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ﬁ
DE-ION CURRENT-LIMITING POWER<FUSE—TYPE BAL WESTINGHOUSE
prevents short circuit currents from réaching their SPECIAL FEATURES
maximum value and thereby provides‘greater pro-
tective capacity for both the connected apparatus EASY IDENTIFICATION OF BLOWN FUSE. On fuses
and the feeder system. The Type BAL fuse should rated 2500 volts and above, a metallic disc pro-
be applied wherever it is necessary to limit short- jecting below the ferrule gives ready indication
circuit current on high-capacity systems or to con- that the fuse has operated.
trol voltage during intexruption to protect appara- COMPLETE HOOKSTICK OPERATION. An ordinary
tus insulation: 2 hookstick serves for inserting, removing, and op-
. ting the di ting t fuse. N ial
® On potential ttansformers Z:i:::ls :ee;s:;nnec ing ftype fuse. No specia
® For small loads on high-capacity circuits
. SINGLE TUBE ELEMENT COVERS ALL RATINGS.
e On hlgh'VO]'tage motor starters 3 Even the 200E rating is contained in a single
The Type BAL faise also controls the surge voltage tube.
which is produced when the short-circuit current EASY REPLACEMENT OF FUSE FITTINGS To re-
is limited. This surge voltage results from the sys- 4 place a blown fuse, the fittings are simply re-
tem’s released magnetic energy and is limited by moved from the fuse tube and clamped on a new
the fuse to less than 160 percent of the peak system fuse unit.
voltage. 5 FUSE IS ENCLOSED. There is no flame discharge

— POTENTIAL TRANSFORMER PROTECTION is an impor- when the fuse operates.

o« tant use for current-limiting fuses. A complete line QUIET OPERATION. Unit is enclosed for silent op-
of Type BAL current-limiting potential transformer B eration. Builtin condenser coudenses steam
tuses of l4E-ampere rating is available from 2500 evolved from boric acid during interruption of
to 23.000 volts fault currents.

. .

NOVEMBER, 1956




contact ferrule

— fiber washers

slotted fiber rod

curreht-liﬁﬁﬂhé -

element

- sand

icarta fube

main clean-up
fuse element

compressed

boric acid

shunt

ohie

wire mesh
condenser

contact ferrule

indicator

THE CURRENT-LIMITING ELEMENT consists 6f a
number of silver wires placed in_slots in a fibre
rod. In the fuse this assembly is surfounded by
sand, on which the silver vapor ‘éondenses when
a high fault current causes thelsilverto melt.

THE MAIN FUSE OR CLEANAUP ELEMENT, which
serves as the final intérrupter of any fault current
which blows the fuse, is‘@onnected in series with
the current-limitinglelement. The fusible element
itselt is of theglow-temperature type and is de-
signed to give the ‘desired time-current charac-
teristics. This‘element is spring operated to in-
sure positivelseparation of the fuse element on
low fault gurrent operations. This main fuse
element operates in a small hole in solid com-
pressedboric acid. Boric acid as an interrupting
medium in fuses has an excellent record—for
operation on both low and high-current faults.

‘Cross sectioidrawing showing component parts of a Type BALfuse unit

FUSE REPLACEMENT
SPARE UNITS

For installations of less than 12 Type BAL fuses,
it is recommended that 100 percent spares be
kept on hand so that replacement can be made
with minimum delay. For larger quantities (of the
same rating) the percentage of spares may be
decreased as the number installed is increased.

4

The current-limiting element and series dean-up fuse
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METALLIC DISC projects below ferrule to indicate
that fuse has operated.

SINGLE TUBE ELEMENT covers all ratings, incliding
the 200E rated fuse.

HOOKSTICK serves for inserting, removinggiland
operating the disconnecting type fuse.

FUSE FITTINGS are easily removed from blown fuse,
and clamped on a new fuse tube.

