
Introduction to Motor Vehicle Electrics

Fundamental concepts, main components, and basic troubleshooting techniques.

1. Why Electrical Systems Matter in Vehicles

Reason What It Affects

Power delivery to accessories Lights, radio, climate control, power seats

Engine management Fuel injection, ignition timing, emission controls

Safety systems ABS, airbags, stability control, parking sensors

Diagnostics On?board diagnostic (OBD) codes, fault detection

2. Core Electrical Concepts

Concept Definition Typical Vehicle Value

Voltage (V) Electrical potential difference 12?V (most passenger cars)

Current (A) Flow of electrons 0.5?A–150?A depending on load

Resistance (?) Opposition to current flow
Varies with wire gauge,

connectors

Power (W) Rate of energy use (P = V × I)
Headlamp ? 55?W, starter ? 1?

kW

Ground

(Chassis)
Common reference point for the circuit

All metal body parts (negative

side)

Battery polarity
Positive (+) = red, Negative (–) =

black/ground
Critical for correct connections

3. Main Electrical Sub?Systems

Sub?System Primary Function Key Components

Battery & Charging
Stores and supplies DC power;

recharges while engine runs

Lead?acid battery, alternator, voltage

regulator, wiring harness
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Sub?System Primary Function Key Components

Starting System
Cranks the engine to start

combustion

Starter motor, solenoid (relay),

ignition switch, heavy?gauge cables

Lighting Provides visibility & signaling
Headlamps, tail lamps, turn signals,

bulbs/LED modules, relays

Ignition & Engine

Management

Controls spark timing & fuel

delivery

Coil packs, ignition control module,

ECU, sensors (TPS, MAP, O?)

Accessory Power
Operates comfort & convenience

items

Fuse box, relays, switches, sockets,

climate control unit

Safety & Driver?

Assist

Protects occupants & improves

control

ABS module, airbags, ESP, parking

sensors, cameras

Communication

Networks

Exchanges data between

modules

CAN bus, LIN bus, wiring harnesses,

connectors

4. Typical Wiring Layout

Battery (+) ??> Fuse Box ??> Main Relays ??> Sub?

circuits (lights, accessories)

Battery (–) ??> Chassis ground ??> All modules (common return path)

Fuse Box – protects each circuit; fuse rating matches maximum expected current.

Relays – act as remotely controlled switches; reduce load on control switches.

Ground Points – clean, paint?free metal surfaces; often bolted to the frame or engine

block.

5. Common Electrical Symbols (quick reference)

Symbol Meaning

———— Straight wire

? Ground (chassis)

? with a line Battery negative

+ Battery positive

? with a plus inside Fuse
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Symbol Meaning

? with a coil Relay coil

? Diode (arrow points in direction of conventional current)

? Battery (12?V)

6. Basic Diagnostic Procedure

1. Visual Inspection
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