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TABLE OF CONTENTS

1. SCDPE ...ttt e et e e e s n e e e e e e s s nnnnrneeeee e s s 2
2. RERERENGCES.......cooiiiiiiii e o ettt e e e s e e e e e e e s s ssnrnneeee e e s s 2
3. DERINITIONS ..ot et rrnre e e e s e 2
4, DESCRIPTION OF SYMBOLS AND SYMBOL CONSTRUCTION ......cccveiiiiniiiiiiinnen i, 3
5. SYMBOL LABELS. i . et 4
6. DIMENSIONS.AND PROPORTIONS ...t snneee e e e 5
7. LIST OR;SYMBOLS IN ALPHABETICAL CATEGORIES.......ccocooiiiiiiiiieeeniieeeee e, 5
8. REVISIONS ...t e e e et e e e e e s e e et e e e e e s s b ra e et e e e s s s sanrnneeeee s 32
9 NOTES oot e e e et e e e e e oo et e e e e e s e e et e e e e e e et e e e s e e e e 32

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2014 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: ~ Tel:  877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: — 724-776-0790 http://www.sae.org/technical/standards/J2221 201408
Email: CustomerService@sae.org

SAE WEB ADDRESS: http:/lwww.sae.org


http://www.sae.org/technical/standards/J2221_201408
https://saenorm.com/api/?name=52064951e2fdadccbfbca268f6ca0b2a

SAE INTERNATIONAL J2221 Revised AUG2014 Page 2 of 32
FIGURE 1 FUNDAMENTAL SYMBOL CHARACTERS ASSEMBLED TO FORM SYMBOLS

THAT DEPICTS A PHYSICAL COMPONENT ... 3
FIGURE 2 ORIENTATION OF SYMBOL CHARACTERS...... .ottt 3
FIGURE 3 ENCLOSURE WITH SYMBOL CHARACTERS ...ttt 4
FIGURE 4 SYMBOL CHARACTER WITH TERMINALS ...ttt 4
FIGURE 5 SYMBOL CHARACTER WITH ADDITION OF INTEGRAL-TRANSIENT SUPPRESSION RESISTOR...... 4
FIGURE 6 SYMBOL CHARACTER WITH TERMINAL IDENTIFICATION ....cooiiiiiiiiiie et 4
FIGURE 7 CAPACITIVE DEVICES ... ..ttt ettt e e e e s s bbb e et e e e e s s s raae e e e s 5
FIGURE 8 CONDUCGTORS ...t e et e e e e e e s et e e e e e s s et b e et e e e e e s s bbb e et e e e e s e nabrnneeeee s 6
FIGURE 9 CONNECTIONS . ...ttt e e s s et e e e e e s s e et e e e e e s s bbb r e et e e e e s s snrrnneeeee s 7
FIGURE 10 ENCLOSURES ..o e e s s e e e e e e s s s a e e e e e s s s e aae e e e s 7
FIGURE 11 GROUNDS ... e e e e e e s s s e et e e e e s s s bbb e e e e e e s e s aae e e e s 8
FIGURE 12 INDUCTIVE DEVICES ..o e s re e e e e e s 10
FIGURE 13 LIG S T e 11
FIGURE 14 MISICELLANEOUS ELECTRONIC DEVICES .......cooiiiiiiieinieeeenreeeenreeee e e 13
FIGURE 15 PRQTECTION DEVICES.......coii it se e 14
FIGURE 16 RESISTANCE DEVICES ......ooiiiiiiiiiiiiieiee e e et e 15
FIGURE 17 SEMICONDUCTOR DEVICES ......ccoiiiiiiiiieeie et e e 16
FIGURE 18 SIMPLIFIED INPUTS AND OUTPUTS ....ooiiiiiiiiiiiiieeeeee e e 17
FIGURE 19 SWITCHES ...l 18
FIGURE 20 CARACITIVE DEVICE EXAMPLES.......ccciiiiiiiiiiiiieeerieee sttt o 19
FIGURE 21 GROUND EXAMPLES. ...y s e rneeee e e 19
FIGURE 22 INDUCTIVE DEVICE EXAMPLES ... e e 22
FIGURE 23 POWER SOURCE EXAMPLES........ccooiiiin G e 23
FIGURE 24 PROTECTION DEVICE EXAMPLES..........ooiiiii S i, 24
FIGURE 25 REUAY EXAMPLES ..ot 1000 e e e e e e e e e e e s 27
FIGURE 26 RESISTANCE DEVICE EXAMPLES ......cooiiiiie N e e 29
FIGURE 27 SEMICONDUCTOR DEVICE EXAMPLES....... o e 29
FIGURE 28 SWITCH EXAMPLES ...ttt ettt e s e s e e s e e e e 32
1. SCOPE

