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How To:
Marine Electrical Seminar

Improving electrical systems on your boat.
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Electrical & Electronics
Fundamentals &
Troubleshooting Tips
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Before we get started . ..

* Cell phones off please
® Ask questions

* Take lots of notes / drawings
® All slides will be provided to you online
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Electrical Fundamentals

Voltage
Amps
Resistance
DC

AC
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What is Voltage?

* Amount of potential energy between two points
® Greater the voltage, greater the potential current flow

1.5 volts
12 volts _m ._
L | N '
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What is Voltage?

* Let’s compare voltage to water pressure

Fire Hose

Garden Hose

1.5 volts
12 volts _m ._
L | N '
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What is Voltage?

Voltage is like water pressure. The greater the

pressure (voltage), the greater the potential energy.

1.5 volts
12 volts _m ._
L | N ‘
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What is resistance?

® Let’s continue our water analogy
e Water (electrical current) is flowing through the hose

®* What might create resistance - restrict the flow?
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What is resistance?

® Stepping on the hose will create resistance

® The restriction slows the flow of current
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What is resistance?

® Inserting a very small hose will create more resistance

e This will slow the flow of current even more
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What is resistance?

® A light bulb contains a small wire called a filament

® |t creates resistance and slows the flow of current
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What is resistance?

® A light bulb contains a small wire called a filament

® |t creates resistance and slows the flow of current
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Ohm’s Law

Current = Voltage

Resistance

Units of Measure
Current: amps amps = volts
Voltage: volts ohms

Resistance: ohms
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Ohm’s Law

Current
6 amps ' Resistance
2 ohms
+ -
Current = Voltage
Resistance
???2amps = 12 volts

2 ohms
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Ohm’s Law

Current

6 amps ' Resistance
2 ohms
+ -
Current = Voltage
Resistance
6amps = 12 volts

2 ohms
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Example 1

Batteries in series & parallel

Find battery voltage
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Example 2

Batteries in series & parallel

Reverse the probes and
see what happens
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Example 3

Batteries in series

Connect batteries in series with
jumper wire and measure voltage.

1 <+ 1

jumperm// |
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Example 4

Batteries in parallel

Connect batteries
in parallel with

jumper wires and
measure voltage.

jumper
wire

——




HANDS ON TRAINING

Batteries in parallel
Volts

-

» | Amp Hrs

House Battery
100 amp hours

House Battery
100 amp hours
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HANDS ON TRAINING

Batteries in parallel

12V
S

' 3 200 Amp Hrs

House Battery
100 amp hours

House Battery
100 amp hours
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Electrical short circuits

®* Happens when wire chafes through or disconnects
® Positive wire makes contact directly with ground
® Result is a huge current flow

Wire can melt

Biggest cause of boat fires

Properly located and sized fuse
Short Circuit or breaker should protect

WWW.pysystems.ca



POWER: Introducing the watt

® Power: actual rate of doing work
® Good comparison might be calories being burned
® Unit of measure of electrical power is the watt
® Examples of electrical work being done on a boat:
Light bulb glowing: 60 watts
VHF radio transmitting: 25 watts
Windlass motor turning: 1200 watts
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POWER: Introducing the watt

5 amps

12V

Voltage x Current

12 volts x 5 amps

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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60 watt light bulb

= Power

60 watts
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Converting watts to amps

® Amps are a measurement of current (electron flow)
® Amps vary widely based on voltage in circuit
® Amps influence

size of wire to use for heat / fire

size of wire for long wire run (voltage drop)
size of fuse or breaker
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- Converting watts toamps

Example: Microwave on 120 VAC

Voltage x Current = Power

Current Power (W)

Voltage (V)

N
= Current 1200W = 10A
- 120V

* Typical residential breaker is 15 amp.
1200 watt * Typical wire size is 14 gauge.

