfivasuldonlane 70°C THifumumeeii 2.8

a a 3 v o A o v A 1A A v

pnenszi 909 eedasiadale drhuszfen (sheath) videmasuns nedlafifAdin
ponpAveswfenlave 105°C Tifulumumaneii 2.9

gnenszl mufrmue lumanalildrmamaeusssiuan

PINANTEL aRfvnA Mg 14 migaumgilegsay 30 'C usz 40°C uwduensdl
wSuehgamnRaulA s gauioSudmammvun B hwsnemgsarhenms

Y A ! a a o U v a YA U ° A

&fl wligoadin 1elwidentiunnnd 8 17w (eedanaeunulifahdmouunude

S ) Teeliviusinh "mudeasdulildshamuieaneananszl mumei 2.1

o o ' a o w’[ , & ‘1 a o
M99 2.1 FIATRAAAINITH: LHBIANAIWIN 1BUREE WBBIOW 18 wﬂ'll;ﬂﬂ'!ﬂ%

U 8l XL
4-6 0.82
7-9 0.72

10 - 20 0.56
21 - 30 0.48
31 -40 0.44
1fiv 40 0.38
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(5’7@50;/7@;557% DIN 43 670 iag 43 671)

o 6 dl XK ° o 1 zdl 1 ¥ ¥ a
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USuen asan mwms@aesldnushslaniimue i
U dl 1 U
awens = Amawld x K, x K, x K; x K,

@ @ 1 =t v (% oA a o 3 A a v A
fdsuan K, Lﬂumﬁi‘ummawmqqumaw U?iLLﬂS/M?@QM%QNLL’J@ﬂaNLﬂaElu\tﬂ""\]'m

AAMNUA
2.2 0
01 g
= L1000

2.0 e 15 2
1.9 ] - L 20 =
' = = Tl o5 5@
18 = 130 &
17 = = 2(5) “é
16 I

) 55

§ 14 60

g 13

5 12

3]

8 11

8 10
99
08
0.7
06
05
0.4
03

50 60 : 7:0 80 90 100 100 120
gamnfitl 113 (C)

a

509 21 nswidadiuen (k,) Wasnaamgidewldanniifiue

°

(gomRTTvuads aumniwindas 36°C wazaun)Asig 65°C)

3 U

shothsmsldnsml AemgnimgRwedesauwmily 40°C efiswldanmnedinsgudneg 09
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: 2.10 WS9AUAN
1. 2935 3 W

VD NBXIR+i%)xL lad

Frazun ihi 4 Susedin 380 Thae agiifdladidue laead

%VD = (VD /380)x 100%
2. W51
VD = 2xIR+jX)XL lad

Tuseunusedis 220 Tad agld

% VD = (VD /220) X 100%
FvAne
VD = uswuen ulad
I = nszw Alvelwises Shueaus
R = ensdnwnueas 1wiih dulaviaines
X, = Suenusuduay 1elivh duleviniues
L = enwnemeas windh Fuwes

2.10.1 NISHIAITIEUANLAINISIHAITI
MANELITUAN IO M9 1 Fn 97 212 719 1502995 1-W Uazasas 3-
1 o [~ I a A 6 A [ 6 @ 6 (%} [~ 6 @ 6 A (%}
Tunmsazt asenusseuanitumiadhas veahulasifud ussduanitwlasdudidiauiy
USIEAIDITYUL 380 1ad “WSUn99T 3 Wl way 220 Thad wsuasas 1wl ueiinusasalni lalle
o oA % < \ o RS % % L@ f G 6 P
Fafinanaas i wnsomeussduaniduedadladte uazmndasmaeiiudlasFudfimaans

| o Aw
ALLINAUNGINIT



s:zg=rironvlud

: 3.1 52gzhgsendig 19luHAU e $19 aun uazunasin

A o v A | A v A v LA
NIGAEN 'lEﬂW‘Iﬂ’]@]@dNiSH&%NQ’]ﬂB?@W? JNg TN AT ) VLN%@Hﬂ’J'Wlﬂ’M%@sLH@ﬂTM

731 uay 32 (5’7050347m3§7um§@7@éf\77m7W1/V7 “sutlssnelne)

