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Indian Standard

METHODS OF TEST FOR
DIRECT ARC FURNACES

0. FOREWORD

0.1 This Indian Standard was adopted by the
Bureau of Indian Standards on 23 December 1987,
after the draft finalized by the Industrial Electro-
heating Equipment Sectional Committee had been
approved by the Electrotechnical Division
Council.

0.2 This standard has been formulated with a
view to standardize the arc furnace test conditions
and methods to determine the main parameters
and technical operating characteristics.

0.3 These furnaces are intended for melting of
ferrous metals and non-ferrous metals. They
may also be used as holding furnaces for a liquid
charge to superheat and to maintain the tempera-
ture before tapping.

0.4 All the electrical terms exclude the influence
of equipment for reactive power compensation
and/or voltage stabilization. Should it not be
feasible to switch off such apparatus during test-
ing, the terms stated in the standard are applica-

ble in respect of the main electrical circuit ( see
2.16 ) only with due indication of simultaneous
operation of the apparatus. Figures resulting
from the influence of such apparatus and valid
for the supply network may be shown addition-
ally.

0.5 This standard does not cover all the possible
test methods which may be carried out for techni-
cal and economical assessment of arc furnaces.

0.6 In preparing this standard, assistance has been
derived from IEC publication 676 ( 1980 ) ‘Test
methods for direct arc furnaces’, issued by the
International Electrotechnical Commission (IEC).

0.7 In reporting the result of a test or analysis
made in accordance with this standard, if the
final value, observed or calculated, is to be
rounded off, it shall be done in accordance with
IS : 2-1960*,

*Rules for rounding off numerical values ( revised ).

1. SCOPE

1.1 This standard covers the service conditions
and design features of three-phase direct arc
melting furnaces for steel scrap of nominal capa-
cities between 2 tonnes and 50 tonnes.

2, TERMINOLOGY

2.0 For the purpose of this standard, the follow-
ing definitions in addition to those given in
1S: 1885 ( Part 51/Sec 1 )-1979* and IS: 12188-
1987+ shall apply.

2.1 Arc Furnace — Furnace in which a 3-phase
ac electric arc is the main source of heat.

2.2 Direct Arc Furnace — Arc furnace in which
the electiric arc is generated between the electro-
des and the charge.

2.3 Direct Arc Melting Furnace Installation —
Furnace assembly with complete set of electrical
equipment including furnace substation with
furnace transformer reactor ( where applicable ),
switchgear, automatic electrode regulator, furnace

*Electrotechincal vocabulary: Part 51
electroheating, Section 1 General terms.
{Specification for electric direct arc melting furnaces.

Industrial

control instrument panel/desk, signalling devices,
busbars, interconnecting cables, pneumatic, hy-
draulic and cooling water circuits, etc, but exclud-
ing the following:

a) Fume extraction equipment,
b) Ventilation equipment,

c) Power factor correction and reactor
power compensation equipment,

d) Harmonic filters, and

e) Other auxiliary operation equipment such
as charging buckets, ladles, slag pots, cool-
ing circulating system, compressor plant,
etc.

2.4 Furnace Body — Refractory lined shell with
refractory lined roof with openings for operating,
slagging off, tapping and top charging.

2.5 Rated Volume of the Furnace — Total internal
volume of the furnace body as defined by the
inner surface of the specified shell lining. (The
volume between the upper level of the shell and
the underside of the roof is not included in the

rated volume ).
L4
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2.6 Rated Capacity of Furnace — Calculated capa-

citv in tonnes of lianid metal for which the fur-
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nace has been de51gned, built and marked. This
capacity is defined with specified shell lining at
50 mm below sill level and considering the density
of liquid metal as 7 kg/dm?.

The volume beiween the sill level and the
liquid metal which is 50 mm below sill level is
allowed for the slag.