Microwave
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- Converting watts to amps
Example: Windlass at 12 VDC

Current = Power (W)
Voltage (V)
Current = 1200W = 100A

12V

- 125 amp breaker (1.25 X Current Rating)
- Minimum wire size 0

1200 watt
windlass
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- Converting watts to amps
Example: Windlass at 13.5 VDC

Current = Power (W)
Voltage (V)
Current = 1200W = 89A

13.5V

1200 watt

windlass
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- Converting watts to amps
Example: Windlass at 24 VDC

Current = Power (W)
Voltage (V)
Current = 1200W = 50A

24V

1200 watt

windlass
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DC - Direct Current E

® Current (electrons) flow in one direction
®* Normally associated with batteries & solar panels
® Can also be generated electronically

1.5 Volts - Direct Current

N
W= )-

:Q\ Expressed as: 1.5V DC
|

b
DC Circuit

Boats: 12V DC or 24V DC

WWW.pysystems.ca
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AC - Alternating Current %

e Standard type of power used in our homes

® Also shore power or generator
* Typical household voltage is 120 volts
® Current (electrons) flow in both directions
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AC - Alternating Current KN

60 cycles per sec

Current 0.5 A

120V AC
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AC - Alternating Current KN

60 cycles per sec

Current 0.5 A

120V AC
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Electrical Fundamentals:
Wiring Essentials



M
/
Marine Wiring Standards

e Safety standards apply to marine electrical wiring
Protect you from fire and electrocution
Reliable operation of devices

® Follow ABYC standards
ABYC Standard E-11

°*Do It Right the First Time

Created by Jeff Cote of Pacific Yacht Systems, Inc.
WWwWw.pysystems.ca



U
/

On boats use only braided wire

Solid copper household Proper marine grade braided
wire. Do NOT use this! copper wire that has been tinned.
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| ABYC Marine Color Code
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12 VDC Marine Wire Colours

Marine Wire Color Codes — DC Systems Less Than 50 Volts

Color

Yellow or Black, |

Item
Caroundgd

Use
Haeturn, Nagelive Maires

Lk Blua

il Prassura

Ll Pressure Sendar (o Gauge

LDk Blue

abin & Insbromeant

Fuse or switch o Lights

Birowem

(Greyn
Liray

CGenerator Armature

Ganaraionr Armalurs 1o Regulator

Alternator Charge Light

Purngs
Bordng Sysbem
Menngahon Laghts

Generagior Termina or Alaemsator Auxiliary
Terminal

to Reguiatar

Fuse o Swiltch 1o Pumps

Boanchng Wires (il insusaled)

Fise or Switch 1o Lighls

T achomeder

1'achomeatar Sendar o Gauga

Liranga

ACCessory Feed

| Common Faad

Ammeatar to Alternator or Generator Liuiput

and
Aocassory Fuses or Sesiches

Cistnbuton Paned 10 Accessory Switch

Fink

Fusl Gaugs

Fual Gauge Sendar fo Gauge

Furpla

Ipration

Igrirtian Sesich b Lol & Elactncal Insbrument

Instrument Feed

DisEribubon Fanel Elactrical Instrumsans

Ried

Main Power Fesds

Pasitive Bains (particularty un-Tusad)

Yellos

Generatar Fisld

Gensraiol o Regulator Field Terminal

Bronwt v ellomw
Yirllorwy v Roesd

Bilge Blormers
Slarling Carcui

Fuse of Switch o Blavwes
starting Swelch bo Soléenoid

1. Snce maring AT systerns usa btlack wres o5 the current camying wire (hot), black is
baing phased md on mamoe DG systems to haelp prevant confusion
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12 VDC Polarity

Most DC devices are polarity
sensitive.