THREE-FOLD
PROTECTION FOR
POWER SYSTEMS

The Type BAL fuse is particularly
adapted for connecting apparatus close
to the generating source. For example,
if a fault should occur in a potential
transformer protected by BAL current-
limiting, fuses, three-fold protection is
provided, because the fuse:

1 (INTERRUPTS CURRENT. Whether the
fault is of high or low magnitude, cir-
cuit interruption is positive. Main fuse
element provides desired time-current
characteristics . . . spring operation in-
sures positive separation of fuse ele-
ments even on low fault currents.

2 LIMITS FAULT CURRENT. The current-
limiting feature of Type BAL fuse units
limits the short-circuit current to a
value which can be safely handled by
the interrupting element of the fuse.
This permits application of Type BAL
fuses on systems having high short-
circuit capacities where the lower in-
terrupting capacity of non-current-
limiting fuses would be inadequate.
This also limits the magnitude of elec-
tromechanical stresses in the bus struc-
ture and cables.

3 LIMITS SURGE VOLTAGES. High surge
voltages, incident to current limitation,
are controlled by the voltage-limiting
characteristics to a value which is safe
for the system's insulation.

Pages 4 and 5 show how,
Type BAL fuse operates.

Complete fuse enclosure
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TWO-WAY FUSE OPERATION

THE MAGNITUDE OF FAULT CURRENT" determines which
of two ways the fuse operdtes. Qn low magnitude fault
currents, the series fuse operatés in the same manner as
in the standard boric acid power fuse. The blast of
steam from the boric acid de-ionizes and extinguishes
the arc, while the copper screen condenses the steam
to water. Duting this process the current-limiting ele-
ments do not melt and play no part in the interruption.

On heawy short-circuit currents, the currentlimiting
element of the fuse melts in a small fraction of a cycle.
Theyfusion of the current-limiting elements in their re-
stricted fibre slots generates a relatively high-arc volt-
agenwhich prevents further rise in the fault current.
Almost simultaneous with this action, the series fuse ele-
ment melts and clears the fault current.
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For small loads on high-capacity ¢
On high-voltage motor starters

On potential trans-
formers

PERFORMANCE
{INTERRURTING 2
viificE iR il
RATING
RATINGt AMPERES 100,000 A
wnl
2
600 2E to SE 1007000
2,500 Y4E to 200E 60,000 & 50,000 n:qd
5,000 Y>E to 200E 60,000 E '« gl
Ay e 2g S
15,000 L or H YoE to 3 [ O,
13E to 100E 50,000 @ w 30,000 7 L]
23,000 LE 70,000 9.1 = 20.000 1&0 */
X ]
£ : QOV/ QAT | —
@ Basic Impulse Insulation Levels. 5 > / 20 1 /J"[ﬂ
22 10,000 .V !
T CAUTION—Select fuSe,unit of nedrest voltage rating above - Z ! 7/
z s / A 50 e —"" |
the line-to-line voltage."Do not over insulate with higher Wz 7,000 / | ool
voltage rating fuse unit, as‘@vervoltages may occur during g 5 1 %l
. . oY 5,000 <1+
interruption. r4 o
T I
S 3,000 il
* Current ratings of BAL4fuses are based on the NEMA “E" o ’ Z'
=
power fuse current rating standard. These requirements 2000 %'
specify th@t, fusible elements rated 100 amperes or below ! / &‘|
shall melt in)300°'seconds at an rms current within the range E'
of 2004ito 240.%\of the continuous current rating of the fuse 1.000 —t
units. ‘Busible elements rated above 100 amperes shall melt 1,000 3,000 7,000 20,000 50,000
in 600%8econds at an rms current within the range of 220 to R.M.S. AMPERES

AVAILABLE INITIAL ASYMMETRICAL CURRENT
Current-limiting characteristic curves showing maximum fault current
" . . permitted by current-limiting element for all values of available
1 First /4 cycle rms including d-c component. short-circuit currents

264 % of the continuous rating of the fuse units.
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PTING RATINGS

