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Presenter
Presentation Notes
The first material we will cover is the electrical system basics and equipment.
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Electrical System Basics

Differences between USA and the rest of the world

IEC define a high voltage fuse as a fuse-link rated for 3
phase systems above 1kV to 72.5 kV

IEEE define a medium voltage fuse-link as a fuse rated for
single and 3 phase systems between 1kV and 38kV

MV vs. HV - Definitions

Presenter
Presentation Notes
With regards to medium votlage (MV) and high voltage (HV), there are differences between the USA and the rest of the world.

IEC (primarily Europe) define a high voltage fuse as a fuse rated for 3 phase systems above 1kV to 72.5 kV

IEEE (primarily USA) define a medium voltage fuse as a fuse rated for single and 3 phase systems between 1kV and 38kV�
Bussmann we like to use medium voltage 1.1 kV to 72.5 kV, despite it does not technically agree with IEEE or IEC.  

Understand that customers may use the term “high voltage” where we call it “medium voltage” and vice versa.  Because of this, it is important to identify the actual voltage level (ie 38kV) to clarify the application instead of just relying on the terms “high voltage” or “medium voltage”.
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Electrical System Basics

Generation voltage 
10 kV-25kV MV (Medium Voltage)

Transmission voltage 
HV (High Voltage) – 132kV to 475 kV
Or EHV (Extra high voltage) – 500 kV
to 800 kV

Distribution voltage 
MV (Medium Voltage) – 1.1kV to 72.5 kV 

Low voltage
LV 1 V to 1kV

Presenter
Presentation Notes
Electrical power systems start with power generation.  Power Generation voltage is typically at medium voltage (MV), typically at 20 kV or 22 kV

After generation, the power is increased by a transformer to transmission voltage.  Transmission voltage is either at high voltage (HV), 132kV to 475kV or extra high voltage (EHV), typically 500kV to 800kV.
 
Transmission voltage HV (High Voltage) – 132kV to 475 kV - Or EHV (Extra high voltage) – 500 kV to 800 kV

The voltage is then stepped down to medium voltage (MV) for distribution.  The MV distribution voltage is 1.1kV to 72.5 kV.  Typical transmission medium voltage levels are 38 – 33kV, 25 – 20kV, or 13.8 – 10 kV

The power is then distributed to the end user at low voltage which is 1V to 1kV.  Typically low voltage system levels include 690, 500, 440, 415, 380, and 240 volts.
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Electrical System Basics

Local 
Substation

Transformer

33kV
Supply

230V
Supply

Power Station

22kV
Supply

400kV
Supply

132kV
Supply

Transmission
Substation

Main
Substation

Secondary 
Substation

11kV
Supply

Generation

Transmission

DistributionLow Voltage

Fuses Generally Used in Distribution and Low Voltage

Presenter
Presentation Notes
This diagram illustrates the power transmission and distribution system.  Power starts at the generation station and is stepped up to transmission level voltage. The voltage may be stepped down again by a transmission substation.  A main substation then steps the voltage down to the distribution voltage level.  From there, secondary and local substations step the voltage down to low voltage levels, for residential applications this is 230V.  Fuses are typically used in the low voltage and distribution portions.
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Why High Voltage

Power = Volts X Amps
If we increase voltage, we can decrease current
If we decrease current, we can use smaller
conductors (less copper) and have lower losses
(around 7% typical)

Transmit and distribute at high and medium voltages

Typically on overhead line systems

Presenter
Presentation Notes
As you can see, power is generated, transmitted and distributed at high and medium voltage.  This is because it keeps the current level low.  If you look at the power equation, power equals volts times amps.  Thus, if we increase the voltage level, we decrease the current level.  By decreasing the current, we can use smaller conductors, which means less copper.  It also reduces power losses, which are typically around 7%.

Thus, to transmit and distribute power economically, we use high and medium voltage.  We also tend to use overhead line systems.
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Why Overhead Line Systems

Predominantly driven by cost
For 1 kilometre of overhead line
£5,000

For 1 kilometre of
underground cable £25,000

Overhead systems susceptible
to faults permanent & transient

Need for protection and isolation

Presenter
Presentation Notes
The reason power is transmitted and distributed on overhead line systems is predominately driven by cost.  When look at the cost of overhead transmission lines, it is roughly 1/5 the cost of underground cable.  Thus, the cost is greatly decreased with overhead lines.  
�However, the overhead line system is susceptible to both permanent and transient fault.  Because of this transmission and distribution system have the need for protection and isolation.
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Urban and Rural System Statistics