 Won't work if polarity is reversed
 Devices might be damaged

This bilge pump would run
backwards if polarity was reversed!
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12 VDC marine wire colours

———— Red: Positive / Power Supply

Black or Yellow: Negative / Ground

Know this. And don’t ever touch Pos & Neg wires together!
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120 VAC wire colours

—_——————  Black: Hot (most dangerous)

White: Neutral

N Green: Ground

Use extreme caution. Shut off AC power and test first!
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Wire Gauge (wire diameter)

—
N
—
(€))
N
N

®

@ HEEN
@ —
® M
@ N -
@
® ——

©

1.628 MM
1.024 MM
0.812 MM

1.291 MM
0.644 MM
0.405 MM

The smaller the number - the thicker the wire.
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Wire Gauge & Risk of Fire

® Thicker wire will carry more current (amps)
* |f wire is too small for the current it gets hot
¢ |f way too small it will catch fire

Use a Wire Ampacity
Table to determine
correct wire size for
current in your circuit.

ote of Pacific Yaggystems, Inc.

WWW.pysystems.ca
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Wire Gauge & Voltage drop

® All wire has some resistance
® Can be a problem in 12 / 24 VDC circuits
® Longer the wire -> more the resistance
Result is voltage drop -> device will might NOT work
® Thicker wire has more copper - less friction

® Easily calculated with Wire Voltage and Amperage
Table

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Wire Ampacity & Voltage Table

U.S. Coast Guard regulation requires all ungrounded current carrying conductors (except the starting circuit) to be protected with a circuit breaker or a fuse.

CIRCUIT TYPE CURRENT FLOW IN AMPS

0, 0,
Ak ton (38
oror  Critical | orr  Critical| 5A 10A 154 20A 25A 30A 40A 50A 60A 70A 80A 90A 100A 120A 150A 200A
16 14 14
0 to 20 ft 0 to 6 ft AWG AWG AWG 10 3 6 6 6 4 4
AWG AWG AWG AWG AWG AWG
30 ft w0 | A F - - aWa
10 8 8 4
50 ft 15 ft 10 AWG AWG AWG 6 4 AWG 2 2
14 AWG 8 AWG AWG AWG AWG
85 ft 20 ft AWG AWG 6 4 2 2
0 ¢ AWG AWG AWG AWG 1 1
T 80 ft 25 ft AWG 8 AWG 4 AWG AWG
= AWG 6 AWG 1 1 0 0
e 100 ft 30 ft AWG 4 2 AWG I AWG AWG AWG
= s AWG AWG 0 0 2]o 2lo
= 130 ft 40 ft AWG 4 2 AWG AWG AWG AWG
o 165 ft 50 ft 10 6 AWG AWG 1 2|0 3lo 3lo
AWG AWG 4 2 AWG AWG 3lo AWG AWG
— AWG AWG 1 0 AWG 4l0
— 200 ft 60 ft 6 AWG AWG 3lo 4lo AV{IG
- AWG 2 AWG AWG
T) 70 ft 4 AWG 1 0 2|0 4|0
o 8 AWG AWG AWG AWG AWG
= 80 ft | [N > 5
90 ft i ik
1 2]o 3lo
AWG 0 AWG AWG
100 ft 4 AWG
AWG 2
110 ft 6 AWG
AWG 1 0
120 ft AWG AWG 210 A3v|v2; :\:L%
2 AWG
130 ft AWG

Although this process uses information from ABYC E-11 to recommend wire size and circuit protection,
it may not cover all of the unique characteristics that may exist on a boat. If you have specific questions about your installation please consult an ABYC certified installer.

© Copyright 2010 Blue Sea Systems Inc. All rights reserved. Unauthorized copying or reproduction is a violation of applicable laws.




~ Voltage DropW

Example: Anchor Light

' Anchor Light

Wire Run Length
5 amps

To: 10 + 40 (positive)
From: 40 + 10 (negative)

Total = 100 ft

_ T

Created by Jeff Cote of Pacific Yacht Systems, Inc.
WWwWw.pysystems.ca



Wire Ampacity Table

U.S. Coast Guard regulation requires all ungrounded current carrying conductors (except the starting circuit) to be protected with a circuit breaker or a fuse.