This SAE Recomm
troubleshooting elec

2. REFERENCES
Additional standardg
International Electro

American National §

ended Practice identifies graphic symbols used in electrical circuit diagrams
rical systems.

available for refefence:
echnical Cammission (IEC) 60617-Graphical Symbols for Diagrams

tandards Institute (ANSI) Y32.2

3. DEFINITIONS

3.1

CLEAN GROUND

A low impedance ground point isolated to reduce transient noise from the electrical circuit.

3.2 ELECTRICAL

CIRCUIT

The symbols aid

An electrical circuit includes all of the components and connecting cables, starting from the electrical energy source, going
through the functional component(s) and the return route.

3.3 ELECTRICAL

CIRCUIT DIAGRAM

A drawing using standardized symbols to depict the relationship and interconnections of components and conductors of

an electrical circuit.
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3.4 FUNCTIONAL NAME

A name of a component or device that describes the action or purpose of the component or device.

3.4.1 Example -- GROUND

An electrical conductor with a relative zero potential used as the return for an electrical circuit(s).

3.5 SEPARABLE

Used to describe a terminal or connector which can be separated, disjoined or disconnected.

3.6 SYMBOL
The graphic depictio
3.7 SYMBOL CHA

A fundamental elem
4. DESCRIPTION

This document useg
form symbols that

h of a device.

RACTER

bnt used to construct a symbol.

DF SYMBOLS AND SYMBOL CONSTRUCTION

a building-block approach to construct symbols. Fundamental symbol charactg
lepict physical components. Components are shewr installed on a fully opd

quiescent state: engine and key off, shifter in neutral, and engine.cold. The following example

characters can be cq

EXAMPLE: A single
(see Fig

FIGU

Symbols and symbg

mbined to depict an actual vehicle device.

Lpole relay or contactor consists of three main‘elements, a separate symbol charg
ure 1):

Coil

Movable Contact

Linkage

RE 1 - FUNDAMENTAL SYMBOL CHARACTERS ASSEMBLED TO FORM SYM
THAT DEPICTS A PHYSICAL COMPONENT

| Characters can be positioned and oriented in the attitude that best conveys cird

rs are assembled to
rable machine in a
shows how symbol

cter can depict each

BOLS

uit information. The

symbol characters are usualty positioned 1M a cause-and-effect Sequence (feftto-right—or top-to-bottom) to convey
functional inter-relationships (see Figure 2):

=

FIGURE 2 - ORIENTATION OF SYMBOL CHARACTERS
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A relay for vehicle applications is protected by an integral enclosure, which is graphically depicted by a rectangular box

symbol character. Adding the enclosure symbol character results in the following symbol (see Figure

=

FIGURE 3 - ENCLOSURE WITH SYMBOL CHARACTERS

3):

A vehicle relay includes terminals for connection to related circuit wiring. Symbol characters can be added to depict plug-

in or threaded terminals. An enhanced relay symbol results (see Figure 4):

FIGURE 4 - SYMBOL CHARACTER WITH TERMINALS

To depict a relay wjth an integral transient-suppression resistor, the resistor symbol character can
result (see Figure 5)

HGURE 5 - SYMBOL CHARACTER'WITH ADDITION OF INTEGRAL-TRANSIEN
SUPRRESSION RESISTOR

5. SYMBOL LABELS

Symbols may includg labels to depict identification information, including:
Functional Name
Rating

Terminal markings
Operating notes

be added, with the

If the actual vehicle Juses symbols to identify devices or terminals, those identifying symbols should

be included with the

device symbol on the electrical circuit diagram.

For example, labels for a relay can be depicted as follows (see Figure 6):

o Q
85 30 ] STARTER
RELAY
86 g7] e7A
[o] [+]

FIGURE 6 - SYMBOL CHARACTER WITH TERMINAL IDENTIFICATION


https://saenorm.com/api/?name=52064951e2fdadccbfbca268f6ca0b2a

SAE INTERNATIONAL J2221 Revised AUG2014 Page 5 of 32

6. DIMENSIONS AND PROPORTIONS

Consistent symbol proportions insure consistent recognition and interpretation by technicians. This document depicts
symbol characters and symbols to a uniform scale. The symbol characters should retain the same size when used to
construct a symbol and electrical circuit diagrams. If size must be altered, change all symbols by the same scale to retain
their proportions and relative sizes.