Medium 
voltage 
accounts for 
61% of ALL 
network faults

Presenter
Presentation Notes
For urban and rural systems, the majority of power loss situations are at medium voltage levels.  Specifically, 61% of the power loss situations are at 6.6kV and 11kV, which would be at secondary and local distribution substations.  Because of this, the best location for overcurrent protection is in medium voltage distribution systems, where fuses have a significant cost advantage. 
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MV Systems Protection- Objectives

Protect equipment and people 

Provide fault discrimination 

Provide isolation points 

Cost effective and reliable

Minimize customer outages

Environmental considerations

Presenter
Presentation Notes
The objectives of overcurrent protection in distribution systems is to:
Protect equipment and people from fault conditions (faults can be extremely dangerous and cause significant hazards to equipment and people)
Provide fault discrimination (isolate fault conditions to only the nearest upstream overcurrent protective device)
Provide isolation points (isolate parts of the system to keep the remainder of the system energized)
Cost effective and reliable (lower operating and installed cost as well as system reliability are constantly trying to be improved)
Minimize customer outages (decreases power loss charges from users to utilities)
Environmental considerations (provide systems that do not have adverse affects on the environment such as hazardous substances)
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Distribution Systems

Circuit breaker based system – Far too expensive.

Fuse based systems most widely used

Cost effective and environmentally safe

Can be easily combined with switches

Variety of options

In current-limiting form - the best solution for transformer
protection 

Protection Options

Presenter
Presentation Notes
As previously mentioned, fuse systems are the most cost-effective protection solution for distribution systems.  As such, fuse based systems are the most widely used.  Fuse systems are also environmentally safe, easily combined with switches.  Have a variety options both with types of fuses and being installed in a variety of types of equipment (fuse switches, fuse end boxes, transformers, etc).  For the best protection of transformers and other types of equipment, current-limiting fuses provide the best protection option.



Transformer

Auto-Recloser

Fuse link or Sectionaliser

OHL Distribution Network Systems

Presenter
Presentation Notes
This is an example of an overhead line distribution network system. Transformers step the voltage from distribution level voltage to low voltage such as 240V for residential applications.

Within the system shown, auto-reclosers, fuse links or Sectionalisers are shown for protection and isolation of fault conditions.  
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Equipment on Overhead Systems

• Fuse Link - Usually an expulsion fuse-link mounted in a 
holder (cutout), opens on an overcurrent condition, “de-
latches” and swings open to isolate the fault.

• Auto Re-Closer - A circuit breaker that opens and close 
rapidly to allow a temporary fault to clear 

• Cutouts, Fuse mounts, DOEF - All mean the same thing – an 
expulsion fuse link holder

• Sectionaliser – Electronic device which replaces an expulsion 
fuse and holder, will “de-latch” on an over current condition 
- isolating the fault

Presenter
Presentation Notes
Basic definitions for the components used in overhead distribution systems are provided for auto-reclosers, fuse links and cutouts and automatic Sectionalisers.

Auto Re-Closer  - A circuit breaker that opens and close rapidly to allow a temporary fault to clear 

Fuse Link - Usually an expulsion fuse link mounted in a holder (cutout), opens on an overcurrent condition, “de-latches” and swings open to isolate the fault.

Cutouts, Fuse mounts, DOEF - All mean the same thing – an expulsion fuse link holder

Sectionaliser – Electronic device which replaces an expulsion fuse and holder, will “de-latch” on an overcurrent condition - isolating the fault 
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Fuse Types

DIN Air / Motor

VT (Voltage transformer) Oil tight fuses
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HV part numbers
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MV Fuse classification

Full Range

General 
Purpose

Back Up

Current

Fuse link types

Rated current of fuse link (In)

Minimum breaking current

Zone of uncertain operation. Fuse-link will open but cannot 
clear fault

In

3 In

1.7 In (1 hour current)

Minimum Fuse opening range (1.1In to 1.4In)

Presenter
Presentation Notes
This shows graphically the difference between rated back up, general purpose and full range fuses.   

For back up and general purpose fuses, the area in blue, from rated current up to the minimum breaking current, is where the fuse has uncertain operation.  Thus, the fuse will open between 1.1In and 1.4In, but cannot clear the fault.  Because of this the fused switch must be tripped to open the circuit for these current levels – hence the importance of the fuse striker pin.
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The Importance of the Striker
Back up and General Purpose Fuses

Rely on striker pin to trip fuse-switch for low level over
currents where the fuse-links cannot clear the fault
Provides “full range” operation

Trip bar in the switchgear 
trips all 3 phases

Fuse opens and striker pin 
contacts trip bar

Presenter
Presentation Notes
This graphically shows how during low level overcurrents, below the minimum breaking current of the fuse, the fuse operates and the striker pin pops up.  When the striker pin pops up, the trip bar is triggered and the switchgear trips all three phases, opening the circuit.  The use of striker in back-up and general purpose fuses with a fuse switch that trip all three poles when the striker operates provides “full range” operation.
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The Striker

Two types of Strikers
 Spring (Din fuses)
 Pyrotechnic (Oil fuses / Air fuses)

Spring Striker Pyrotechnic “Gun Powder” Striker

Spring

Pin
Case

Pin

Gun powder

Ignition wireRetention wire

Presenter
Presentation Notes
There are two types of strikers offered by Bussmann. 