CIRCUIT TYPE CURRENT FLOW IN AMPS

0, 0,
A% MNon 135
oror  Critical Joror Critical| 5A 10A 15A 20A 25A 30A 40A 50A 60A 70A 80A 90A 100A 120A 150A 200A
16 14 14
0 to 20 ft 0 to 6 ft AWG AWG AWG 10 3 6 6 6 4 4
14 10 AWG AWG AWG AWG AWG 4 AWG AWG
30 ft 10 ft A%A?G AWG AWG AWG
10 8 8 4
50 ft 15 ft 10 AWG AWG AWG 6 A‘:’G AWG 2 2
14 AWG 8 AWG AWG AWG
85 ft 20 ft AWG AWG 6 4 2 2
5 ¢ AWG AWG AWG [ AWG 1 1
T 80 ft 25 ft AWG 8 AWG 4 AWG AWG
= AWG 6 AWG 1 1 0 0
e 100 ft 30 ft AWG 4 2 AWG I AWG AWG AWG
= - ” 3 AWG AWG 0 0 2|0 2|0
130 ft 40 ft AWG 4 2 AWG AWG AWG AWG
(11) AWG AWG 1 2|0 3|0 3lo
10 6
= 165 ft 50 ft AWG AWG 4 2 AWG awc I 3|0 awe JIl AwG
[ AWG AWG = . AWG il
— 200 ft 60 ft 6 AWG AWG 3lo 4lo AVIVG
= 70 ft i 2 i S
(&) 4 AWG 1 0 2]o 4lo
m 8 AWG AWG AWG AWG AWG
= 80 ft | [N 5 it
90 ft i ik
1 2]o 3lo
AWG 0 AWG AWG
100 ft 4 AWG
AWG o q
1ore | [ - Correct Wire Size
AWG 1 0
120 ft ™ By M EY KR 12 AW
2 AWG
130 ft AWG

Although this process uses information from ABYC E-11 to recommend wire size and circuit protection,
it may not cover all of the unique characteristics that may exist on a boat. If you have specific questions about your installation please consult an ABYC certified installer.

© Copyright 2010 Blue Sea Systems Inc. All rights reserved. Unauthorized copying or reproduction is a violation of applicable laws.
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Fuses - to protect wires

® Wires can catch fire with too much current
Short circuit
Too small wire for load

® The fuse becomes the WEAK LINK in the wire
designed to blow first
protects the wire

® Locate the fuse close to the power source

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Fuses - to protect wires

Fuses come in many styles and amp ratings
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Continuity (Ohms) Test

Testing a fuse is easy!

; Set meter to
__"__ continuity symbol

I
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Continuity (Ohms) Test

Testing a fuse is easy!

; Set meter to
__"__ continuity symbol

o X
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Fuses and Circuit Breakers

e Safety reminder
Prevents fire
Prevents electrocution
Safeguards critical equipment

® Electrical kill switch
® Breaks connection

“\. W
Created by Jeff Cote of Pacifft !acht Systems Inc.
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Maximum Amperage Rating

- Outside Engine Room

Inside Engine Room

Fuse Selection Guide

.25A to 30A
SINGLE  BUNDLED
WIRE WIRES

ot e

e

1A to 30A

SINGLE
WIRE

A

- 30A—|

BUNDLED
WIRES

30A to 80A
SINGLE BUNDLED
WIRE WIRES

30A to 200A
e

MRBF®
TERMINAL
Fuse
30A to 300A
SINGLE BUNDLED
WIRE WIRES

CLASS T
Fuse \Q

S

100A to 300A | 225A to 400A | 35A to 750A
SINGLE ~ BUNDLED | SINGLE  BUNDLED SINGLE  BUNDLED
WIRE WIRES WIRE WIRES WIRE WIRES

® 68

z
=®
o

> 5 > >
Emo O
o (=) (=)

Although this process uses information from ABYC E-11 to recommend wire size and circuit protection,
it may not cover all of the unique characteristics that may exisl cn a voat. If you have speciiic questions about your installation please consult an ABYC certified installer.

