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Hybrid and Electric Vehicle Safety Systems Information Report

RATIONALE

This report for first and second responders is intended to address concerns about electric vehicle propulsion technology.
These topics include the possibility of human contact with high voltage, potential fire hazards, and protective features. Each
of the Original Equipment Manufacturer (OEM) designs incorporate various safety features meant to address each of these
concerns and this report provides general descriptions for some of the systems and practices. While many of these safety
features are common throughout the industry, there are wide variations and this report is not all inclusive. This document
continues to reflect the major methods used by vehicle OEMs to help ensure safety of emergency responders.
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1. SCOPE

This information report provides an overview of a typical high voltage electric propulsion vehicle (xEV) and the associated
on-board safety systems typically employed by OEM’s to protect these high voltage systems. The report aims to improve
public confidence in xEV safety systems and dispel public misconceptions about the likelihood of being shocked by the
high voltage system, even when the vehicle has been damaged. The report will document select high voltage systems
used for xEV’s and describe safety systems employed to prevent exposure to the high voltage systems.

2. REFERENCES

2.1 Applicable Documents

NOTE: Users should ensure that the latest revision and legislative updates of these documents is being referenced.

The following publications are provided for information purposes only and are not a required part of this document. Each
was used by task force as a reference source during the development of this working document.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1715 Hybrid Electric Vehicle (HEV) and Electric Vehicle (EV) Terminology
SAE J1766 Recommended Practice for Electric and Hybrid Electric Vehicle Battery Systems Crash Integrity Testing
SAE J2578 Recommended Practice for General Fuel Cell Vehicle Safety

SAE J2990 Hybrid and EV First and Second Responder Recommended Practice
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2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.2.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J2344 Guidelines for Electric Vehicle Safety
222 U.S. GOVERNMENT

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

FMVSS 305 Electric Powered Vehicles: Electrolyte Spillage and Electrical Shock Protection
FMVSS 208 Occupant Crash Protection

OSHA Construction eTool: https://www.osha.gov/SLTC/etools/construction/electrical _incidents/eleccurrent.html

2.2.3  United Nations Economic Commission for Europe

Available from United Nations Publications Customer Service, PO Box 960, Herndon, VA 20172, USA
Tel: 1-703-661-1571, Email: order@un.org

UN Regulation R94 Uniform provisions concerning the approval of vehicles with regard to the protection of the occupants
in the event of a frontal collision.

UN Regulation R95 Uniform provisions concerning the approval of vehicles with regard to the protection of the occupants
in the event of a lateral collision.

UN Regulation R100 Uniform provisions concerning the approval of vehicles with regard to specific requirements for the
electric power train.

2.2.4 Al About Circuits

Safe Circuit Design Website, “Shock current path”, http://www.allaboutcircuits.com/vol_1/chpt_3/3.html

3. DEFINITIONS

Except as noted below, all definitions are in accordance with SAE J1715.
Additional definitions:

3.1 AUTOMATIC DISCONNECT

A device in any type of xEV which opens the primary high voltage circuit or circuits of the vehicle, and that is activated by
automatic means such as a crash response or the operation of the vehicle ignition switch.

3.2 BADGING
Describes a durable emblem, insignia, or label securely affixed on the exterior surface of the xEV.
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3.3 DIAGNOSTIC TROUBLE CODE

Information provided by an on-board diagnostic system for operators and repair technicians.
3.4 ELECTRICAL PPE

See Personal Protective Equipment.

3.5 FIRST RESPONDERS

Include but not limited to fire department, rescue squads, emergency medical, law enforcement, and in some instances
military where the personnel are trained in assessing and treating injuries.

3.6 GROUND ISOLATION

Electrical system where there is no direct connection between either pole of a high voltage battery and vehicle chassis
ground.

3.7 HIGH VOLTAGE SYSTEM

A vehicle system inclusive of the battery system and high voltage components (e.g. inverter modules, high voltage cables,
etc.) powered by the battery system.

3.8 INTERMEDIATE VOLTAGE

A system where the maximum voltage is greater than 15-V alternating current but not more than 30-V alternating current;
or greater than 30-volts direct current but not more than 60-volts direct current.

3.9 LI-ION
Lithium ion battery / cell.
3.10 MANUAL DISCONNECT (MD)

A device in any type of electric vehicle which opens the primary high voltage circuit or circuits of the vehicle, and that is
only activated by non-automatic means.

3.11 PERSONAL PROTECTIVE EQUIPMENT

Any of various safety equipment that workers wear or use to prevent injury when working around hazards, such as high
voltage electrical energy, chemicals, and/or fire.

3.12 RESCUE SHEET

Provides necessary and useful information about a vehicle involved in an accident to support first responders in
extricating occupants quickly and safely.

3.13 SECOND RESPONDERS

Include but not limited to tow/recovery personnel, vehicle storage operators, repair/ service technicians, dismantlers and
auto salvage personnel.
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3.14 SMARTPHONE

A cellular telephone with built-in applications and Internet access. In addition to digital voice service, modern smartphones
provide text messaging, e-mail, Web browsing, still and video cameras, MP3 player and video playback and calling. In
addition to their built-in functions, smartphones run myriad free and paid applications, turning the once single-minded
cellphone into a mobile personal computer.

(From PC Magazine Encyclopedia, http://www.pcmag.com/encyclopedia_term/0,2542,t=Smartphone&i=51537,00.asp)

3.15 VENTING

The release of excessive internal pressure from a Battery System cell, module or pack in a manner intended by design to
preclude rupture or explosion.

3.16 xEV

Any electrified propulsion vehicle with a high voltage system, including but not limited to HEV, PHEV, PEV, BEV, FCEV,
and EV.

3.17 SYMBOLS

§ = Section

4. BACKGROUND

4.1  Electrical Safety

4.1.1 Electrical Voltage Classifications (High Voltage Exposure)

Twelve volt electrical systems used in passenger cars and other types of motor vehicles have a long history and present
minimal risk of electric shock to humans. HV systems used in XxEVs, on the other hand, usually contain enough electrical
energy at sufficient voltage to cause serious harm. What about voltages in between? At what point does it become “high
voltage” and, therefore, hazardous to humans? This section helps identify the difference by categorizing voltages into
three different levels:

1. Low voltage

2. Intermediate voltage

3. High voltage

For AC, (alternating current):

A Low voltage AC system is one with a maximum voltage that is equal to or less than 15-V alternating current. This
voltage range presents minimal risk of electric shock to humans.

An Intermediate voltage AC system is one with a maximum voltage that is greater than 15-V alternating current but not
more than 30-V alternating current. Low risk of electric shock to humans.

A High voltage AC system is one with a maximum voltage that is greater than 30-V alternating current.
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