2.7 Minimum Bulk Density of Scrap for the Single
Complete Maximum Charge of the Furnace (t/m)
— Ratio of the furnace rated capacity to its rated
vmume

2.8 Furnace High-Voltage Switch — High-voltage
switch which is used for switching on and off the
furpace transformer under load in accordance

with the nppfﬂtinﬂ reguirements

Yiwxd waiv N R LI AL LA

2.9 Arc Fumace Transformer — The transformer
feeding the arc furnace {rom the high voltage
network and providing a voltage range suitable

for the furnace operation.

2.10 Rated Power for Furpace Transformer —
Maximum admissible continuous apparent power

AViGiAak 1231

( in KVA ) of furnace transformer ( without time
limitation ) at the specified voltage tappings.

2.11 Meltdown Power of Furnace Transformer —
Maximum admissible apparent power (in kVA)
as per load cycle.

re flirnaca
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installations with the object of ensuring the stabi-
lity of the electric arc and limiting the short
circuit current during the operation.

tha a
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2.12 Reactor — Reactor used in

2.13 Arc Electrode — Current carrying
column, in general, made up of graphite sections,
intended to supply power to the charge material
contained in the furnace body and to maintain
the electric arc.

Furnace

2.14 Electrode Clamp — A device for clamping
the electrode in a given position and for supply
of current to the electrode.

2.15 Heavy Current Line — Assembly of series
connected elements of the secondary circuit
comprising electrodes and secondary voltage
busbar system \ electrode ciamps, busbar sysiein
of electrode arms, flexible cables and transformer
secondary busbar connection ) intended to carry
the required electrical power from the transformer
to the charge material contained in the furnace
body.

2.16 Main Electrical Circuit of Arc Furnace
Installation — The part of the arc furnace instal-
lation which include the high-voltage equipment

(IUdLLUl w'ucu uqu ) u.uuau: tld.[lblUllJlUl ucavy
current line, arc and charge,

2.17 Assymmetry Factor on Primary Side (Per-
cent) — Percentage ratio of the difference

between the maximum and the minimum phase
impedance including the furnace transformer and

the heavy current lme to the mean impedance of
all the phases:

Zmax - Zmin

Kas = X 100 percent (1)

£Lmean

where
Zmax = Mmaximum phase impedance,
Zmpin = minimum phase impedance, and

Zmean = Arithmetic mean value of all the
phase imnedanceq

he calculated assymmetry factor is deter-

o d ed st mnn Arrdstasd  AAssanty ino tn

iipiil t the furnace current corresponding to
the rated power of the furnace transformer.

€
£
1

Measurement of the actval asymmetry factor
should be carried out according to the data of the

short-circuit test when the currents are close to

rated secondary current ( see 2.10).

AN smzine saaridranl oorsaanmt lhatoran
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manufacturer and the user, a detailed measure of the
assymmetry factor can be developed by usmg the com-
ponents \ R, X) of the uupcuauu: \ Z) In case

furnace manufacturer provides this data, it is not
necessary to make these measurements.

Kas—r = Rm’i’%‘ﬁgl‘—" x 100 percent  (1A)
Kas—x = X”“‘": Xoin . 100 percent  (1B)
Am
where

Rumax = maximum phase resistance,

Rumin = minimum phase/resistance,

= arithmetic mean value of all the
phase resistances,

Xmax = maximum phase reactance,
Xpin = minimum phase reactance, and

Xm = arithmetic mean value of all the
phase reactances.

2.18 Active Power of Furnace Installation (kW) —
Total active power of the three phases of the
main electrical circuit of the arc furnace instaiia-
tion,

NoTE 1 — Instantaneous value of active power of
the furnace may be measured at any moment, simul-
taneously on the three phases.

NoTE 2 — Mean value of active power of the furnace
within a definite time interval, for example, w1th1n the
melt OOWn pCI‘IOG, may be omameu as a resuu OI
division of consumed electrical energy measured in
kWh by the duration of the time it is switched on,
measured in hours.

