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FUSING CONSIDERATIONS
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ARE POWER FUSES DESIGNED
TO PREVENT LETHAL CURRENTS
TO PEOPLE?



@ HUMAN REACTIONS
to Alternating Current

(1 milli ampere (mA) = 1/1000 Amp)

1 mA

17 10 mA
5 MA

61 15 MA
15 mA+
25 MA+
50 mA+
500 mA

Slight Tingling Sensation

Sensation of Shock

Painful Shock Begins

Let-Go Threshold Level Breached
Severe Paiin Involuntary Movement
Respiratory Paralysis Begins
Ventricular Fibrillation Level

Lights a 60 watt light bulb



@ FUSING CONSIDERATIONS
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ARE POWER FUSES DESIGNED
TO PREVENT LETHAL
CURRENTS TO PEOPLE?

ANSWER




@ HOME WIRING FUSES
(SOL COND, 2000 V, ENCL SPACE)

FUSE SIZE WIRE PROTECTED
A15 AFuse -  #14CU or #12 AL
A20 A Fuse - #12 CU
A 25 A Fuse - #10 AL

A 30 A Fuse - #10 CU

(1996 NECI Tables 31616, 17, 18, 19, Footnotes)



@ BARE ACSR CONDUCTOR
CURRENT RATINGS

COND

A #6 - 6/1
A#4-7/1
A#2-7/1
A1/0 - 6/1
A2/0 - 6/1

(FREE AIR)
RATING COND
- 105A A 3/0 - 6/1
- 140 A A 4/0 - 6/1
- 184 A A336 - 18/1
- 242 A A4T77 - 18/1
- 276 A A556 - 18/1

RATING

315 A
357 A
519 A
646 A
711 A

(SOUTHWIRE Overhead Conductor Manual; First Edition; Copyright 1994)



@ BARE COPPER CONDUCTOR
CURRENT RATINGS

(FREE AIR)
COND RATING COND
A#6 SOL - 128A A1/0-7ST
A#4 SOL - 170A A2/0-7ST
A#4 -7 STR - 174 A A3/0-7ST
A#2 SOL - 228A A4/0-7 ST

A#2 -7 STR - 233A

RATING
R - 311A
R - 360 A
R - 417 A
R- 482A

(SOUTHWIRE Overhead Conductor Manual; First Edition; Copyright 1994)



‘@ FUSE DEFINITION

ELADE EEIDT _ FILLER ELEMENT
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An electronic device composed of a conductive elem
(link) surrounded by a neaonductive filler, where the

element will melt and disintegrate at a designed curre
level to open an electrical circuit.




FUSE

ELEMENT (LINK) DESIGN

BLADE BODY FILLER ELEMENT

N/

\
[

A Material = Silver, Tin, Copper, Nickel
or other Metal

A Wire, bar or ribbon configuration with
a designed weak point that melts at a
designed current level
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FUSE
FILLER MATERIAL

A Material = Silica Sand, Boric Acid,
other non conductive or de-ionizing
substance

A Heat from arch, which occurs when
element melts, creates a non
conductive glass, or de-ionizing gas
that extinguishes the arc and stops
current flow



@ EXPULSION FUSE
OPERATION

A Conductive element surrounded by loosely
packed filler

A Disintegrating element creates arc which
heats air to form conductive gas (Ozone)

A Arc heats filler material which forms non-
conductive gas

A Non-Conductive gas expels conductive gas
and suffocates the arc

A Gas vented from fuse container to outside
A Primary use in outdoor/indoor applications