WRLRG WTUMTIA 3.1 Az 3.2

1. svashamamald wiuemaviie ene Henldfimadhllihgesnsmiarnau wmnd

° [~ £ 1% ° L% A ° I [ 1 ﬂ/til 17 ° a ¥ a [ ﬂll
ﬂ’ﬂ&lﬁl’lLﬂ%@]@ﬁL‘LI']\'Lﬂ‘]J'l’);Giﬂ‘]j’miaVlN']%sluﬁt83‘1/1’1\‘1@x‘iﬂa']’] @VIL‘U’]VL‘]_JW]L%HG’]%’Q%@]@GNﬂ'ﬁﬁaﬂﬂuw

ANE A

2. usae Wi it wenede wasewlniszdng e i oW - )

3. Fovas winih wiieshe o) lusmadeudu olwihassmslwite ¢l

wﬁjmmw,lﬁw‘iﬁmﬁmﬁu wimSandse = Service drop Conductor (SC)
wﬁ:mmw,m@i'w = Weather proof Conductor (AWC)

wﬁ:mmwm mﬂmﬁwﬁﬁ@ = Partially insulated Conductor (APC %38 PIC)
ey o 2 SulsifaRte = Spaced aerial Cable (ASC)
TNARIULSS IANATAGINGYY = Fully insulated Cable (AFC)

1eJdpe = Bare Conductor (BC)

4. wildudavasenms fe wilmensfiyaealkl 13nIndn mrashemavdaiagun "Nl

wlwihlgloenwdanan

5. wienwlezasems fia wive1esfiyaas 1WInEu mrasTemeraeinga "Nl

wlwihlgloenwsanan
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wsastulniheh o diaalsitioanhiimvueasialuil

2.

3.

unil 3 seeEviemalwih (: 83

o g a 1 v oy @y A | < v o A o
WIFTWLLAS 9ND 319 NITND INWITTWNYINNU FTHUSHNIDIWITUNY ']EIVLV\hNTYIiSWLI

ussdnlni (Alalaad)

SULUNS (LNAS)

396

2.40
12 2.40
24 3.00
69 3.30
115 3.90
230 5.30

uduriiafaasiudisn szazihenn olwih dasliteanifirmmesalus

ussdwlwih Rlaload)

STPLUNS (LNA3)

L6

3.00

12 ee 24 3.00
69 3.20
115 3.65
230 4.80

Y O a a o & | > I o | X Ay
HUAUIRAAAAILWNY TZELAIN WHVLW‘%W]QGVLNGHTYNWTHWH@G]BVL‘]J% I@amam‘wm

A A 1 G o v Vaa Lo A o P S S~ S VR ' a @
L‘WSJL@N?Wﬁ%ﬂuﬁ]%@laﬂ\lmmﬁjiﬂ% 39 QUUSYNNIILO R U ENEMLAWINIAAE

usedulwi \laload)

52T (LAS)

L396

1.25

12 e 24 1.25
69 3.00
115 3.00
230 3.00
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41 #2usem

(3 va a Gd'
anwme NUAYaIA? “NArTnay

ARAWSIGU (Voltage Rating) Luehusssulnihldnuaasin © mvuasfichi “wazing
i “uflFmiuusssiulndnd _sndendirimueanit eusssufimmaduamnndountmas aswas
usssulnihngzy  &u (ACrms) vBamusaduliihngzt @59 (DC)

ARANSTL  (Current Rating) faeinszi vhsaiosd lnaruiin Taeldinwdn 1y
s losmde v Wil aiuimue efimvueiidudnnadoonmds anssw dunie
3 939

MGIU ANSI way UL a1 “usssndiasihnaus 16 110% sesRiansu aalu
ﬁlﬂvﬂa'mammag’immmauﬁqmmﬁi@mau 18-32°C

Tuaaifin (Overload) WefsnslFuAuitazainszy 20977 * eiesandinasu
o A 1 % A XK Ao A 6 | a :d o o
Fonsaswmmzdlenlal_avin Aatlazancs 100% 9 500% vasienszl vasih  ehlnaeuiuid |y wiy

o o A ¢ ~ A | N S, = ¢ ¢

msldruiuedasnUnminede el ¢ Neanasummiamaiie wiunaz Senlamasvesaines
e i “alFemlranfinleasesanig

WA (Time Delay) vsnefisssusnadifl ‘nadindfitmue fa ‘enasnasgmandiu
T¥famusnasgn ANSI way UL Fermuadmnhanm 9 alii 10 3w denszu Inaefiuilen 5 wh