Spacing between symbols should be based on a grid. As examples, the grid could be 6 mm, 7 mm, 8 mm, or the
standard used by a manufacturer.

7. LIST OF SYMBOLS IN ALPHABETICAL CATEGORIES

7.1 Symbol Characters

7.1.1 Capacitive Devices

See Figure 7.

Nameg Symbol Character Notes
Capacitor:
Non-Polarized

Capacitor:
Polarized

-

FIGUREJZ- CAPACITIVE DEVICES
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7.1.2 Conductors
See Figure 8.

Name Symbol Character Notes
Conductor:
Path Shown
Completely
Conductor:
Path Shown | @ Depicts conductor with

one or more splices or

Incomplete Tophnections not shown
Conductors:
Crossing Avpid depicting

(not connected)

Crd

ssing conductors

that could be mistaken
forjconnections
Conductors:
Connected Avpid depicting
cohnections that could

be
crdg

mistaken for
ssing conductors

(applicable only to

elg

ctrical conductors)

Conductor: Cogtinued
on Same Diagram

Us
en
dig

e annotations to link
s within same
gram

Conductor: Continued
on a Separate
Diagram

Us

e annotation

(optional) to identify

titl
co

p of diagram where
hductor continues

Conductor: Fibe
Optic

-

D

ta transmission or

illumination

tr

smission

Conductor: Shielded

Conductor: Shielded
Twisted Pair

FIGURE 8 - CONDUCTORS
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7.1.3 Connections
See Figure 9.

Name Symbol Character Notes

Female Terminal
(Separable)

Terminal label optional

Male Terminal
(Separable)

Terminal label options

Mechanical Linkage

Rotation-Flexiblie
Conductor

Sometimes named
“clpckspring” in
stgering wheel airbag
applications

Screw Terminal

o
Slip Ring and Bfush
Splice
o Splice diameter to be

depicted three (3)
tinjes width of
copductor (minimum)

7.1.4 Enclosures

See Figure 10.

FIGURE 9 - CONNECTIONS

Name Q\Jlmhnl Character Notes
Component
Circular enclosure
often used for gauges,
etc.
Component:
- - —— Circular enclosure
g‘gf%:l%l(ie or | | / N\ often used for gauges,
| | ( etc.
| | \ /

FIGURE 10 - ENCLOSURES
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7.1.5 Grounds

See Figure 11.

Name Symbol Character Notes

Ground: General
Purpose —

Ground: Clean

Specific electronic
ground connection.
= Isolated from high

current and inductive

fogds
FIGURE 11 - GROUNDS
7.1.6  Inductive Dgvices
See Figures12.
Name Symbol Character Notes
Coil [Inductor]
(Version 1) Depict all coils in a

diggram with the same
symbol character

ve[sion

Coil [Inductor] with

core

(Version 1)

Coail _
Applications
Dgpict all coils in a
diggram with the same
symbol character
ve[sion

Horn

Motor, General

;
;
—
C
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Name

Symbol Character

Notes

Motor, Two-Speed

©

Motor, Reversible

&

Motor, Stepper

O,

Solenoid Valve
(Version 1A)

H

Symbol character

ind

ludes:
Fluid portion

Version 1 coll
symbol character

Solenoid Valve
(Version 2A)

-

Fofr Worldwide
applications. Symbol
character includes:

Fluid portion

Version 2 coll
symbol character

Solenoid Valve
(Version 1B)

Symbol character
includes Version 1

coil symbol
character
Solenoid Valve
(Version 2B) For Worldwide
| / | Applications.

Symbol character
includes Version 2
coil symbol
character

Symbol Character
does not depict
fluid portion
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Name Symbol Character Notes
Speaker
Pump
/ﬁ\ VZAN
NI,
FIGURE 12 - INDUCTIVE DEVICES
7.1.7 Lighting DeVices
See Figure 13.
Name Symbol Character Notes

Bulb, Single File

xment

Sy
de
ted

mbol character
picts incandescent
hnology

Bulb, Single Filament Alternative

Bulb, Dual Filament Symbols character
depicts incandescent
teghnology

Lamp, LED

w0 & &

b

nbol character

depicts:

Single or multiple
LED junctions

All related internal
current-limiting
circuitry within
lamp



https://saenorm.com/api/?name=52064951e2fdadccbfbca268f6ca0b2a

SAE INTERNATIONAL J2221 Revised AUG2014 Page 11 of 32

Lamp, Flashing

Bulb, Fluorescent

D D

FIGURE 13 - LIGHTING DEVICES
7.1.8 Miscellaneolis Electronic Devices

See Figuresl14.