18 NON-EXPULSION FUSE
OPERATION

A Conductive Element surrounded in tightly
packed filler (silica sand) or vacuum

A If sand filler - Heat from arc melts sand
which turns to non-conductive glass

A If Vacuum filler i No air exist to create
Ozone so no conductive gas created

A No gas created / No Expulsion

A Used in Indoor Applications and Current
Limiting fuses



g CUTOUTS
Fusible Switches / Replaceable Links

Top Contact >,
S
_ t\\' \\t" Fuse Link with
Porcelain or = ‘)‘,§: Button Head and
Composite — — . Pigtai
Insulated Holder ‘ B | =
=
_— ~_Fuse Tube
Bottom Contact \g‘;\\."\ Fuse Link Inside
with Link i B
A $1-°

Attachment and -
Spring Lift /ﬁ{x |



@ CUTOUT

A Combination Power Disconnect Switch
and replaceable fuse device

AHollow Fuse Holder lined with solid Arc
Quenching material
I Houses Fuse Link

I Produces noionizing gas when heated by
arc

I Gas suffocates the arc vents out bottom
AExpulsion Type Fuse




@ CUTOUT

AFuse Linki 2 Purposes in Cutout

I Serves as Conducting Element
ASize determines the Limit of Allowable Current
AWhen Link melts Arc is created inside Holder

I Provides Mechanical Tension to hold Switcr
In Closed position

AWhen Link melts Tension released and switch
drops open

AMax Fuse Rating 200 Amp



CUTOUT

AWhen Fuse Blows, Only Link is replaced
A Cutout Use

I Overhead Taps

I Overhead Transformers
I Overhead Capacitors

I Underground Laterals

Single Element

CAPTIVE WASHER
Washer is heid in AUXILIARY TUBE
lace and will not |7 Frovides gases for low-current

: — FUSE ELEMENT i i

.f.ll gl'fa&!?e I'”,t‘-“ be Engineered far accurate fusing Interruption.

rasher can =t be using a single tin element for

removad if needad. coolzr operation,
= RN W O W W W ]
D ml—é 9 6 esszeties
[ T Y WA J

STRAIN WIRE — L FERRLILE LEADER

. Stranded for strength
Copper construction for bettar and flexibility g
soldering, conductivity, and strength h i

Prowvides exceptional
tension relief in
excess of standards.

BUTTOMHEAD

Figure 3.
Typical Types K, T, N, and H (& A) link construction.



g cuToUT
Major Manufacturers

A COOPER

I Kearny
I McGraw Edison

AHUBBELL - Chance
A S&C



SMD 20 FUSE SWITCH

~

Fuse-untt upper end
fitting (reusable)

Birdproo!-design insulator—provides

insulation characteristics higher than Latch-and-upper-
ANSI distribution-cutout standards and contact assembly
equal in most cases to ANS| swilch

and bus standards

A7)

/)

V!

L4
: Loadbuster altachment SMU-20 Fuse Unit—
: hooks—also provide self- vep}acw after
guiding action for fuse fauit-clearing
\ﬁ unit during closing operation
<
P~y
S
=~
y
Hinge-and-lower-
contact assembly Fuso-unit lower end

fitting (reusable)

Overhead—Pole-Top Style illustrated

(see pages 16 through 19 for
avallable mounting styles)




@ SMD 20 FUSE SWITCH
(S&C Line Fuse Switch)

A Combination Power Disconnect Switch &
replaceable fuse devi¢gmilar to Cutout)

ARated for 15 35 kV

AHollow Fuse Housing (SMU 20) lined
with solid Arc Quenching material
I Houses Fuse LinkCalled Fuse Unit

I Produces noionizing gas when heated by arc
I Gas suffocates the arc



@ SMD 20 FUSE SWITCH

AFuse Link

I Serves as Conducting Element
ASize determines the Limit of Allowable Current
AWhen Link melts Arc is created inside Holder

I Mechanically tied to Holder through arc rod

I When Link melts gas pushes arc rod throug
top contact which drops SMU housing

AMax Fuse Rating 200 Amp

AWhen Fuse Blows Replace Entire SMU
Housing



@ SMD FUSE SWITCHES

A ALL SMD Fuse Switches Have Same
Operating Process

A SMD 1A, 2B, 2C and 3 Primary Usage
| Substations
I Rated 15 kM 69 kV
I Rated Current up to 300 AMP