A A 6 A 9v. o A a ¢ @ v Y A o -

yosifianIzl 1097 © e ld miunssl Badunemes Wudu edanazimuaeify Time - Lag
A A€ P A Ao o o A 6o 4 A g Y A
Waszyin ‘asmnediniiennsze Inaefiufirvme wsuih v o T Geeilasdusnaspmivecidn

sTELIAINSNAANAZANY (Melting Time) Aa795eEIa NN SavaoNaraENaIanIn

A 6€a i aw a6 Xa o A A €
n3ss Wkl Anentionas 209 ¢ deannidndsresanieia avane
o ) ) @ Ao An €A A a 2
52RTAIGANsEl  (Clearing Time) \ugagnafisiuaniiih “Sufinsse mafinanianm

An € ¢ o v
AP REG HRSEIININAULLAT
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Operating Class (VDE-0636)

L. = Cable and Bus Bar (Line)

S = Switch Protection

R = Rectifier Protection (Semiconductor Protection)
M = Mining Installation (Motor)

Operating Class (IEC 269-1)

G = General Application
M = Motor Circuit

D = Time Delay

N = Non-time Delay

Function of Fuse (IEC & VDE)
Class g = General Fuse (Full Range)

Classa = Accompanied Fuse (Partial Range)
A208N9NTMUUATH NS

A anNwy gL 7NEi  General Line Protection

gM AN e General Motor Protection

: 4.2 W2 9iAnszw  (Current Limiting Fuse)

o o el . da a4 . da Y a My aw ad
Wndia 91 wnsnaanse. am\rﬁ‘wmmslmwiwmaamimamﬂfg@m@mm & 4067
WNINAARTAFANTZL §9993909Le5309T TNl ALlGaThe TINTRTANUNIEL AA995284

unanian ) 1w el uael g s
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43 W2 wse 0

2 °&and (Fuse Cutout) ¥30i38n Drop Fuse Cutout (il “fidadsldnuemanasi
il Usenaudnedaih “Mndnensudoseniin nsvuaniia ‘wasl “n ©

12 ¢ (Fuse Link) "% “Alfuafusfiovhonusy (Fast Link) Waadenh Type K uat
Y (Slow Link) vaaend1 Type T Undndlfnuasuato Type K dlansw iufh “azaneay
Foalaeml “h il wwwﬁﬂ%@]mmmgm EEI-NEMA @8 2@ 6, 8, 10, 12, 15, 20, 25, 30, 40,
50, 60, 80, 100, 140, 200 LaNUL e uiasameeaiiane lannane

Un@l " ‘masnasgin EELNEMA QuanafinTul Useannt 200% uet lums nudiosiishemns
APUNANTLL hasmnneLLlTeha %] @8 Preloading, Ambient Temperature W&y Predamage infay

o AP S oA > A Ao A
gLsﬁGn@ma@?J%’](ﬂﬂﬁgLL U5eau 0.75 GNUUIAY  29hnTgLlL WQLHQ\‘]‘IL@U?E'N’]M‘ILNLT]% 150% EﬂaﬂWﬂWﬂ’igu

; 44 WATAAWINNBTAINNIATF U TEC

IEC wiameiinwsninaians amnslfomoandu 2 ofia fesnasgm IEC 60898 uay IEC

60947-2 Taganan HM%TULSHE]%ﬁ@]Lmﬂma%mmmgm IEC 60947-2 (Appendix K) tHueiail

Ue Rated operational voltage
Voltage data Ui Rated insulation voltage

Uimp Rated impulse withstand voltage

In Rated operational current

Ith Conventional free air thermal current
Current data

Ithe Conventional enclosed thermal current

Tu Rated uninterrupted current

Iecm Rated short-circuit making capacity

Icu Rated ultimate short-circuit breaking capacity
Short-circuit data

Ics Rated service breaking capacity

Iew Rated short time withstand current

Ir Adjustable overload setting current

1.05 X Ir Conventional non-tripping current
Trip unit data 1.30 x Ir Conventional tripping current

I Instantaneous tripping setting current

Isd Short time tripping setting curent
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45 wseullasiunszy iuasfinvualunasgunsina
; el “wFudszmealne

qunstidiamauuaziedastiosiunsuy udasiinasgmuazans s litoandfirnmacil

1. @ “wazdaduda © ulieny wen. 506-2527 way wan. 507-2627

a_6do 13 A

2. Aedfivhaudeila Hullena uen. 824-2531

3. 3adlufie duluenu nen. 706-2530

4. qﬂnsm‘,ﬁ@muua:m%ae:’]aeﬁ'unizLL Wi Gioaflem Nﬁﬁmmmm@mﬁmﬂw%ﬂ aNSY
@ UL, BS, DIN, JIS L&y [EC

