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Bus (Switchboard)

m A Bus is a conductor that connects multiple circuits or
loads to a common voltage supply.

- Large Loads and Power Distribution panels are
connected to a bus via a Breaker.

- A bus is physically heavy gauge wire or a metal bar.

- You can think of it as a VERY LARGE circuit breaker
box.
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Busses...

- Busses are categorized as VITAL or NON VITAL

- Typically located in a SWITCHBOARD, which is
a watertight enclosure

- Usually numbered 1S, 2S, 1B, 2B, 1E, 2E
- Odd numbers are Starboard busses

- S=Ship Service (450 VAC, 60 HZ)
- B=Battery Bus (High Voltage DC)
- E=Emergency Bus ||,
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Power Distribution panel

- Supplies groups of loads in close proximity or of
similar type

- Can also feed other distribution panels
. Typically look like a circuit breaker box
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Vital Loads

m Vital loads are electrical loads deemed critical to safe
operation of the vessel

bilge pump

hydraulic steering pumps
1MC system

Reactor Coolant Pumps

Lighting (required to be able to successfully combat
any casualty)

m For maximum reliability, vital loads
should be capable of being powered
by different sources.
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Non-Vital Loads

m Non-Vital loads are not critical to safe
operation of the vessel

galley power
Hot water heater
Fans and ventilation
m Because reliability isn’t critical, non-vital

loads are typically powered by a single
source
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Typical Bus Arrangement
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Circult Breakers

- Designed to trip on overcurrent

- Usually have both short-term and long-term
time-current characteristics

. A breaker will trip on 100 amps after 1 sec, but will
allow 15 amps to pass for 10 seconds before
tripping

. This allows loads requiring
short-duration large startup
currents to operate (such as
AC motors)
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Motor Operated Breaker

Adjustable Over
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Typical Bus Arrangement
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Split Plant (Full Power Lineup)
s Port & Stbd SSDGs operating, Bus Tie Bkrs Open
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Split Plant Operations

m Port & Stbd busses isolated from each other

m Electric Transient on one bus does not affect the
other bus

m Vital Power Distribution Panel can be quickly
powered from stbd bus if the port bus is lost

m Usual mode for maximum reliability
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Cross Connected (Parallel) Plant Ops
= Port & Stbd SSDGs operating, Bus Tie Bkrs Shut
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Half Power (Single SSDG) Plant Ops
m Stbd SSDG operating, Bus Tie Bkrs Shut
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Designed for Reliability

m Electric Plant Is designed to be reliable

e A faulted piece of equipment will not bring
down the entire distribution system.

e Fault: A piece of equipment is shorted

L Short circuit causes generator to see near zero
resistance; generator must supply near infinite
current.

dToo much current is an overload; with no
protective action (breaker opening, fuse
blowing) excessive heat and fires can result.

USNA Internal Use Only



" J
Designed for Reliability

« Selective Tripping: A tiered system of circuit

breakers iIs used.

O Supply Breaker closest to the generator

— Has an overload slightly (e.g. 10%) above the full load
rating of the generator (thousands of amps).

— Has a long time delay (seconds).
d Individual Component - furthest away from source

— Has a set point slightly above (e.g. 10%) the maximum
power rating of the load (a few amps).

— Has a short time delay (milli / micro seconds)
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Selective Tripping through multiple panels
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Designed for Redundancy

= Failure of any single component does
not cripple the ship.

= Failure of a single supply will not cause
a complete loss of power.



Designed for Redundancy
= Considerations For Plant Redundancy

e Multiple Power Sources
A Port and Starboard Generators

MBT or ABT bus transfer switches ensure power
IS always available to vital components

e Vital electric equipment redundant
O Ex: 2 lube oll pumps, different and independent
power supplies to each.
O Ex: 1 power plant control computer, two
Independent power supplies.

USNA Internal Use Only



Ships Service Power

m 450-V, 60-Hz, 3-phase AC is Navy
Standard
m Prime Movers onboard US Ships:

Turbine Generators (SSTG)
Diesel Generators (SSDG)
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Shipboard AC Overview

m Majority of the loads are AC powered
m 60 Hz

450 V5

Produced by generators

Required by large machines: pumps, air
conditioners

m 120 V,¢

Stepped down by transformers
Required by lighting and most electronic equipment
Many 120 VAC loads are single phase
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120 V, Power Distribution

m Three Phase transformer has 450 VVac on
primary side and 120 Vac on secondary.

m \What Is the turns ratio?
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Requirements prior to Parallel AC
Power Source

When two different sources or loaded busses need
to be connected, we must Parallel them.

This means Frequency and Phase Angle must be
matched before shutting a breaker

Shutting a breaker with a large phase difference:
Arcing and sparking = fire

Equipment could be reverse powered (running
equipment could be overloaded).
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Requirements prior to
Paralleling

1. Voltage matched
2. Phase sequence matched

3. Incoming Frequency slightly greater
than running (so incoming machine
will take load)

4. In phase
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Requirements prior to
Paralleling

= A Synchroscope is used to compare the frequency
difference between the two sources.
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Navy Ungrounded Systems

m Navy ship-service equipment is UNGROUNDED

m The neutral wire (center of Y) is not bonded
(grounded) to the ship’s hull or electrical
cabinets

m This is for EQUIPMENT RELIABILITY, not
personnel safety

A a

Z{HI

N ”

C B c b




" S
Grounded System: Personal Safety

The person is touching cabinet when one of the electrical phases shorts to it.

The current from the fault flows directly back through the grounding strap to the
neutral line on the generator WITHOUT passing through person’s body.

Insulated wires Circuit breaker cabinet Machine casing

——————

Grounding strap Grounding strap

Ship’s Hull, deck plating, etc.
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Ungrounded: No Personal Safety

The person is touching cabinet when one of the electrical phases shorts to it.
A small current will flow through the impedance of the ship’s wiring.

The current from the fault will seek the least resistant path, which may include
the person’s body.

IT ONLY TAKES 100 mA TO KILL YOUI!
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Grounded: No Equipment Reliability

Current flows through the short to the equipment cabinet back to the neutral.
Excessive current surge probably will melt wires or start fire
Circuit breaker (hopefully) will trip to secure load.

LOAD STOPS RUNNING!

Grounding strap Grounding strap

Ship’s Hull, deck plating, etc.
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Ungrounded: (Some) Equipment Reliability

FIRE or tripping breaker will not occur unless a different phase shorts out on

this component or another component. - = m e ,
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Navy Ungrounded Systems

EQUIPMENT RELIABILITY is the issue!

If a piece of equipment shorts to the hull, that piece of
equipment usually will continue to operate

Since the hull is not grounded to the neutral of the
generator, only a very small current flows.

Small current = no fire!

Small current = circuit breakers don't trip, equipment
continues to run!

Electrical plant operator checks for grounded equipment
once per hour. If a ground is discovered, equipment is
sequentially switched around until the grounded
equipment is found.

If two different pieces of equipment on different phases
are shorted, circuit breakers-tkig @and/or a fire occurs!
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