© Copyright 2010 Blue Sea Systems Inc. All rights reserved. Unauthorized copying or repreduciion is a viofation of applicable laws.

Additional replacement NI
fuses available from |k

1A to 10A

Blue Sea Systems: AGA® 20A
il 5A to 30A
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Fuse located near battery

Created by Jeff Cote of Pacific Yacht Systems Inc.
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Fuse close to appliance

Created by Jeff Cote of Pacific Yacht Systems Inc.
WWW.pysystems.ca



Two wire sizes, fuse for each wire
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Two wire sizes, large fuse only

Created by Jeff Cote of Pacific Yacht Systems Inc.
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- Fuse & CircuitW

Installation Tips

® Size to handle load and wire gauge
IMPORTANT: Avoid nuisance tripping

® Disconnect “turn off” load before swapping fuse
® Use cover to protect positive (energized) post
® Carry spare fuse near fuse holder

® Choose thermal breaker when:
Recommended by manufacturer
Use a switch
Trip possibility (e.g. motors: water pump, windlass, etc...)

Created by Jeff Cote of Pacific Yacht Systems Inc.
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Troubleshooting

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Trouble Shooting Theory

® Requires a basic understanding of the circuit
®* What are the components that could fail?

® Requires a logical and methodical approach
® |t is usually NOT the device that has failed

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Eliminate the Obvious

® |t is the battery switch turned on?

® |s the main breaker panel switch turned on?

® |s the branch breaker to the device turned on?
® |s the switch on the device itself turned on?

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Trouble Shooting Theory

® If no luck, start working through the circuit

e Typical problems on boats:
No power or not enough power to device
Battery voltage has dropped too low
Corrosion on terminal or connector
Broken wire or loose connector
Short circuit from chafed wire
Blown fuse or breaker - fuse may be hidden

® Use your meter to test the entire circuit in sequence

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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- Typical NMEA 0183 Network

NMEAD183 MMEADIR3

NMEAD183
To PC or Mac

NMEAD1S3
To Auto Pilot

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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N2K Network Diagram

Chartploter

: Marine instrument
inteligent transaucer

igrition or

in<ine swich

\ Fuse
° oL

+ —
Battery - 12 Vdc

i
h
i

rop cable

Power cable =
Female

terminator
; Maie

ferminator

} NMEA 2000 backbone {

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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DSM200 - Multifunction DSM200 - Multi-function
Graphical Display GPS100 - GPS Antenna/Receiver SSC200 - Solid State Compass Graphical Display

950 —
53>

4 2 !

)+

H ‘-‘-oz WAl RS
Micro Double-ended Micro Double-ended Micro Doubde-ended Micro Double-ended
Cordset Cordeet  pcro Powertap Tee ‘ Cordset L Cordset

Micro Tee Micro Tee
Fleld Attachable Field Attachable Field Attachable Field Attachable Field Attachable Field Attachable
Connectors Connectors - Connectons Connectors — Connectors Conneclors
- v v v v - v v v v - v v v v -
e s FOTEL HUIH L o Ui HETHL G s &) s SN A W =HEHL ) E
—_— | -
Micro Micro Bulk Cable Ed Micro Bulk Cable Micro Bulk Cable Micro Bulk Cable Micro Bulk Cable Fi Micro Bulk Cable Micro
Terminator o = Yerménator
Resistor Micro Tee Micro Tee | Rosistor
Fower

Micro Tee { 2, Nicro Tee

Micro Double-ondod
Cordset

DST100 - Depth, Spoed, e “
———e Temperature Transducer ‘ l
IR, (includes 2 meter cord) : =

.’ USB100 - NMEA 2000 /USB Gateway

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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N2K & Ethernet Connectivity

L oees

Garmin Marine Network
——  NMEA 2000
—  Direct Connection

3

€

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Conceptual Diagram: Chartplotter (MFD)