5. #3 “‘wazdi¥uda  (Fuse and Fuse Holder) frianszu 289 “daslsl sniwasiniuin ©

'
= a

vrand efiwany 8 fmatlestunienanidesmannien (Corrosion) Hasmnmsilavesheriiafiu
sehafin “Fushsuih © uasdpsiietaamanel asidausstulansz lidiuldachedaiau
6. @asHALWSNINGS (Circuit Breaker)

(1) dosduiunanldlesd s (Trip Free) wazdoslas “uldeeie faudinundns
Uan “azvhlngAsaufos

(2) Gosfiedomanau anthsfimauhaglusuwds “uniatan

@) Fuuwusudelddaadmuumetsudennszy vionm laelumelfaunsy
nldamediimihiniendas

(@) FosflilBamnel ATFAYBILTIEH N2l LAYANN 13D WMEEANTEL i
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8. 1A32960 W57 (Residual Current Device %38 RCD)
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1) L@%@Jﬁ@iﬂ%ﬁﬂ?iﬁmﬂ%u %aﬁﬁwwu@ (Rated Residual Operating Current, IAn)
Taifin 30 Aaduamuls wasitisssasalumadien (Break Time ¥ Operating Time) |3ifiv 0.04
Funf flanszu $afien 5 TAn (@19 ldeh 0.25 woNuSunueh 5 1An AlE) uaslivhasadlanszu Safien
0.5 IAn

2) whnsinlSidedusiafivan 1ol “widlinn “weenaimeasTiats eftnsa
(Neutral) eniui 1efimsatasuilalémlaanduuasiiussdurh s

, o | ¢ o d o a
(3) YNxGIaAIRRATONKIW (By Pass) gunsnidinaanuasiesastlosiungs fin

: 4.6 FBN1IHARILATDITDNAUNTZE $adAYl (LASDIARALNSY)
wu 0f i A0d

A ™ A ™ A

B 2 B 2

c S E— c S E—

e n B &
J_ LOAD J_ LOAD

Ground return sensing method Zero sequence sensing method

Wi 369
~ M
1

Z QW >

J__ —lﬂ LOAD

Residual sensing method
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5.2 SuAnAUSULAas UUDIINAT

1. svuysieludh

Zy = CXV,/(MVAg X 1000) Sahlovis
s A
Zy = oufuaudvassrnlndh Fuliadlevia
C = ehaet flen 11 “wivsuelidmdauwanduus s
10 "wiussuuheldmsaudaaduussh
Vo= uselwihdilnean @usee) ulad
MVAg, = ehnsel d0sas 9 avosszuulnih fubaidie

Qdfensznang 350 D9 500 1)

Undienenudumusaseswonuauduasssuuinihien usiuen  Tumsdmanagldeloy
Usvani ol
Xy = 0995 X Zy
Ry = 01XxXy
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: 5.3 N3zU 89T 3 W

o = V/(3x2Z) Alouasuls

o 2
A9 LK
o ! A 0w @ A I3
o = Nl desRsenTneduenmds ae aanes sl uilauauuls
o a a d | ¢
vV o= meéﬁmmyamawﬁauﬂamﬁﬂmﬂmm Hulad
Ze = R+ %

Ry WAy X Aaemunumusisuasdusniinsuaniauwitiaganasmioiiodniems

M ldmaemuIngz §02993
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usssuglniaan 400 Thad wia 416 Thad nediildmdiouasmmne wiaendafumms
snslannit IlFenmuass

3. el e R = px L/ A o A dofufivihsiezes e wl Tusaamn, “ud
oeflul Heatu wasen X, = 008 mQ AxeaA"u wL eidwluwe vdadu e
WA WAty 033 mQ/ANATA S wEy efidvluenme nediAsimeeu el
Fafmmtiauarimaasung 18 axdesmanfiuauduns 1o lunsariaeudth
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3 54 NIz AA937 1 W

MIMUINTEL 802937 1w WumImensel 809933219 8L W M 1efimsa
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FUe
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FuAlauauuds

Vo= usedudhunfonfivesdoutasdie iifllvaa Wiulad

Ze = R+ X

Ry = 2Ry+ 2R+ 2R, + Ry + Ry
Xy = 2Xy+ 2Xp + 2X + Xpg + Xi g
Ry, Xy = Buiueudassssuulnih