2.19 Specific Electrical Energy Consumptlon for

Melt-Down ( KWh/t ) — Quantity of electrical

energy measured in kWh, consumed by the main
*



electrical circuit of an arc furnace installation for
the complete melting of one tonne of liquid metal
from a specified furnace charge.

No1E 1 — For the end of melt-down period, see 2.21.

NotE 2 — The energy consumed by the furnace ins-
tallation does nct include power factor correction
capacitor and other auxiliary equipment including
those given in 2.3.

2.20 Specific Melt-Down Rate (t/h) — Total
quantity of liquid meta! measured in tonnes, divi-
ded by net melt-down time measured in hours.

2.21 Melt-Down Time — Melt-down timé is a
period elapsed from the moment of switching on
after the first charging to the moment of complete
melt-down of the charge, with subtraction of the
time lost for the switch off duration arising out of
one additional back charge and emergency dis-
connection due to charge collapse or any other
operational interruption.

NoTE — The end of melt-down period to be reckon.
ed when no unmelted piece of scrap exists within the
molten bath having a temperature of 1 520°C for mild
steel when measured with a dip type thermocouple
near the slag door. No consideration is given for the
charge scrap hanging on the banks in unmelted stage.

2.22 Power Factor of Main Electrical Circuit of
Arc Furnace Installation ( cos ¢ ) — The approxi-
mate value of the power factor is determined
from the following formula:

cos ¢ = ———;Ij__
v P2+ QF
where
P = active power, and
Q = reactive power.

Note 1 — Because of the possible presence of har-
monics, the measurement of the power factor is not
necessarily correct.

NoTE 2 — The instantaneous value of the furnace
installation power factor may be obtained by simul-
taneously measuring the active and reactive power at
any moment.

NoT1E 3 — The value of the furnace installation
power factor over a definite period of time, for exam-
ple, during the melt-down period, may be obtained
from the following formula:
cos¢ = —_EP—
4 Ep* + Eg

where

Ep = active electrical energy measured for a definite

period of time, and

Eq = reactive electrical energy measured for the
same period of time.

2.23 Cooling Water Consumption ( m3h) — The
total cooling water consumption is usually sub-
divided as follows:
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a) Consumption for the furnace proper in-
cluding secondary voltage busbar systems;
and

b) Consumption to cool the furnace trans-
former.

2.24 Operational Short Circuit — Electrical con-
tact of one, two or three live electrodes with solid
or liquid charge.

2.25 Cold State of Arc Furnace Installation —
State of furnace and its installation when the
temperature of all its parts equals the ambient
temperature.

2.26 Hot State of Furnace — Thermal state of
furnace defined after 48 hours of normal and con-
tinuous operation.

3. GENERAL CONDITIONS FOR
PERFORMANCE OF TESTS

3.1 The general conditions for performance of the
tests shall be in accordance with IS : 9021-1978*,

3.2 The furnace shall be prepared for tests and
put into operation at the purchaser’s site in accor-
dance with the service instructions and the re-
quirements for its safe working.

3.3 The mains supplying the furnace installation
during tests shall ensure a symmetry of voltages
between the separate phases.

3.4 The mains supply voltage level at the trans-
former primary should be within 1. 5 percent.
Voltage levels outside these limits may be admit-
ted in the tests by agreement between the manu-
facturer and the user. In any case, the test
results shall be converted to the reference rated
voltage value.

4, TESTS

4.1 The tests are recommended to be carried out
in two categories:

a) Routine tests, and
b) Type tests.
4.1.1 Routine Tests

a) Measurement of electrical insulation of
the heavy current line ( 4.2 ),

b) Measurement of cooling water consump-
tion (4.3),

c) Checl)< of the rated capacity of the furnace
(4.5),

d) Specific electrical energy consumption
during melt-down period ( 4.8.2.1.),

€) Specific melt-down rate ( 4.8.2.2),

*General test conditions for industrial electro-heating
equipment.
]
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f) Approximate power factor ( 4.8.2.3), and
g) Net melt-down time ( 4.8.2.4 ).