Name Symbol Charactet Notes

Sensing Device

T

Pressure Sensing
Device

Thermal Sensinp

Magnetic Sensing
Device

N
e

Antenna

Buzzer For Worldwide

Applications.
- —E:l Symbol depicts
electro-mechanical
hd technology
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Name

Symbol Character

Notes

Clock
(Analog or Digital
display)

Symbol character
depicts clock with 3
leads:

e Some clocks use
different quantities
of leads

e Depict with actual
number of leads
involved

Gauge

Symbol character

depicts gauge with 3
legds:

¢ |Some gauges use
different quantities
of leads

e |Depict with actual
number of leads
involved

e [Label gauge to
identify where
parameter is
sensed, if
applicable (ex:
Coolant)

Oxygen Sensor

N
™

Piezoelectric Cqg

—
Probe: Liquid Level
Symbol character
depicts conductive
technology
Thermocouple
7

Timer (Electronic or
Mechanical)

e Symbol character
depicts timer with 3
leads:

e Some timers use
different quantities
of leads
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Name Symbol Character Notes

e Depict with actual
number of leads
involved

e Operates an
output device

FIGURE 14 - MISCELLANEOUS ELECTRONIC DEVICES
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7.1.9 Protection Devices

See Figure 15.

Name

Symbol Character

Notes

Fuse

Symbol character
depicts plug-in
construction

Circuit Breaker

¢ [ Symbol character
depicts plug-in
construction

¢ [ Operating details
(Type 1, 2, or 3)
not to be depicted

graphically
FIGURE 15 - PROTECTION DEVICES
7.1.10 Resistance Devices
See Figure 16.
Name Symbol Character Notes

Heater Element

Photoresistor

=
2

Potentiometer

-]

Potentiometer

Alternative
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Name Symbol Character Notes

Resistor:
Fixed

Resistor:

Variable
(Version 1)

Resistor:
Variable
(Version 2)

FIGURE 16 - RESISTANCE DEWCES
7.1.11 Semicondudtor Devices

See Figure 17.

Name Symbol Character Notes
Diode
* Gdneral purpose
Fiber Optic
Receiver {—
Fiber Optic

Transmitter —}

Hall Effect Device

LED (Light Emitting

Diode) @ Symbol character
includes:

e Multiple junctions

e Current-control
circuitry
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Photodiode

Transistor:
NPN

& &

Transistor:
PNP

Al
>

Zener Diode

Zener Diode:
Dual

—— |

FIGURE 17 - SEMICONDUCJ@GR DEVICES
7.1.12 Simplified Inputs and Outputs

See Figure 18.

Name Symbol Character Notes
Input:
Power | e [ Label with source
name (optional)
Input:

Label with signal
name (optional)

Pulled-Down

Input:
Pulled-Up e Label with pull-up
voltage and signal
name (optional)
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Name

Symbol Character

Notes

Data Line

Label with data
line name
(optional)

Output:
Reference Volt

e

Label with source
voltage (optional)

Output:

Sinking Label with output
name (optional)

Output:

Sinking Label with output

(pulsed signal)

name (optional)

Output:

Sourcing Label with output
name (optional)

Output :

Sourcing Label with output

(pulsed signal)

name (optional)

Signal:
Pulsed

Lk e

FIGURE 18 - SIMPLIFIED INPUTS AND OUTPUTS
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7.1.13 Switches

See Figure 19.

Name

Symbol Character

Notes

Contact:
Closed
(General Purpose)

Symbol character
depicts single pole
switch with a
maintained contact

? o

Contact: Symbol character
Closed depicts single pole
(Momentary) switch with a

miomentary open

A position

Contact:
Open Symbol character

(General Purpose)

depicts single pole
switch with a
intained contact

Contact:
Open
(High Current)

Slmbol character
depicts a single pole
contact

Contact:
Open Tiiangular open
contact signifies a
(Momentary) mianually-actuated
ZP momentary position
Contact:
Momentary A Shape signifies a
- switch position that
Position cdn be momentarily
mianually-actuated
Switch:

Double-Throw

Symbol character
depicts a single pole

Switch:
Multi-Position

o?

Symbol character
depicts a single pole
3-position switch

FIGURE 19 - SWITCHES
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7.2 Symbol Examples

Examples of symbols constructed from several symbol characters:

7.2.1 Capacitive Device Examples

See Figure 20.