Ry, X, Rro, Xro Sufuauduamsaulaaluvh

a A 14 A o oA
Ry, X1, R X = adnNLaUaa9 1l (v3adiham)
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e A . p 9 4,
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6.1 nsilaviudunsrganlniinanuninsgiu IEC 364-4-41

msilasfiunts "l lawass (Protection against direct contact) AoM3tloarun1s “wil

udan@a e

mstlasnums "N Iﬂﬂi’)'a&l (Protection against indirect contact) Aamstlasiuainms

“wi udiung laistlnih

msilasnuduaae

Y

Y

Protection against
direct as well as
indirect contact

Protection against
direct contact

1

Protection against
indirect contact

Protection by extra low
voltage

Protection by insulation of
active parts

Protection by automatic
disconnection of the power

supply

Protection by covering or
encapsulating

Protective insulation
(Total insulation)

Protection by partitioning

Protection by
nonconductive spaces

Protection by distancing

Protection by nonearthed
local equipotential bonding

Protective isolation

loazunsuu asismstlasfusuameanlufhganusnasgin [EC 364-4-41
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Maximum disconnecting time for TN systems (IEC364-4-41)

Nominal voltage (volts)

Disconnecting time (seconds)

120 0.8
230 0.4
277 0.4
400 0.2
Over 400 0.1

6.2 w39AW HE (Touch Voltage) MHN1IATF U IEC 364-4-41

{ \ ] ¢ o o
ANMNMINONDINNUDINTE L \lWWWﬁ\tﬂﬂNW%ﬁNﬂWHN%‘HH H10I% IEC %Gﬂ’m%@l,lﬁﬂﬂu

“Wi Aoy wiidusnh lwihdiasan Faut B Teofwmanens “wiussernoussdnlwihuay

Fana i wl  1esaslaeiwees wrhdnslansaslaesa i@ Undiesasanmeasdasanisasmeln

A 5 Awfl Ausedis 50 lad wsulwihnsz  &U ey 120 had wsulwihnssn e

N W o1 09

0.8
0.6

0.4

0.2

0.1

0.06
0.04

0.01

Anticipated touch voltage

Mazx. permissible

disconnection time

-

10

20 30

50 80100 200300 500
V AC (rms) / DC

1000

AC DC
AC rms (V) DC (V) Second
¢hna 50 N 120 Lisia
50 120 5.0
\
75 140 1.0
\ 9 160 05
110 175 0.2
\ 150 200 0.1
\L [
\\ 220 250 0.05
280 310 0.03
380 400 0.02
\NAY
\\ 500 500 0.01
\
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6.3 N1IARAYALLUUAN o UauszuulHin
; (Type of System Earthing)

sy TEC 364-3 Idlmsdeastivansssunaeihenesndnws 2 ¢ waznagina i,
nAaENIEN 2 67 Wlaw AemsdaEesesiimdatudhilasti (Protective Conductor)

SnwaEIeN I AP “RErssrLe MR nsRu @il

T wanedy  deasdulnumss

I venefe  aufifliihiomseusnsen @uaw) NnFvvdaiimsdansiugaenlagdanis
BuuaUs

Snwaafl 89 1L AsANa siusRssRnes s lnihidalaeusn

T vanedy  deasfulnumss

N wanefle i ihdelaialaeeseiuqeiidenstiuzesssusenihdesnhilasiu
( 16w

o

lussuy TN-System avdl DEnwsBamiEe assiudafmuamadaEiees 1
SamSarudritlostu

C veneds  efimSauassarhilastusia lFauTanm ( edienti)

S weds  efmSauasenhileamvhanuuentiv

CS nedy  efvsauavsiiilasiuse [Fnuaatiwaniy iz i

L1

[ o
I
I
I
—_— I

v o A 1 1
Fidalas —>

msdaseasr|Fluih

5U# 6.1 MeviaAsdAUTTUY TT System
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® 1

® L2

L3

I% L 3 N
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- siilaldg —e-! :‘ o
nfaseaadlElwih
gsJ'?i 6.5 M561aAIAKILUL TN-CS System
: 6.4 m‘sﬁiaa\iﬁumaqmmg'mmiﬁﬂﬁﬂwqalwﬁﬁ WmFuuszmalng

6.4.1 n3svavARYRYIZUU NN
1. ssuylwthusseuane 50 laadue lids 1000 Toag daluitdasdansdin
(1) Wuswuu 3 W 4 1 & efva Neutral) s e wrilsrasisasdng nadh
Sl efinsadiv 1usoaddiv
@ Wustuu 3 w4 18 uazgennasvaan el witslidu 1ensasdne Tl W
a4 y y o o5, a
Peonnganonastiiin “usroasdiu
@) Wuswwu 3w 3 w4 1ul lefldsaasdin

@ Fuszuu 1w 2 e e 3 e 1F efmSadu weoasdin

\71% refimTasioadfin
. ' /

L
o 3 .

