Response to Comments from JRC (22/04/16) and OICA (5/17/2016)
EVSTF-08-62e
[bookmark: _GoBack]U.S. Proposal 
Evaluation of Vehicle Controls at Safety Boundary Limits of REESS 

 Background:  The test methods in the draft GTR are component level tests and are insufficient for the U.S. to conduct the test at the vehicle level.  To fully evaluate the functioning of the Battery Management System (BMS) and/or vehicle controls under external inputs that can be expected in real world conditions, the U.S. will conduct BMS functionality tests at the vehicle level.  The following proposed test procedures are built on research conducted by the U.S.  While the U.S. will conduct these tests at the vehicle level, it understands that some contracting parties that utilize type approval certification may want to maintain the currently proposed component level tests.  At this time, the U.S. can accept the inclusion of the type approval tests as a contracting party option only.

Purpose:  The purpose of this sequential testing program is to test the response of the BMS and/or vehicle controls at the safety boundary limits of the REESS during operation.  The test evaluates the ability of the vehicle to safely monitor and control the REESS under external inputs in such a way that the REESS is able to withstand the prescribed abuse and failure conditions without posing a hazard to the vehicle occupant or the surrounding environment. 

Safety Need:  In hybrid and electric vehicles, the BMS and other vehicle controls are critical components as they are involved in monitoring and controlling REESS operations.  Failure Modes Effects Analysis identified five safety boundary limits of REESS operations beyond which hazardous conditions could arise.  These are listed below.
1. Charging and discharging at low temperature:  Some battery cell chemistries can be significantly negatively affected if charging/discharging is done at low temperatures.  For example, lithium-ion cells are prone to lithium metal plating when charged at high rates at low temperatures, which can damage the cells.  In addition, variability in impedance between lithium-ion cells can be increased at low temperatures leading to temperature or voltage imbalance during operation at low temperatures.  Many REESS employ heating systems to ensure that the cells of the REESS are maintained at an optimal temperature range during cold weather.  The vehicle should limit or prevent operation at REESS temperatures below its capabilities, or initiate a heating system for the REESS.  

2. Charging and discharging at high temperature:  Some battery cell chemistries can be negatively affected if charging/discharging operations are attempted at high temperatures.  For example, a failed cooling system can lead to higher REESS temperature during discharging and may also allow “hot spots” to develop within the REESS, particularly if pockets of high impedance cells exist within the REESS (a potential effect of aging).  A temperature imbalance may grow during operation, and, if appropriate steps are not taken by the vehicle, can ultimately lead to the thermal runaway of cells.  Many REESS have cooling systems to ensure that the cells of the REESS are maintained within an optimal temperature range during hot weather and/or under extended operation.  The vehicle should limit or prevent operation of the REESS at temperatures above its capabilities, or initiate a cooling system for the REESS. 


3. Over-discharge:  Many battery chemistries can experience undesirable aging, electrolyte leakage, swelling, or even violent failure if over-discharged.  Even though over-discharge of lithium-ion cells generally appears benign, it can cause damage to cell electrodes that can compromise cell stability and safety on subsequent recharge.  Cell aging and the development of capacity imbalance can increase susceptibility to over-discharge, particularly if voltage sensing is not robust.  The vehicle should prevent the cells in the REESS from over-discharge.

4. Overcharge, overcurrent, and overvoltage during charging:  Overcharge of an REESS can occur as a result of a failure of the charging system, such as a fault in an external charger or in a regenerative braking charge system.  It may also occur as a result of sensor failure or voltage reference drift.  Significant overcharge of an REESS can result in thermal runaway of lithium-ion cells.  Overcurrent and overvoltage during charging can also damage the REESS.  The vehicle controls should monitor for such abnormal external inputs and take appropriate action to prevent hazardous conditions. 
a. Overcharge – Overcharge occurs when the REESS continues to be charged beyond the maximum state of charge set by the manufacturer.  
b. Overcurrent During Charging – Overcurrent input during charging occurs when charge voltage remains within boundary limits of REESS operation but excessive current- significantly beyond safety boundary limits of REESS operation- is delivered. 
c. Overvoltage Overcharge – During an over-voltage overcharge, charge voltage exceeds the safety boundary limits of the REESS, but charge current remains within the REESS safety boundary limits.  