The first is a spring striker. In this arrangement, the striker is pushed out by a strong coil spring.  Normally the spring is held in position by a thin loop of wire, which melts under fault conditions, thus releasing the spring. 

The second is a pyrotechnic “gun powder” striker. This striker consists of a tiny piston and cylinder arrangement with about a match-heads worth of gun powder inside. When the fuse-link operates and the elements melt and begin to arc, current is diverted for an instant into a wire, which passes through a rubber bung inside the striker and into the gun powder, the glowing wire then ignites the gun powder.  The resulting “pop” (ignition of the gunpowder) pushes the pin out through the end of the fuse.  
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Outer cap

Ceramic 
former

Body Quartz filler

Striker coil
Silver elements

Striker assembly

Back-Up Fuse Construction

Presenter
Presentation Notes
This shows the general construction of a back-up fuse.  As seen in the drawing, the silver element is wrapped around the core ceramic filler.  This helps to increase the length of the element while keeping the length of the fuse minimized.  The increased length is needed to achieve higher voltage ratings.  The quartz filler helps extinguish the arc when the silver element melts.

This also shows how the striker assembly is installed in the fuse.  The striker coil is the key to operation and runs the length of the fuse.  As previous discussed, this melts under fault current conditions and releases the striker.

Bussmann Fuses also incorporate the m-effect, this helps to improve the fuse normal and fault operation.
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Expulsion Fuse Link and cut-out
Overhead line cut-out secures
fuse-link

Fuse-link melts during
over current condition

Fuse-link cutout de-latches
and swings downward,
extinguishing over current 
and isolating fault

Inexpensive protection

Presenter
Presentation Notes
These show Expulsion fuse link & Cutouts.  

The overhead line cut-out secures the fuse link.  The fuse link melts during an overcurrent condition, causing the fuse link cutout to de-latch and swings downward, extinguishing the overcurrent and isolating the fault condition. 

Expulsion fuses offer inexpensive overcurrent protection, especially when compared to an auto-recloser, but can operate on transient faults which may cause unnecessary downtime and fuse replacements.
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Auto Re-Closer

A pole mounted circuit
breaker

Or a ground mounted circuit
breaker with an auto-reclose
sequence relay fitted

Open and closes rapidly to
Remove a temporary fault on
an overhead line

Usually set to O-C 3 times
locks out on fourth

Presenter
Presentation Notes
An auto-recloser is a a pole mounted circuit breaker or a ground mounted circuit breaker with an auto-reclose sequence relay fitted on the circuit breaker. 

An auto-recloser opens and closers rapidly to remove a temporary fault on an overhead line

Usually the auto-recloser is set to open and close 3 times and then locks out on the fourth time.




21

Sectionaliser

Applied in conjunction with
auto-recloser (opens fault)

Contains Electronic circuit board
and CTs to monitor current

After auto-recloser has opened a
specified number of times, the
sectionaliser actuator “de-latches”

Sectionaliser swings
downward, isolating fault

Cost-effective protection

Presenter
Presentation Notes
Sectionalisers can only be applied in conjunction with auto-reclosers because while the can detect fault conditions, they cannot open on fault conditions.  The auto-recloser is responsible for opening the fault condition.  The sectionalize de-latches and opens only after the auto-recloser has opened and removed the fault.

Sectionalisers consist of several key components.  The first is the “brains” of the Sectionaliser – an electronic circuit board. CTs are used to monitor the current and provide current information to the electronic circuit board.  

After the auto-recloser has opened on a specified number of overcurrents (1st, 2nd,or 3rd time during a given time period, approximately 25 seconds, the Sectionaliser electronic circuit board triggers the actuator. The actuator then “de-latches” the Sectionaliser.  When the sectionizer “de-latches” it swings downward, isolating fault.

