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EVS-GTR Task Force 9 – REESS Safety Warning
Purpose
The purpose of Task Force 9 is to address the communication of safety related warnings regarding the Rechargeable Electrical Energy Storage System (REESS) to the vehicle driver.  The goal was to identify safety scenarios associated with the REESS that would require warning the driver to ensure safety of vehicle occupants, and to develop provisions where appropriate for a warning system.  
Background
	The current draft GTR requires a warning signal to the driver in the event of a failure of the management system of the REESS.  However, the proposed test of the warning is only to ensure that the warning light is functional but not to ensure that the control systems for managing the REESS are operational or working properly.  TF9 was tasked with not only identifying safety scenarios associated with the REESS that requires a warning, but also with the development of requirements and test procedures that would test whether the warning operates under the identified REESS related safety scenarios.  
Three safety scenarios associated with the REESS were identified where a warning to the driver would be required.  The first is operational failure of one or more aspects of vehicle control(s) that manage the safe operation of the REESS.  The second is when a significant thermal event occurs internal to the REESS and the third is when the REESS is at a low energy state.  Details on the rationale for the selection of these three safety scenarios are presented in the next section.
A survey of electric powered vehicles was conducted for developing test procedures to evaluate the operation of the warning under specific safety scenarios.  The survey indicated that these test procedures would vary depending on electric vehicle architectures and vehicle manufacturers.  Therefore developing a single test procedure would not be practicable and may be design restrictive. Consequently, manufacturers would be required to submit, upon request, technical documentations describing the functionality of the system triggering the warning for a given vehicle.  
An attempt was made to develop specifications for the type of warning.  However, due to regional differences in how public perceives warnings and due to differences in vehicle operation and designs, consensus could not be developed on the color, style, symbol, or text of the warning.  Therefore, the characteristics of the warning are not specified in this proposal. 
This proposal builds on to the warning requirements in the current draft GTR by identifying two additional safety scenarios for which a warning to the driver would be required.  The proposed regulatory text includes the requirements for the warning currently in the draft GTR.  The proposal does not specify detailed characteristics of the warning in the form of test requirements evaluating the warning function.  Instead, the proposal requires manufacturers to provide relevant information specific to the vehicle regarding the method of triggering driver warning and a description of the warning tell-tale.
The United Nations Economic Commission for Europe Regulation No. 121 (ECE R.121), “Uniform provisions concerning the approval of vehicles with regard to the location and identification of hand controls, tell-tales and indicators” provides definitions for the classification of distinct signals to the driver of a vehicle.  According to those definitions a warning indicating to the driver to take the actions as expected by this Task Force would align with the term “tell-tale”.  " ‘Tell-tale’ means an optical signal that, when alight, indicates the actuation or deactivation of a device, a correct or defective functioning or condition, or a failure to function.”  This proposal uses this term to describe the warning signals for the three identified safety scenarios associated with the REESS.     