5. External short circuit:  An external short circuit can result in overheating or arcing and therefore result in dangerous conditions.  Vehicle controls should terminate operation and bring the REESS to a safe state in the event of a short circuit.  

Application:  This test applies to all electric vehicles (EVs), hybrid EVs (HEVs), and plug-in hybrid EVs (PEVs).

Test Procedure:  
1. Test condition:  The proposed test procedure applies to a complete vehicle.  The reasons for selecting to test a complete vehicle as opposed to a component are:
a. It is a test to evaluate the performance of the BMS and/or vehicle controls under external inputs.
b. For vehicles with BMS and controls distributed across the vehicle, this is a simpler test to assess the complete functioning of the BMS.

2. Sequential test:  The test is a sequential series of subtests, with each subtest (based on a Failure Modes Effects Analysis) placed in a sequence that not only reduces the number of required test articles, but is also intended to reveal and exacerbate a range of potential failure modes by approaching safety limit boundaries of REESS operating conditions.  
a. The order of testing is as follows:  
i. high temperature charging/discharging, 
ii. over-discharge test in drive/charge mode, 
iii. overcurrent, overvoltage overcharge, and overcharge tests, and 
iv. short circuit test (this test may be done in drive mode or charge mode).
b. Charging/discharging at low temperature is not included in this sequence of testing because it may be difficult to maintain the low temperature of the REESS and therefore cause a test burden.  Instead, the proposal requires manufacturers to provide documentation indicating that the BMS monitors and appropriately controls REESS operations at the low temperature boundary limit for safe operation of the REESS.     
c. In cases where a protection measure does not allow normal vehicle operation until expert evaluation of the vehicle after a high temperature, over-discharge, overcurrent, or overvoltage overcharge test, that test would be conducted individually outside the sequence of tests.  

3. Safety while conducting sequential tests:  In the overcurrent, overvoltage, and overcharge tests, the SOC of cells in the REESS should never be more than 130% of cell SOC.  Note that cell SOC is the actual SOC of cells, and is not the same as the SOC of REESS set by the manufacturer.  The fire/explosion during the testing of a REESS in General Motors laboratory was a result of SOC of cells reaching levels beyond 130% of cell SOC.  If SOC of a cell or group of cells during the overcharge, overcurrent, or overvoltage tests reaches 130% cell SOC, the test should be terminated immediately.  

Details of the Subtests in the Sequential Tests:
1. High temperature test:  The REESS cooling system is disabled if the REESS can remain functional without a cooling system being operational.  The manufacturer shall provide the temperature at which the cooling system (if available) will normally initialize and the maximum operating temperature of the REESS without a cooling system or with a disabled cooling system.  The vehicle is charged to highest SOC as specified by TF6 (6.2.1.2.).  The vehicle is placed in a temperature-controlled chamber at the manufacturer’s specified maximum operating temperature of the REESS or at 45oC (if the maximum operating temperature of REESS is greater than 45oC) for 10 hours or until the REESS temperature is at its maximum operating temperature, whichever occurs first. If REESS temperature has not reached the manufacturer specified maximum operating temperature within this time, the REESS can be charged and discharged to raise its temperature.  If the REESS temperature reaches the maximum REESS operating temperature within 24 hours of initiating the first discharge cycle, either the cooling function should operate or the charge and/or discharge of the REESS should be inhibited and/or limited to prevent further increase in REESS temperature.     

2. Over-discharge test (drive mode):  This test is conducted at ambient conditions (20±100C).  Discharge the vehicle REESS until it reaches 10% SOC (measured in accordance with manufacturer’s recommendation).  For HEVs and PHEVs run the vehicle to deplete the fuel in the tank or remove fuel from the tank until it is nearly empty (less than 5% full).  The vehicle is driven on a chassis dynamometer simulating up-hill driving that will discharge the REESS at maximum discharge rate provided by the manufacturer.  Continue driving until REESS discharge terminates or 12 hours elapse.