The delayed de-latching of the Sectionaliser avoids opening on transient faults which may clear themselves – avoiding unnecessary opening operation.  Because of this, while Sectionalisers are more expensive that fuse links, they can minimize downtime and thus provide cost-effective protection.  However, they must be used with auto-reclosers, so that can increase system cost greatly.
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Urban Distribution Systems

Primary 
Feeder

RMU RMU RMU

Transformer

Fused 
End 
Box

Ring Main Unit (RMU)

Presenter
Presentation Notes
This shows a network distribution system which may be used for commercial and industrial users.  This type of system can use Ring Main Units, fused end boxes, fused end boxes for protection and isolation of fault conditions.  Transformers step the voltage down from distribution level voltage to low voltage – typically 415V, 550V or 660V.
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Equipment Used In Urban Systems

RMU’s and fuse switches
Switchgear used to protect 
transformers and over-head lines 
on a network – R.M.U. – Ring 
Main Unit, consists of a fuse 
switch or circuit breaker, with 
two ring switches, very common 
and where 70% of MV current 
limiting powder fuses end up.

Fused End Boxes
– Fused end boxes contain current-

limiting fuses but do not provide 
isolation or switching.

Presenter
Presentation Notes
Ring Main Units (RMUs) and fuse switches - Switchgear used to protect transformers and over head lines on a network – RMU – Ring Main Unit, consists of a fuse switch or circuit breaker, with two ring switches, very common and where 70% of MV powder fuses end up.

Fused End Boxes – Fused end boxes contain current-limiting fuses but do not provide isolation or switching.
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Ring Main Unit (RMU)

Non-Fused Switch - Provides power supply from either source

Fuse Switch/CB - Provides isolation and protection for load
(transformer)

Earth Switch - Switches incoming cables to earth during routine
maintenance

RING switch RING switch

11000 / 400 Volts

Earth 
switch

OR
Power Transformer

Circuit 
breaker 
or fuse 
switch

Earth 
switch

Presenter
Presentation Notes
Ring Main Units (RMU) consists of two Non-Fused Switches which provides power supply from either source.  A fuse switch or circuit breaker provides isolation and protection for a specified load such as a transformer. Two earth switches, switch incoming power source cables to earth during routine maintenance.

Ring Main Units offer great switching and load protection but comes at an elevated price.
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Fused Switch

11/22kV

CL Fuse

Switch

Current Limiting 
(CL) Fuse-links

Presenter
Presentation Notes
Fused switches typically incorporate back-up or full-range current limiting fuses and consist of a busbar compartment (incoming power conductors or bus), a switching compartment (opens/closes switch contacts), a cable compartment (load conductors) and a low voltage compartment (low voltage control circuit for switch).

Typical features and benefits of medium voltage fused switches include:
Multiple pole switching and isolation
Precharged mechanism for tripping switch on low overcurrent conditions when striker on medium voltage back up or general purpose fuse operates.
Open Fuse indications

Fused switches do not have the capabilities of an RMU, but are a much more economical solution – ½ the price of an RMU.
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Fused End Box

Full Range 
Current 
Limiting Fuse-
link

Cable Entry

Phase 
Barrier

Mounting flange

Fuse-link 
connection 
(bolted or  DIN 
clip)

Presenter
Presentation Notes
Fused end boxes incorporate full range current limiting fuse protection and consist of fuse connection (bolted or DIN clip to secure fuse), mounting flange to secure enclosure and tie into line side connections(often to distribution transformer enclosure and ties into transformer bushings), phase barrier to isolate phases and cable entry for load conductors.  It is important to note these require full range fuses instead of back-up or general purpose fuses.  This is because back-up or general purpose fuses require a fused switch to trip and clear low-level overcurrents where the fuse cannot clear.  Full range fuses can clear all overcurrent values so a fused switch is not required to trip low level overcurrents.

Fused End Boxes are the most economical solution (about 1/12 the cost of an RMU) and provide excellent overcurrent protection.  However, they do not have the switching capabilities of RMUs or fused switches.  Because they do not have switching capabilities, they do not have multi-pole tripping, so there is a possibility that the system can have two phases energized while one phase is deenergized due to fuse opening.
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Summary 

All countries have a generation, transmission and
distribution system to get electricity to facilities

Medium and low voltage fuse-links are used mostly in the
DISTRIBUTION part of the system

Medium voltage non-current limiting fuse links and
Sectionalisers mounted in cut-outs are used in overhead
lines

Medium voltage current limiting fuses are generally used in
Ring main units (RMUs),  fused switches and fused-end
boxes in urban networks

Presenter
Presentation Notes
All countries have a generation, transmission and distribution system to get electricity to facilities
 
Medium and low voltage fuses are used mostly in the DISTRBUTION part of the system

Medium voltage non-current limiting fuse links mounted in cutouts are used in overhead lines

Medium voltage current limiting fuses are used in Ring main units (RMUs),  fused switches and fused-end boxes
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