4.1.2 Type Tests/Special Tests

a) Determination of the electrode motion
regulation system characteristics ( 4.4 ),

b) Short circuit test during normal operation
(4.6),

¢) Determination of the assymmetry factor
on primary side (4.7 ), and

d) Determination of the mains operating
characteristic during the melt-down period
(4.8).

Note 1 — Normally, only routine tests are recom-
mended to be carried out on every installed or re-
constructed furnace.

Note 2 — The type tests may not be carried out if
the corresponding data are given in the technical docu-
mentation of arc furnace. Subject to prior mutual
agreement, these tests can be carried out.

4.2 Measurement of Electrical Insulation of Heavy
Current Line — Two tests shall be carried out on
the de-energized furnace with the electrodes com-
pletely mounted and passing through port holes
in the roof of an empty furnace in the following
order:

a) In the cold state, on complete furnace
installation without water; and

b) In the hot state, on complete furnace
installation with water.

4.2.1 Measurement of Electrical Insulation Resis-
tance of Heavy Current Line of the Furnace in Cold
State — The test of the furnace in the cold state
shall be carried out by means of a | 000 V dc
megohmmeter:

a) In the test on the furnace installation
without flexible cables, the measurement
of the insulation resistance value shall be
carried out separately between each phase
and the earthed steel structure of the
furnace.

b) In the test on the furnace installation
without flexible cables, the measurement
of the insulation resistance shall be carri-
ed out between all the three electrically
connected phases and the earthed metal
body of the furnace. Before this test is
carried out, any protective devices con-
nected to earth such as electrostatic earth-
ing device should be disconnected.

4.3 Measurement of Cooling Water Consumption —
The purpose of this test is to check the cooling
water consumption as foreseen by the manufac-
turer during the normal operation.

The test shall be carried out when the furnace
is in the hot state (see 2.26) during the

melt-down period. The pressure, temperature and
properties of the cooling water shall correspond to
the requirements given in the technical documen-
tation by the furnace manufacturer. The tem-
perature of outlet water should be measured
every 15 minutes by means of a thermometer
scaled from 0 to 100°C.

The cooling water consumption is deter-
mined from the formula:

0 = _th_ms/;,

where
Om = quantity of water measured (m?®), and

t == period of time during which the quan-
tity of water flows through a separate
cooling branch (%).

Prior to the test, it is desirable to determine
the cooling water properties ( hardness, quantity
of suspended particles, etc) and compare them
with the manufacturer’s recommendations.

4.4 Determination of Electrode Motion Regulating
System Characteristics

4.4.1 Measurement of Speed of FElectrode
Motion — The measurement shall be made with
manual control of the driving power for move-
ment of the electrode in two directions. The
measurement of the speed of motion is carried
out separately on each electrode and then on all
the three together by .means of a stop-watch,
noting the distance covered by the electrode arm
relative to its fixed support.

4.5 Check of the Rated Capacity of the Furnace —
The furnace, lined according to the manufac-
turer’s requirements, shall be charged with scrap
the quality of which is agreed between the manu-
facturer and the user. The quantity of the scrap
charged shall be such as to obtain a quantity of
the liquid metal equal to the rated capacity. The
charge shall be melted, refined and slagged off
according to a procedure agreed between the
manufacturer and the user. The volume of slag
shall conform with the required (see 2.6). The
total quantity of liquid metal which is tapped
when completely emptying the furnace, should
not be less than the rated capacity of the furnace.

4.6 Carrying out Short-circuit Test During Normal
Operation — This test can be carried out subject
to prior agreement between the supplier and the
purchaser. However, it will not be mandatory on
the furnace manufacturer to demonstrate this.