Over-discharge test (during charging or in parking):  This test is intended to simulate a condition wherein a vehicle undergoes over-discharge conditions when simply parked or where the charge connector is damaged and discharges the vehicle instead of charging it.  This test is conducted at ambient conditions (20 ± 10 0C).  

Charge the REESS just enough that it will be able to enter drive mode.  Park the vehicle with the ignition in “on” position and run all systems that can be operating with ignition in “on” position.  Continue in this parked position until REESS stops operating or 12 hours elapse.  

For EVs and PHEVs, the test may be conducted to simulate the “discharge during charging” scenario.  In this case, connect the vehicle to an AC charger and apply an over-discharge resistor through the AC charger. The discharge rate is at a power load determined through information from the manufacturer so as to get the battery under over-discharge conditions within 12 hours.  Continue test until REESS discharge terminates or 12 hours elapse. 

3. Overcurrent test:  This test is conducted at ambient conditions (20 ± 100C).  For EVs and PHEVs, charge the REESS normally until it is at 50% SOC.  Put the vehicle REESS in charging mode by connecting the vehicle with an AC charger.  Determine the maximum overcurrent to be applied and the maximum operational voltage using information from the manufacturer.  Apply the overcurrent during charging at any SOC between 50% SOC and 95% SOC through the AC charger.  This is done by increasing the current through from zero to the maximum overcurrent level (determined from manufacturer’s information) at a linear rate in 1,000 seconds.  Stop the test if charging is terminated or at 24 hours after charging was initiated.  

For HEVs, run the vehicle on a chassis dynamometer at a constant speed until 100% of SOC is reached.  Cyclically pulse the vehicle between 0 torque and full generation by using the brake pedal or other available HMI interface to control regeneration.  The 0 torque periods should be stable for 1 minute and the regeneration periods for 10 seconds.  

4. Overvoltage overcharge test:  Since overcharge may also occur during charging, due to voltage exceeding the safety boundary limits of the REESS, the BMS should be able to respond to this overvoltage input during charging and control the REESS operation appropriately.  For this reason, the overvoltage overcharge is conducted as part of the BMS sequential test for EVs and PHEVs.  Charge or discharge the REESS normally until it is at 95% SOC. Put the REESS of the EV or PHEV in charging mode by connecting it to an AC charger.  Apply the overvoltage (maximum voltage determined from manufacturer’s information) with a current limit within operating range through the AC charger.  Stop the test if charging is terminated or 24 hours after charging was initiated.  This test is conducted at ambient conditions (20 ± 100C).

5. Overcharge Test:  An overcharge test similar to that in the draft GTR is added to this proposal for completeness.  The REESS is charged with voltage and current within the normal operating range specified by the manufacturer.  The charging is continued until the vehicle terminates charging when maximum SOC (set by the manufacturer) is reached. For vehicles that can be charged by on-board energy sources, the vehicle shall be driven on a chassis dynamometer simulating continuous down-hill driving to simulate a high charging current in accordance with manufacturer’s specified information.  For externally chargeable vehicles, the REESS shall be charged by connecting the charger to the vehicle inlet and the external electric power supply.  