FUSE RATING ' INTERRUPTING RATING AT SYSTEM VOLTAGE
FUSE VOLTAGE 2400 VOLTS 4160 VOLTS 6900 VOLTS 13,800° VOLTS 22,000 VOLTS
RATING CURRENT FREQUENCY
RATING RATING
AMP.* KVAL AMP.* KVA.L AMP.* KVA'L AMP* KVAY AMP.* KVA.1
{ .5E 25-60 60,000 186,000 | ....... oo i i A e e
2,500 15E to 200E 50-60 60,000 186,000 | ....... | .o oo oo i e v AT e e
5,000 { .SE to 10E 25-60 156,000 60,000 270,000 | ... oS e e e e
15E to 200E 50-60 60,000 270,000 ... s e e e e
7,500 .5E to SE 2860 ... ool ot 80,000 600,000 | ... ... oo e
15E to 100E 8060  [....... ..o i 80,000 6000000 . ... | .o e
15,000 { .SE to 10E 25-60 [0 oo oo e ool N 130,000 (1,940,000
LorH 10E to 100E 80-60  |....... | oo e e T e L 50,000 750,000
23,000 .SE 2560 | e e e PR e 70,000 [1,650,000

* Asymmetrical rms current (1.6 x symmetrical) at system voltage.

} Symmetrical 3-phase kva equivalent at system voltage, based on initial rms symrietrical amperes.
t CAUTION—Select fuse unit of nearest voltage rating above the line-to:line voltage.:Do not over insulate with higher voltage rating fuse

unit, as overvoltages may occur during interruption.

TYPE BAL FUSE INTERRUPTING RATINGS...

Are Based on Short-CircuitiCurrent, Including Transient D-c Component

The BAL fuse is an inherently fast circuit-interrupting /evice.
This must be taken into account when determiningjthe reguired

short-circuit interrupting rating.

The BAL fuse will interrupt currents of short-€ircuif magni-
tude in approximately Y% cycle measured"ffom thé instant of
short circuit. During this 6 cyclegthe Galculated short-circuit
current may be much higher than the sustainédrms short-circuit
current of the system at that pointy \The fuge must be capable
of safely interrupting this transieént cutrent which might exist
at the instant the fuse operates:

In an alternating-current ‘eircuit) containing inductance, a
sudden change in the a-¢*¢arrent’is accompanied by a iransient
d-c component of current. 4The magnitude of this d-c component
of current is a, funétionVeisthe a-c current before and after
the change 4nd the point on the cycle at which the change
occurs. THe decfementyof the transient is a function of the in-
ductance and resistarce or losses of the circuit.

If a fault is suddenly established on a circuit, this d-c component
can have a maximum peak value equal to the crest of the 60-
cycle, short-circuit current of the system. This maximum
transient is obtained if the fault occurs at voltage zero. Due to

the,system losses, this d-c component will die out to a low value

LITERATURE REFERENCE
PRICES—See Price List 36-340
DIMENSIONS—See Dimension Section 36-340

in a few cycles. However, the fuse normally interrupts the
short circuit in !4 cycle, and this d-c component of current must
be taken into consideration in rating the fuse. If the decrement
of the d-c component is neglected in this half cycle, the rms
value of current would be 1.73 times the rms value of the 60-

cycle component for the totally asymmetrical condition.

Experience has shown that there is some decrement in this first
half cycle. For this reason, a ratio of 1.6 has been selected
between the rms asymmetrical current and the symmetrical cur-
rent. The fuse must be designed to interrupt the rms short-

circuit current of the system on which the fuse is to be used.
HOW ASYMMETRICAL VALUE IS DETERMINED

This instantaneous rms asymmetrical value of short-circuit
current, which the fuse must be designed to interrupt, is also
often referred to as the rms symmetrical value including the
d-c component. The asymmetrical value is obtained by multi-
plying the symmetrical value by 1.6. The symmetrical value
of short-circuit current on a 3-phase system is determined by
dividing the available 3-phase, short-circuit kva by the product
of the system voltage and 1.73, the 3-phase factor. Fuses
applied on this system should have an interrupting capacity

of 1.6 times the system’s symmetrical short-circuit current.

NOTE: The three curves attached to this page, covering mini-
mum melting time, short time, and total clearing time for BAL
fuses, are included for the purpose of co-ordination planning

with respect to other apparatus
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