4.6.1 General — To obtain the values of the
resistance, reactance and assymmetry factor of the
heavy current line and of the arc furnace installa-
tion, the measurements are performed on the
primary side of the transformer and the results
converted, to give the required va!ues.



4.6.2 Determination of Resistance and Reactance
of the Heavy Current Line

4.6.2.1 Measuring conditions — The measure-
ments shall be made during a three-phase short-
circuit during normal operation under sinusoidal
voltage at the primary side not influenced by
other furnaces. The furnace currents, voltages
and power losses shall be determined after melt-
down and/or after superheating. The test circuit
shall be as shown in Fig. 1.

Note 1 — The current circuit of meters and the
equipment/apparatus connected to the current trans-
formers, in the circuits of which are also inserted
meters used for the short-circuit test, can be shunted
before the test when the load of the current transfor-
mers is exceeded. During the test, the clamps of all
the three furnace electrodes shall be placed at the
same height, preferably as low as possible. The
measuring instruments used may not be lower than

A

+-

B C
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Class 0'5 ( wattmeters must be calibrated at low power
factor).

NoteE2 — In the case of out-of-balance ( value
kas > 10 percent ), the individual values of the three
phases are only applicable for determining the appro-
ximate average value of the three phases for each.
Test condition for determining the individual approxi-
mate values of each phase including the case of out
of balance ( value kes > 10 percent ), are under con-
sideration.

4.6.2.2 Test procedure — Before the test, the
arc furnace transformer shall be switched on a
suitably low tapping and the reactor inserted to
ensure that the furnace current under the three-
phase operational short-circuit conditions will be
as close as possible to the rated secondary current
of the furnace. The electrodes shall then be
lowered to dip their ends into the liquid metal to
a depth allowing for a complete short-circuit

2o |

FiGc. 1

5

A, B, C = symbols for 3 diffe-

rent phases

Va, VB, Vc = voltmeter or voltage
recorder for U,a,
UIB’ U;C

ammeter or current-
recorder for I,A, I;B,
I,C

= wattmeter or active

power-recorder for

Pia, PyB, Pic

= ratio of primary to
secondary voltages
for the tap on which
the test was per-
formed

Aa, As, Ac

Wa, Wa, Wc¢

kr

WIRING DIAGRAM FOR MEASUREMENT OF THE REACTANCE OF THE HEAVY CURRENT LINE

.



IS : 12306 - 1987

( usually to half or to two-thirds of electrode
diameter ). and fixed.

The measuring instruments shall be read
after the swings of the needles have steadied
down,

The tests shall be carried out at least twice.
For every test, the resistance and the reactance of
each phase of the arc furnace installation is
derived from the following formulae:

Measurement on primary side: I, Iis, Iic
U1A5 UlBs UlC: P]A’ PlB, P10

Calculations of primary values:

_ P _ Pm po_ P
RIA = I1A s RJ.B = I1B RJ.C“' Iic
. UléA. __ U]B . _ Ulc
ZIA h IlA ’ ZlB - Iz ’ZIO— 110
_'”'Uf 9
Xwa = ( ]lA ) —'RZIA]*;
L. 1A
2
o =[]
L. 1B
' B UIC 8 B
= 18 ) R 2
Xio L.( IJC ) 10_‘
Furnace transformer voltage ratio:
j—, Ul
Rr = s
PCUT

RzTA =~ R2TB ~ RzTC -~ Rz'rm = W

ora = Xorp =~ Xare Xatm

Uzzfr X Uk wm\> 2 %
\/ T100 x St ) _R”‘“]
Heavy current line ( secondary voltage ):

R
l/?a’r — RZ Tm

RA’Z

1
Rpg =~ Y Rz'rm

1c
Re = el Rorm

XA -~ sz —_ Xsz
X,

XB ~ k;: T~ A3Tm
X,

Xe = k].’?[' Xsz

ZA='\/R2A+X2A ZB:'\/R23+XZB

= VR + X%

where

Iia, Its,
Ic

UlAy U}Bs

Use

P]A’ PlBs

1C

RIA’ R]_B:

1C

X]A’ XIB’
ch

Z1Aa Z)B,

Zso

Ky

PCUT

Ipn

Uszr

Uxr

Rara, Ryrs,
Rare

Rsz

Xzra, X7,
Xaro

Xarm

= currents measured on primary
side by the ammeters A, 4s,
and Ac¢ during the test;

= phase-voltages measured on pri-
mary side by the voltmeters V3,
Vg and V¢ during the test;

= phase-powers measursd on pri-
mary side by the wattmeters Wa,
Wp and W during the test;

= phase-resistance of main elec-
trical circuit of the arc-furnace
installation on primary side dur-
ing the test;

= phase-reactance of main electri-
cal circuit of the arc-furnace
installation on primary side dur-
ing the test;

= phase-impedance of main elec-
trical circuit of the arc furnace
installation on primary side dur-
ing the test;

= voltage ratio of transformer for
the tap on which the test was
performed;

= transformer load losses for the
tap on which the test was per-
formed;

= rated secondary transformer
current for the tap on which the
test was performed;

= rated secondary transformer vol-
tage for the tap on which the
test was performed;

= rated apparent power of trans-
former for the tap on which the
test was performed;

= rated percentage impedance vol-
tage of transformer for the tap
on which the test was per-
formed;

= secondary phase-resistances of
transformer for the tap on
which the test was performed;

= mean secondary phase-resistance
of transformer for the tap on
which the test was performed;

= secondary phase-reactances of
transformer for the tap on which
the test was performed;

== mean secondary phase-reactance
of transformer for the tap on
which the test was performed;



" Ras, Rp, Re = phase resistances of the heavy-

current line; :

Xa, Xp, X¢ = phase—reactances of the heavy-
current line; and

Za, Zg, Zc = phase impedances of the heavy
current line.

NoTtE 1 — The data concerning the arc furnace trans-
former may include the reactor if it is used. Special
care should be taken if the reactor saturates during the
test.

NoTE 2 — Account should be taken of different
values of transformer reactance on each tap in calcula-
tion of characteristics for taps other than those used in
the short-circuit test.

The adopted phase-resistance ( reactance)
of the heavy current line of the arc furnace instal-
lation is the arithmetic mean of resistances
( reactances ) determined during two or more
tests.

4.7 Determination of Assymmetry Factor on Pri-
mary Side — The assymmetry factor shall be cal-
culated on the basis of value of phase impedances
Zia, Z; and Z,¢ from formula ( 1).

Not1e — With mutual agreement between the manu-
facturer and the user, detailed information may be
developed by using formulae (1A ) and (1B ).

The arithmetic mean value of the assymmetry
factor from two or more measurements shall be
adopted as the test results.

Formula (1) gives a practical result for
furnaces with an out-of-balance where Kas < 10
percent. The test will show the assymmetry of
the design.

NoTe — The conditions for determining the assym-
metry factor including the case of out-of-balance,
Kas > 10 percent are under consideration.

4.8 Determination of Main Operating Characteris-
tics During the Melt-down Period

4.8.1 General — Measurement of the operating
characteristics are as follows:

a) Specific electrical energy consumption,
b) Specific melt-down rate,

¢) Power factor during melt-down period
( see Note 3 under 2,22 ), and

d) Net melt-down time.

4.8.2 Test Conditions — The tests shall be carried
out during five successive test melts with normal
melting conditions. The bulk density of scrap
shall be the subject of agreement between the
manufacturer and the user. For each test melt,
the following values shall be determined:

4.8.2.1 Specific electrical energy consumption
during the melt-down period shall be derived as
the ratio of the active electrical energy consump-
tion to the weight of liquid metal:
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ep = _Eoe — Epo kWh/t
G
where

E,: = reading of the active energy meter at
the end of the melt-down period,
kWh;

Ey, = reading of the active energy meter at
the begining of the melt-down period,
kWh; and

G = mass of liquid metal, t.