Rationale for Proposed Requirements and Test Procedures	
Driver warning due to failure of vehicle controls that manage safe operation of REESS:
The vehicle controls manage various battery operations, some of which are safety critical. There are multiple fault scenarios that could trigger a vehicle control to take corrective action.  The draft GTR provides REESS safety requirements for various REESS safety scenarios.  These REESS safety requirements assume that the management system of the REESS is properly functioning.  For example, the requirements for overcharge, over-discharge, overcurrent, overvoltage, over temperature, and short circuit scenarios assess the functionality of the vehicle controls that manage REESS operations.  Therefore, in order to ensure the safety in a real world condition, it is important to ensure that the vehicle will not be continuously used under the failure condition of the vehicle controls that manage REESS safe operations.  Consequently, the driver should be provided a warning when these vehicle controls are not functional.  This requirement applies when the driver is seated in the vehicle and switched to the active driving possible mode.   
Since the GTR already specifies requirements to evaluate the proper functioning of vehicle controls that manage REESS safe operation in high temperature, over-discharge, overcharge, overcurrent, overvoltage, and short circuit conditions, the warning tell-tale requirement only addresses the condition of operational failure of vehicle controls that manage safe operation of REESS. 
Due to the complexity and varied designs of vehicle controls that manage REESS safe operation, no single test procedure could be developed that would fully evaluate whether a warning tell-tale turns on in the event of operational failure of vehicle controls. Therefore, manufacturers are required to provide documentation demonstrating that a warning to the driver will be provided in the event of operational failure of one or more aspects of vehicle controls that manage REESS safe operation.
Driver warning due to a thermal event within the REESS:
Real world data indicates that a thermal event within a battery pack is a major safety critical event associated with electric powered vehicles that could result in smoke, fire and/or explosion that could pose a safety hazard to occupants in the vehicle. A thermal event is when the temperature within the battery pack is significantly higher than the maximum operating temperature (even at reduced power).   A warning tell-tale should be provided to the driver in the event of a significant thermal event within the battery pack.  In order to avoid design restrictive requirements, manufacturers are required to provide documentation on the parameters that trigger the warning and a description of the system for triggering the warning.
Driver warning to notify low energy content of REESS:
The purpose of this warning is to notify the driver that the remaining stored energy in the REESS would only permit the vehicle to be driven a short distance.  This warning tell-tale would alert the driver to charge the REESS as soon as possible.  If no requirement for warning tell-tale in the event of low energy content of REESS is specified, some poorly designed vehicles may lack this warning entirely.  Vehicles without a low energy warning light could get stranded on roads and become a crash hazard endangering all road users.  
At the indicated low state of charge specified by the vehicle manufacturer, the following performance would be generally expected:
a) It is possible to move the vehicle out of traffic using its own propulsion system.
b) A minimum energy reserve is available for the lighting system as required by National and/or International Standards or regulations, when there is no independent energy storage for the auxiliary electrical systems.
As the traffic conditions and layout of charging stations varies from different countries, it is difficult and unnecessary to set a mandatory limit of this “low energy.” Manufacturers could specify the limit value of REESS remaining energy themselves according to the certain road conditions and performance of their product. It is also suggested that the remainder range (including the driving condition) could be introduced to the driver in the owner’s manual.
Currently, all conventional vehicles are equipped with low fuel warning tell-tale. When there is little fuel left, the warning tell-tale is given to the driver to refuel as soon as possible. Traditionally, manufacturers have defined this threshold value on their own.
Although there are no recorded accidents for BEVs running out of energy, it should be noted that in some countries, this tell-tale is mandatory. It is beneficial to regulate the necessary design for BEV manufacturers at the current technical development level.  Due to the complexity of the vehicle warning tell-tale, only basic requirements can be proposed for regulatory purposes, but the inclusion of such requirements will eliminate vehicle designs without a REESS low energy warning tell-tale.



Proposed Regulatory Text
Warning in the event of operational failure of vehicle controls that manage REESS safe operation:
The vehicle shall provide a warning to the driver when the vehicle is in active driving possible mode in the event of operational failure of the vehicle controls that manage the safe operation of the REESS.  Vehicle manufacturers shall make available, at the request of the regulatory entity, the following documentation:

1. A system diagram that identifies all the vehicle controls that manage REESS operations.  The diagram must identify what components are used to generate a warning due to operational failure of vehicle controls to conduct one or more basic operations.  
2. A written explanation describing the basic operation of the vehicle controls that manage REESS operation.  The explanation must identify the components of the vehicle control system, provide description of their functions and capability to manage the REESS, and provide a logic diagram and description of conditions that would lead to triggering of the warning. 
When illuminated, the warning tell-tale shall be sufficiently bright to be visible to the driver under both daylight and night-time driving conditions, when the driver has adapted to the ambient roadway light conditions.
This warning tell-tale shall be activated as a check of lamp function either when the propulsion system is turned to the "On" position, or when the propulsion system is in a position between "On" and "Start" that is designated by the manufacturer as a check position.  This requirement does not apply to the optical tell-tale or text shown in a common space.
Warning in the event of a thermal event within the REESS:
The vehicle shall provide a warning tell-tale to the driver in the case of a thermal event in the REESS (as specified by the manufacturer) when the vehicle is in active driving possible mode.  Vehicle manufacturers shall make available, at the request of the regulatory entity, the following documentation:

1. The parameters and associated threshold levels that are used to indicate a thermal event (e.g. temperature, temperature rise rate, SOC level, voltage drop, electrical current, etc.) to trigger the warning tell-tale. 
2. A system diagram and written explanation describing the sensors and operation of the vehicle controls to manage the REESS in the event of a thermal event.

When illuminated, the warning tell-tale shall be sufficiently bright to be visible to the driver under both daylight and night-time driving conditions, when the driver has adapted to the ambient roadway light conditions.
This warning tell-tale shall be activated as a check of lamp function either when the propulsion system is turned to the "On" position, or when the propulsion system is in a position between "On" and "Start" that is designated by the manufacturer as a check position.  This requirement does not apply to the optical signal or text shown in a common space.
Warning in the event of low energy content of REESS:
For BEVs (vehicles in which propulsion system are powered only by a REESS), manufacturers shall provide a warning tell-tale to the driver in the event of low REESS state of charge.  Based on engineering judgment, the manufacturer shall determine the necessary level of REESS energy remaining, when the driver warning tell-tale is first provided.
When illuminated, the warning tell-tale shall be sufficiently bright to be visible to the driver under both daylight and night-time driving conditions, when the driver has adapted to the ambient roadway light conditions.
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