‘qa"‘ﬂﬁ 6.6 NMEGaAIANYasTEUY 3 W 4 (Leaan-218l)
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MARUSMTEN (Lightning Arrester) ¥38, 590815 1995 (Surge Arrester) 186l0a3AUYad
oul3 WaidasdaTniuEaduas 1uieidauss sluuns Faf uazdesuanaanaint dansfuaadung
A0t useashiuvesazs wasdeadn avesuasiNawn Frusssulsifoant 750 Taad S
MnGe lTaENT 16 615300, FAILUAMIUAR LTI (Voltage Class) Bitiound 1,000 1ad

Graauns Anfuse_sdaediansiu Toeld rosannduiinandl  wulesgguse Jeddas
sorndTUgune Aeddan  esarndemunsen Saeasehannit efierefietufiuse adiu
old remasunsfifimneiuivingalafioand 10 am.a. vidadinls o¥usesnnguaaidrhums
o oulwAasiiud AUTDIGUHS AATUTI TN Anfusaehdsuenaniiuuas ndnauuan

NNNUAIE

mseaasauzasszuvasnurin (Muaniin)

MseaasduzasiudniIkInstaae sfudawdas i

L e ooy da T oA L 5

mssonsduasudnihehidassindamlasinihisnfiasfindsfimaduuse  swamiiouas
TusoasRuTasTUinThrhdassiasinty udeasiuasidmtoulas  uazld il aaanusd
asanln 1wl esessduidasansennan Teseastuasszun WFhd s ( 1efimsa)

MseaastwasAUANIEINSTARGT 1etaLDalaa

Tuszny aiadaldfuuss seeiifantediossianiiu masaasiurasuinihaysasisiy

riasaasaiialdfn NoanussuntoNsnig eantushasanda ldauiainun e

; 6.5 mw?jﬁmﬂ'a'ml‘%l"mwmn'ﬁsiaaﬂﬁu

% =
6.5.1 AMHATUNIUUDINY
fAalan wlngjisenandieddn (Silica) wavargiw (Alumina) #aifuawinlwihis
o 1Y a X A @ o o da | > o A &
uananidadsenauiie 1sasmaindenaaNNTUELIUEINNG  MenNMuMUIINLIRIAUIS
A ‘SI ! XK 6 a a a 1 ¥ °
fenwdenlassnn sewhe 2 s 30,000 levia-lums grmgRaasiuazing eanadmmuduiny
a 4&' ¥ ¥ a ¥ 1 % ° a Aj A o v v [
gasinalenlifng ensdhumugasdumidaneenadmusimnzassfingedidhulmaesameiv
| > o P @ 15 € ¢ A A ¢ X a s o
ehenudunmusnzasiurmuadiualafis-was Tovis-ufines wislavia-ih @evumudoingg
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7.1.1 2993809
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2. TvaewaadnsulFauinly Aalwandnsuay 180 o visrdia Single, Duplex Wway Triplex
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7.1.3 19LHY
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1. hlmsafidnuldlummesnaeiaciombeliih sumned 7.4 wsumalaih
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2. flvanianld snhlvaslumms deedadmiauaslrithis
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WSU eeuReRn ane 1efmSarmuasienty 1etlan
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; 7.3 arTedayalAiaeuUSusniAuuaLEn

maefl 7.16 dayataFasiliuameauuuuen aw

(T 7;177%@7ﬂdwmﬁﬁ7wumYummjm)

usedulwih 220 Taad 1 W (1e3asulduainie was 5)

awia (@fe/dalag) el (uaNuls) maslwih (ad)
12,500 5.1 1,100
13,000 5.4 1,150
17,000 7.2 1,600
20,000 8.75 1,900
25,000 11.65 2,400
30,000 145 2,700
35,000 165 3,400
40,000 195 4,000

useduli 220 Taag 19 (1e3asulduameiialy)