Note — The end of melt-down period shall be
reckoned when no melted piece of scrap exists within
the molten bath. However, no consideration shall be
given to the charge handing on the banks.

4.8.2.2 Specific melt-down rate during the
melt-down period shall be derived as follows:

G

m

P = t/h

where
tm = duration of melting down period, h.

Note — The measurement of electric energy con-
sumption for melting the scrap is to be stopped when
no unmelted piece of scrap exist within the bath.

4.8.2.3 Power factor mean value of the melt-
down period shall be derived from the following
expression:

Cos¥Wrm —p . L2t— Ero .
vV (Ept — Evo )® + (Eqt — Eqo )?

where
Eq: = reading of the reactive energy meter

after the melt-down period, kVarh;
and

Eq, = reading of the reactive energy meter
at the beginning of the melt-down
period, kVarh.

The measurement of active and reactive elec-
trical energies shall be made by means of a sui-
table and verified three-phases meter installed on
the transformer primary.

4.8.2.4 Net melt-down time ( Tm ) shall be
measured by means of a timer according to the
definition ( see 2.21 ).

4.8.3 Test Results — From the five values of
each of the operating characteristics during the
melt-down period, obtained from measurements
taken from the five test melts, the following arith-
metic mean values shall be calculated.

€p » Pm, COS¥m, Ty

4.9 Measurewent of Specific Electrode Wear —
The measurement of the specific electrode
wear may be carried out by the furnacg user to
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determine the specific electrode consumption.
However, this will not be mandatory on the
furnace manufacturer to demonstrate this, as
this is a process dependent function.

The electrode wear G is determined by the
mass (kg) of electrode consumed during the five
test melts ( total heats, tap to tap ) deducting the
weight of the unuseable electrode sections which
may have broken during the tests.

The specific electrode wear g, is determined
as the quotient Go; of electrode wear (breakages
excluded ) expressed in kilograms and the total
mass of liquid metal G expressed in tonnes,

_ Gel
gei = G kg/t

Note — If the specific electrode wear gei is to be re-
ferred to the quantity of the charged scrap, this shall be
agreed between the manufacturer and the user.
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BOMBAY 400093
Branch Offices:
‘Pushpak’, Nurmohamed Shaikh Marg, Khanpur, 2 63 48
AHMADABAD 380001 26349
Peenya Industrial Area, 1st Stage, Bangalore 38 49 55
Tumkur Road, BANGALORE 560058 38 49 56
Gangotri Complex. 5th Floor, Bhadbhada Road, T. T. Nagar, 667 16
BHOPAL 462003
Plot No. 82/83, Lewis Road, BHUBANESHWAR 751002 5 36 27
53/5, Ward No. 29, R. G. Barua Road, —
5th Bylane, GUWAHATI 781003
5-8-56C, L. N. Gupta Marg (Nampally Station Road), 231083
HYDERABAD 500001
R14 Yudhister Marg, C Scheme, JAIPUR 302005 634 71
6 98 32
117/418B Sarvodaya Nagar, KANPUR 208005 21 68 76
2182 92
Patliputra Industrial Estate, PATNA 800013 6 23 05
Hantex Bldg ( 2nd Floor ), Rly Station Road, 6 21 04
TRIVANDRUM 695001 62117
Inspection Offices ( With Sale Point ):
Pushpanjali, 205-A West High Court Road, 251 71
Bharampeth Extension, NAGPUR 440010
Institution of Engineers ( India ) Building, 1332 Shivaji Nagar, 524 35
PUNE 411005
*Sales Office in Calcutta is at 5 Chowringhee Approach, P. O, Princep Street, 27 68 00
Calcutra 700072
tSales Office in Bombay is at Novelty Chambers, Grant Road, 89 65 28
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