A S&Ci Only Manufacturer



@ HIGH CURRENT FUSES

A S&C SM-4, SM-5
I 34.5 kV Max
I 700 Amp Max (Paralleling Units)

A COOPER (CURRENT LIMITING)
I RTE, COOPER, MCGRAW EDISON
I 23 KV MAX
I USE In series with another fuse



B BAYONET FUSES

A High Side Fuse for Padmount Transformers
A Switchgear

ATYPES
I Current Sensing
I Dual Sensing
I High Amp Overload

A 23 KV Max

A USE in with High Current Protection
i Internal Weak Link' Lateral Fuse
I Internal Current Limiting Fuse



BAYONET FUSE

Sidewall-Mounted and Cover-Mounted Bay-0-MNet Fuse Assembly

RUBBER SEAL
Multiple groove Mitrile
rubber s=2al ensuras

TAPERED FLANGE
77 taperad flanga retains
gasket z2al whan compressad i
during assembly.

COUTER TUBE

Melded outer tubs assembly of high

temperature themo-plastic withstands - HAMDLE
transformer operating temparaturas Stick-cparakle handle

et With cam action seals
and unsaals fuse holder assembly
and allows aasy ramoval of fuse.

and directs expulsion gases during
fuse oparation.

FLAPPER WALVE (OPTIOMAL Y
Flapper valva is opan when the inner fusa cartridge holdar
assambly is insered. Tha valve closes whan the fuss

helder iz removad resulting in minirmal oil spillaga.

FUSE CARTRIDGE

High strength fuss carridgs directs
and contains gases during fuse Expulzicn gas ports releasse gasss during fuss
operation. Taperad end contacts cperation 1o pravent excess prassura on fuse

allow easy inserfion and removal A holdar and break up gas bubblas to
during switching. e (/ pravent restriks.

y COPPER/SILVER-PLATED TERMINALS
Ore-piece coppsr or silver-plated terminals
provide convenient connactions for high-voltage

D leads.
{ / ———— CONTACT BUTTONS

k’/ Independent spring copper or silver-plated contact
END PLUG — X0

buttons prass evenly on fusze and are highly rasistant

Threadsed brass and to annaaling for raliakle electrical connection and high
plug makes contact with current carrying capacity.
fuse link element and
diverts gasas during fault A5 PORTS
interruption. Expulsion gas ports release gasas during fuss

cperation to pravent excess prassure on fusa holder

and break up gas bubbles to pravent restrika.

GASKET
Zasket on inside of tank
ensuras reliable sealing.

EAS PORTS

Figure 2.
Cutaway lllustration of Sidewall-Mount Bay-O-Net Assembly with optional flapper valve.

*Flapp=r valve is available on sidewall-mount assembliss only.




BAYONET FUSE

Figure 6.
Sidewall-Mount Outer Tube with contacts and gasket.

Figure 7.

Eic'l:lem.iall-l'uluunt Inner Fuse Cartridge Holder Assembly with fuse cartridge and
end plug.




BAYONET FUSE

Isolation Link or

. Current Limiting Fuse
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@ CURRENT LIMITING FUSE

AHigh Fault Fusé Used in Conjunction
with Low Fault Fuse

ANon-Expulsion Fuse

AUse
I Padmount and Submersible Transformers
I Indoor Switchgear
I Some Dropout type Switches



CURRENT LIMITING FUSE

ELSP Current-Limiting Backup Fuse

SOLID COPFER EMD CAPS
Brazz insens are tapped for
attachment of a e inch -
20 x 1z inch lead hardwara,

DOUBLE SEALIMNG
SYSTEM Buna rubbsr
gasket and apoxy sealant
ensures saal performance
and integrity.