Name

Symbol Character

Notes

Capacitor:

Example includes:

By-Pass

Female terminal

e | Pigtail lead

Case ground

7.2.2 Ground Examples

See Figure 21.

FIGURE 20 - CAPACITIVE DEVICE EXAMPLES

.Name

Symbol Character

Notes

Ground:
Clean, With Wires

Example includes:

2 wires connected
through a junction
connector to a

clean ground point

e | 2 additional wires
connected to the
clean ground point

Ground:
Enclosure

Ground:
General Purpose, With
Wires

Example includes 3
wires connected to a
general purpose
ground point

FIGURE 21 - GROUND EXAMPLES
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7.2.3 Inductive Device Examples

See Figures22.

Name Symbol Character Notes

Coil:
With Integral Example includes:
Terminals /g‘

e Core

»  Version 1 coll

N symbol character

Coil:

m

Horn:

symbol character
Terminals Q

Motor:

Stepper

Terminals)

Ignition xample includes:
¢ | Single-ended
secondary
o | Version 1 coil
with Pigtail N

(with Integral ‘

Motor:

Windshield Wipgr
(Version 1)
M —

m

kample includes:

Integral terminals

Integral relay

e Version 1 coil
symbol character

Motor:

Windshield Wiper ;or Ygg['lg\r,\vsidé .
. | I X
(Version 2) in[c):Ipudes: P

¢ Integral terminals

¢ Integral relay

e Version 2 coil
symbol character
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Name Symbol Character Notes
Solenoid: .
with Case Ground and \Elxamp'el'”c'}lldes ol
H ersion 1 coll symbo
Threaded Terminal character

Solenoid Valve:

Complete /5 Example includes:
X +1 Integral terminals
\é ¢| Version 1A

Solenoid Valve
symbol character

Horn: _

with Suppressign N Example includes

Diode pigtail terminals

Motor:

with Integral Ekample includes

Circuit Breaker integral terminals

Motor:
with Integral
Terminals

] s
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Name

Symbol Character

Notes

Motor:

with Integral Switch

Example includes
integral terminals

Motor:
Starter
(with Starter So

enoid)

o
o

m

kample includes:

Internal details
Threaded terminals

Version 1 coil
symbol character

High current switch
symbol character

Circular motor
enclosure

Speaker:
With Pigtail
Terminals

T

\

FIGURE 22 - INDUCTIVE DEVICE EXAMPLES
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7.2.4 Power Source Examples

See Figure 23.

Name Symbol Character Notes
Alternator:
accordingly (optional)
Alternator:
Example 2 Example includes:
e | Internal details
¢ | Threaded power
terminals
e | Integral signal
terminal
e | Circular enclosure
Battery: e includ
Version 1 0 Example includes 6-
ersio L eélls (for nominal 12-
— volts)
?—
O
Battery:
Version 2 (o) (@) Version 1 rotated to
- Ll + accommodate
| | | | | diagram layout

FIGURE 23 - POWER SOURCE EXAMPLES
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7.2.5 Protection Device Examples

See Figure 24.

Name Symbol Character Notes
Circuit Breaker:
With Threaded (@] For Worldwide
Terminals * Applications
e Operating details
(Type 1, 2, 3) not
depicted
© graphically
Circuit Breaker:
Type 2 (0] Example includes:
¢ | Heater element to
maintain high-
resistance circuit
until self-reset after
o power removal
o | Plug-in
construction
Circuit Breaker:
Type 3 * Example includes:
I_I ¢ | Manual reset
o | Plug-in
construction
Fuse:
With Threaded o
: *
Terminals
(@)

FIGURE 24 - PROTECTION DEVICE EXAMPLES
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7.2.6 Relay Examples

See Figures?25.

Name

Symbol Character

Notes

Relay:
With Suppression
Resistor

(Version 1)

Example includes:

e Threaded
terminals

| Version 1 coil
symbol character
(depict all relay
coils alike in a
diagram)

Relay:

With Suppressiq
Resistor
(Version 2)

A4

n

ForlWorldwide Applications

Expample includes:

e | Threaded
terminals

¢ | Version 2 coil
symbol character
(depict all relay
coils alike in a
diagram)

Relay:

With Suppressic
Diode

(Version 1)

A4

n

Example includes:

e | Threaded
terminals

e [ Version 1 coil
symbol character
(depict all relay
coils alike in a
diagram)

Relay:

With Suppression
Diode
(Version 2)

For Worldwide
Applications

Example includes:

e Threaded
terminals

e Version 2 coil
symbol character
(depict all relay
coils alike in a
diagram)
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