awia (@e/dalag) sz (wasiuas) maslwih (Gad)
13,000 75 1,320
16,000 9.2 1,630
18,000 10.3 1,860
20,000 11.2 2,020
25,000 135 2,590
30,000 14 2,900
35,000 17 3,610
38,000 17.8 3,820

wnewg  ensz uasimdlihaamaed 7.16 dudindssaesasn)suamefisaeimlllu

¥
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@997 8.2 szuzvhe widumsiude elwluwwads

awa 1wl (@56 szaziuiiao 0 (1613)
aiifin 50 30
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150 - 185 18
240 15
300 12
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11.3 Maintenance Factor

a . [ 1 °_o (3 daV 1aw v a
19799 11.3 Maintenance Factor (bt 'lﬂiﬂﬂ‘«imﬂvLNN‘llaN“aﬂ'mN“Nﬁ(ﬂ)

Luminaire and

Recommended Lamp Lamp lumen Room room surface Total
illuminance |luminous flux|maintenance factor category dirt maintenance | maintenance factor
factor
Clean 0.9 0.8
100 h
00 hrs 0.9 Average 0.8 0.7
value
Service value Dirty 0.7 0.6
of illuminance Clean 0.9 0.9
2,000 hrs
1.0 Average 0.8 0.8
value
Dirty 0.7 0.7
Clean 0.85 07
Minimum value | 100 hrs
0.8 Average 0.75 0.6

of illuminance value

Dirty 06 05
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: 11.4 wieildeuluszuuluig v 319

Standard Units Symbols and Defining Equations for Photometric Quantities

metre

Symbolic
Quantity Symbol Defining Equation Unit .
Abbreviation
Luminous Energy Q Q = [Pdt lumen-hour Im.h
(Quantity of Light) lumen-second Im.s
Luminous Flux () ¢ = dO/dt lumen Im
Luminous Exitance M M = d®/dA lumen per square metre Im/m?
Tluminance E E = d®/dA lux Ix
Luminous Intensity I I = d®/dQ candela cd
(Candlepower) (Q = Solid angle through which
flux from point source is radiated)
Luminance L L = dI/dA cos © candela per square cd/m?
(® = Angle between line of sight| metre
and normal to surface considered)
Luminous Efficacy K K = ®,/0, lumen per watt Im/W
Luminous Efficiency v V = K/Kpax (percentage)
(Kpax = Maximum value of K (A)
function)
Scalar Iluminance Eqc By = [E/4ndw lux Ix
Light Exposure H H = dQ/dA lux-second Ix.s
Standard Units Symbols and Defining Equations for Radiometric Quantities
Symbolic
Quantity Symbol Defining Equation Unit .
Abbreviation
Radiant Energy Q joule J
kilowatt-hour kWh
Radiant Flux ¢ ¢ = dQ/dt watt W
joule persecond J/s
Radiant Exitance M M = d®/dA watt per square metre W/m?2
Irradiance E E = d®/dA watt per square metre W/m?2
Radiant Intensity I I = d®/dQ watt per steradian W/sr
(Q = Solid angle through which
flux from point source is radiated)
Radiance L L = dI/dA cos © watt per steradian and W/sr.m?
(® = Angle between line of sight| square metre
and normal to surface considered)
Absorptance a a = dd, /dd,* (numerical ratio)
Reflectance e e = dd/dd* (numerical ratio)
Transmittance T T = ddy/dd,* (numerical ratio)
Radiant Exposure H H = dQ/dA joule per square metre J/m?
watt-second per square Ws/m?

* @, = Absorbed flux,

@, = Reflected

flux, ®; = Transmitted flux,

@, = Incident flux
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11.6 Utilization Factors

P

(LL‘V?ﬁ'\‘i‘ﬁm: W1k "8 Interior lighting design, D.W. Durrant, F. lllum, E.S.)

Reflectance %

Description of Luminaire, Basic |Ceiling 70 50 30
: Typical Outline

and Typical Downward DLOR | ywanis | 50 | 30 | 10 | 50 | 30 | 10 | 50 | 30 | 10
Light Output Ratio % %

ig] utput Ratio % % Room

Index

(M) 85 0.6 04 03403 [0.39(0.33[0.29(0.37(0.32]0.29
Reflectorized 0.8 0.53(046(041(051(045[04 [049(0.43|04