Figure 2.
2" diameter ELSP Current-Limiting Back-up Fuse cutaway shows dezign characteristics.

HIGH PURITY SILICA SAMND FILLER
Spacific particla ziza, ty, and
-:l:nmpa-::uF-:l:-n Qives the Eve-a

and arc-gquenching proparies
nacassary for consistant cleanng and
low anargy let-thru leveals,

t-abscrzing

MICA SPIDER
M Provides stable winding
support without generating
as and prassura buildup
uring fLISEI oparation,

FIBERGLASS HOUSING

Frovides strength and maintains

intagrity of fuse during any

imtarmuption, from minirmum melt

curent to maximunm rated
curent of 50 kA,

— INDELIELE IDEMTIFICATION LABEL

Easy-to-read voltage and cumrent
ratings and catalog numbers,

PURE SILVER ELEMEMNT
Stable under current cycling

and themal stress, providing
consistant melt charactaristics.
Tha ricbons affactively contral
and minimize peak anc voltage
levals FEL.le|tIr'I%fI'EIIT| high cument
interrupticns. During intermnuption,
tha alament affactivaly controls
and limits both currant and
anargy (12t} let-thru levals.




LETS TAKE A 15 MINUTE
BREAK



FUSE
TIME CURRENT CURVE

1000 60000
65 T Fuse Link
100 0000
10 600
Fusel 3
Fusel _ [Type T-TIN 65 max clear ©°
[Type T-TIN 65 min melt 5

Seconds

0.10

100 1000 10000
Amperes (common voltage 12.47 kV)

0.010
10



@ TIME CURRENT CURVE
(65 K VS 65 T Link)

300 Amp Fault R_ 11000 Amp Fault

Nk Time (Cunrel

OSSN 65T | ¥ 1oL 65K 65T
Start 1.30 sec 3.13sec Start 0.08 sec 0.28 sec

Clear 2.85sec  7.11sec Clear 0.14 sec 0.42 sec

L3
=)

A




@ 30 TRANSFORMER
FUSING CONSIDERATIONS

AProtect Transformer from Secondary Fault

AProtect Source Feed from

- Faults on Secondary

- Faults Iin the Transformer

Al nsure Fuse Wonot B

- Full Load of the Transformer

- Cold Load Pickup (67 10 x FL Amps)



3u TRANSFORMER
FUSING CONSIDERATIONS

ransionmsr
coldiosd

ransiwmer
raied cunrent

ransformer




@ 10 TRANSFORMER
FUSING CONSIDERATIONS

ASimilar to 3 Phase Transformers
AProtect Transformer from Secondary Faul

AProtect Source Feed from
- Faults on Secondary

- Faults In the Transformer



@ 10 TRANSFORMER
FUSING CONSIDERATIONS

Al nsure Fuse Wonot

- Full Load of the Transformer
- Cold Load Pickup( 1.5 to 2 x FL Amps)

- Allow more Leniency in fusing due to
> Less Expensive Cost of unit

> More Customer Diversity



@ 10 TRANSFORMER
FUSING CONSIDERATIONS

A25 KVA Transformer

A7.2 KV - 120/240 V

AFull Load = 25000VA/7200V = 3.47 A
AFuse Size =1.5xFL=5.2 A

AFuse at 6 K or 6 T Link



@ FUSE CAPACITOR BANKS

ASize fuse as Fully Loaded Transformer
i 600 kKVARC 600 kVA
i Current = (600 kVAR/3)/7.2 kV =27.8 A
I Fuse with 25 T on 7200 Volt System
AAvoid Placing Banks Closer than 600 fee
from other banks
I Inrush Current from Adjacent Bank to Great



@ LINE TAP

FUSING CONSIDERATIONS

A Isolate Faults on Taps from Back Bone Circuit
A Keep Fault from Damaging Tap Circuit

A Make Fuse Large enough to Operate Load

A Make Fuse Small enough to Eliminate Faults F