GARMIN

N2K GPS

Instrument

CONFIDENTIAL

© All Rights Reserved, PYS 2018

Chartplotter (MFD)

Switch

Chartplotter (MFD)

Tech | Jeff Cote

Pacific Yacht Systems

Web | www.pysystems.ca

Y2 GARM

Radar

Sounder A

Transducer

E | solutions@pysystems.ca




Mid-Size Nav System
Raymarine Classic

L J o 4 — Networked £-Serfes Displ
J A ) SeaTalkin
Network Switch
SeaTalk Autopdot & Instruments

J_ J.‘ ¥)*~A)\rk (k“;/ Q T -

-

| = - Digital Scunder Module
’ NMEA 01812000

Created by Jeff Cote of Pacific Yacht Systems, Inc.
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Mid-Size Nav System
Garmin Example

armin Marine Networ
NMEA 2000
Video cable

g! ! Transducer
_‘ VHF® 200 GHS" 10 *
GC™ 10

I A%
GHP Reactor™ Autopilot
Hydraulic Corepack with SmanEump A'S 600

!
:

I
: : I\
GMI” 20 x2 GHC" 20  GPS™ 19x

~ <P

Transducer

GMR™ 424 xHD2




Large Nav System Furuno-Example

B O R WMo -
sunuNe -

TUNA TOWER

Satellite Compass
SC-30

Radar Sensor
DRS12A

GPS/VHF Antenna
GVA-100

Inmarsat
Antenna

Power Supply Unit
PSU-012
Autopilot Instrument

Multi Touch Monitor*
NAVpilot-711C FI-70

Ethernet hub
HUB-101

Junction Box

Inmarsat Fleetbroadband IP Camera*
Processor FI-5002 FELCOM250
Unit
FAP-7002

[~ zom
e
12.2

Fusion Marine Audio*

o= ]

Autopilot Instrument  Instrument Multi Touch Monitor* Multi Touch Monitor*
NAVpilot-700 FI-70 FI-70
Swtich Box Swtich Box
Heading Sensor NavNet TZtouch NavNet TZtouch NavNet TZtouch
PG-700 TZTBB TZT88B TZTBB
Ethernet hub
- Junction Box HUB-101

FI-5002

Network
Fish Finder
DFF1-UHD

AIS Transponder
FA-50

Broadband

‘_ Transducer
* Local supply -

B265LH/CM265LH



DC Conceptual Overview

Conceptual Diagram - DC Overview

DC Panel

; ‘ ) =

Fuel Cell

. Service

Disconnect

-

Inverter

Isolator

Windlass, Thruster, Etc...
Combiner
DC Gen,
Wind Turbine )

Solar
Controller

il )
= WP W
&3 L3 P § ;‘.'

Un-Switched Dist ’ Switched Dist

Alternator
« Bl
U g B
Charger

Switch

Pacific Yacht Systems

Tech | Jeff Cote Web | www pysystems.ca E | solutions@pysystems.ca
House Battery | |

WWW.pysystems.cCa




Charger :
Conceptual Diagram

Design: Charger Application

Switched Loads
(DC Panel, Windlass, etc..)
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Inverter & Inverter/Charger
- Conceptual Diagram

Design: Inverter Application
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Alternator
Conceptual Diagram

Design: Alternator Applications

Standard Alternator Wiring Improved Alternator Wiring
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Design: External Regulator Application
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Solar
Conceptual Diagram

Design: Solar Array Applications
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Methanol Fuel Cell
Conceptual Diagram
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AC Gen & DC Gen
Conceptual Diagram

Design: AC Generator Vs DC Generator Applications
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Battery Combiner
Conceptual Diagram
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Battery Isolator
Conceptual Diagram

Design: Battery Isolator Application
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Battery Monitor
Conceptual Diagram
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AC Conceptual Diagram

Conceptual Diagram — AC Overview
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Galvanic Isolator
Conceptual Diagram

Conceptual Diagram: Galvanic Isolator Applications
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