1 0.62 ] 0.55]0.49] 0.58| 0.52|0.48 | 0.56 | 0.51 | 0.46
1.26 10.68|06 |0.55(0.64|0.58|0.53|0.61|0.56|0.51

colour-corrected

mercury lamp

Standard dispersive

industrial reflector

MBFR 1.6 0.72 0.65| 0.59 | 0.68| 0.62| 0.57 | 0.65| 0.59 | 0.54
2 0.81]0.73|0.67|0.75] 0.69| 0.64 | 0.69 | 0.65 | 0.61
2.5 0.85]0.78|0.72 1 0.79] 0.73| 0.69 | 0.73 | 0.68 | 0.65
3 0.9 |0.83|0.78(0.83]| 0.78|0.75 | 0.77| 0.73 | 0.7
4 0.9410.89|0.84|0.87{0.83[0.8 [0.8 [0.77]0.75
5 0.97]10.92|0.89(0.9 |0.87|0.84|0.83|0.79|0.77
(F) 75 0.6 0.360.31]0.28|0.35| 0.31]0.28|0.35| 0.31|0.28
Open-end enamel 0.8 0.45|04 |0.37(044| 04 |0.37(0.44|04 |0.37
trough 1 049(045|04 [049]044|04 |048[0.43|04
1.256 |0.55|049|046|0.53]|0.49|0.45(0.62|0.48|0.45
1.6 0.58|0.54|0.49| 0.57| 0.53|0.49 | 0.65| 0.52 | 0.49
2 0.64]0.59|0.65[0.61|0.58|0.656[0.6 |0.56|0.54
(F) 25 0.68]0.63|0.6 |0.65|0.62|0.59|0.64|0.61|0.58
Closed-end enamel 3 0.7 10.65|0.62|0.67| 0.64|0.61|0.65|0.63|0.61
trough 4 0.7310.7 |0.67]0.7 | 0.67|0.65|0.67|0.66 | 0.64
5 0.7510.72|0.69| 0.73| 0.7 | 0.67|0.7 | 0.68|0.67
(T) / \
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: 11.7 si’iaadawaam'lwﬂwﬁmiw y

(ua#1; Philips)

Lamp Type Supply Lamp Lamp Colour Colour |Luminous|Luminous| Beam Burning Life
Voltage | Wattage Base Tempera- [Rendering| Flux Intensity | Spread | Position Time
ture Ra Im cd Average
K
e STANDARD GLS LAMPS
GLS Clear 25W 220V 25W B22, E27 2700 100 230 - - UNIV {1000 HRS
GLS Clear 40W 220V 40W B22, E27 2700 100 430 - - UNIV  |1000 HRS
GLS Clear 60W 220V 60W B22, E27 2700 100 730 - - UNIV {1000 HRS
GLS Clear 100W 220V 100W | B22, E27 2700 100 1380 - - UNIV  |1000 HRS
GLS Frosted 25W 220V 25W E27 2700 100 230 - - UNIV {1000 HRS
GLS Frosted 40W 220V 40W E27 2700 100 430 - - UNIV {1000 HRS
GLS Frosted 60W 220V 60W E27 2700 100 730 - - UNIV  |1000 HRS
GLS Frosted 100W 220V 100W E27 2700 100 1380 - - UNIV  |1000 HRS
« ARGENTA SUPERLUX LAMPS
ASL 25W 220V 25W E27 2700 100 215 - - UNIV {1000 HRS
ASL 40W 220V 40W E27 2700 100 400 - - UNIV  |1000 HRS
ASL 60W 220V 60W E27 2700 100 670 - - UNIV {1000 HRS
ASL 100W 220V 100W E27 2700 100 1280 - - UNIV {1000 HRS
e DAYLIGHT BLUE LAMPS
DLB 40W 220V 40W E27 2700 100 200 - - UNIV  |1000 HRS
DLB 60W 220V 60W E27 2700 100 400 - - UNIV  |1000 HRS
DLB 100W 220V 100W E27 2700 100 700 - - UNIV {1000 HRS
e CANDLE LAMPS
Candle Clear 220V 25W E14 2700 100 215 - - UNIV {1000 HRS
Candle Clear 220V 40W E14 2700 100 415 - - UNIV  |1000 HRS
Candle Frosted 220V 25W E14 2700 100 215 - - UNIV  |1000 HRS
Candle Frosted 220V 25W E27 2700 100 205 - - UNIV  |1000 HRS
Candle Frosted 220V 40W E14 2700 100 415 - - UNIV {1000 HRS
Candle Frosted 220V 40W E27 2700 100 395 - - UNIV {1000 HRS
Candle Frosted 220V 40W B15 2700 100 415 - - UNIV  |1000 HRS
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