6. Charge/Discharge Cycle:  A discharge/charge cycle is conducted at ambient conditions (20 ± 100C) after the overcharge tests in order to evaluate whether normal operation of the REESS is possible after subjecting the vehicle to the sequential testing program thus far (high temperature charge/discharge, over-discharge tests and overvoltage tests).  This charge/discharge cycle could have been conducted after the short circuit test; however since some automatic disconnects may require maintenance/repair after activating and before the vehicle can resume normal operation (a feature that a manufacturer may include since a short circuit is a significant safety hazard), this charge/discharge cycle is conducted just before the short circuit test.  In cases where a protection measure does not allow normal vehicle operation until expert evaluation of the vehicle after a high temperature, over-discharge, overcurrent, or overvoltage overcharge test, that test would be conducted individually outside the sequence of tests.  The discharge/charge cycle is as follows: 
a. Discharge Operation:  For a vehicle with only a charge-depleting operational mode (EV), adjust the vehicle speed and the dynamometer rolling resistance to induce the maximum sustained discharge power load for the vehicle REESS (information obtained from the manufacturer).  Continue the discharge until the vehicle will no longer provide motive power.  For a vehicle with charge-sustaining operation modes (HEV or PHEV), apply one UDDS discharge cycle followed by one US06 discharge cycle.  Repeat the alternating UDDS and US06 discharge cycles in succession.  Continue to discharge until the vehicle will no longer provide motive power or when 12 hours has passed, whichever occurs first.
b. Charge Operation:  For an EV or PHEV, after the discharge cycle is completed, charge the vehicle by connecting the vehicle to a charging system capable of supplying the maximum allowable charge rate for the vehicle, and charge at the maximum allowable charge rate until charging terminates normally.

7. Short circuit test:  For EVs and PHEVs, place the vehicle in drive mode or charge mode.  Place HEVs in drive mode.  Introduce the short circuit across the REESS terminals (total impedance less than 5 milliohms).  If it is not possible to access the REESS in the vehicle to introduce the short circuit, this test may be conducted at the component level.  Stop the test when the REESS protection function to interrupt or limit the short circuit current operates or the temperature gradient of the REESS varies less than 4oC for 60 minutes.  This test is conducted at ambient conditions (20 ± 100C).        




Performance Criteria:  
1. Since this series of tests evaluates BMS functionality and/or the capability of the vehicle controls to maintain the vehicle in safe operating mode, the REESS is evaluated on its ability to perform normally after completion of the sequential testing.  In cases where a protection measure does not allow normal vehicle operation until expert evaluation of the vehicle, that test would be conducted individually outside the sequence of tests and performance criterion 2(d) will not apply.   
2. The proposed performance criteria for the sequential tests are as follows:
a. Over-temperature test:  Protective measures shall operate to terminate or limit charge/discharge operation and/or initiate a cooling system if maximum operating temperature of REESS is reached.
b. Over-discharge Test (drive mode and charge mode):  The REESS terminates discharge during the test if SOC level goes below the minimum SOC limit (set by the manufacturer) for safe REESS operation.  
c. Overcurrent Test:  Charging is terminated after the current level exceeds the maximum current limit (set by the manufacturer) for safe REESS operation. 
d. Overcharge and Overvoltage Overcharge Test:  Charging is terminated when the maximum SOC of the REESS (set by the manufacturer) is reached.
e. Normal Charge/Discharge Operation:  The vehicle charges and discharges as it would under normal operating conditions in the discharge/charge cycle conducted after the overcharge tests.
f. Short Circuit Test (charging and driving mode):  The charging or discharging operation (whichever operation is being conducted at the time the short circuit is introduced) is terminated after the short circuit is introduced.  
3. During the sequential test and up to 24 hours after completion of the short circuit test, there is no evidence of fire, smoke, venting, or explosion.  This post-test criterion is needed to ensure that the BMS response to the fault conditions introduced in the sequential tests were within adequate time (were not delayed) to not cause any damage to the REESS.  
Regulatory Text:

5.3.5	Sequential Fault Testing
This sequential test shall be conducted under in-use operating conditions with a complete vehicle.
Contracting Parties may choose to adopt a test procedure using a complete REESS with related REESS subsystems.
For the safety of testing personnel, the SOC of the cells in the REESS (manufacturer information) shall not exceed 130% during the sequential tests.    

5.3.5.1	High-temperature, over-discharge, overcharge, and short circuit protection
		
The sequential test shall be performed according to 6.3.5.  The high temperature test is conducted in accordance with 6.3.5.1, the over-discharge (drive-mode and charge-mode) test is conducted in accordance with 6.3.5.2, the overcurrent test is conducted in accordance with 6.3.5.3, the over-voltage overcharge test is conducted in accordance with 6.3.5.4, the overcharge test is conducted in accordance with 6.3.5.5, a discharge/charge cycle is conducted in accordance with 6.3.5.6, and the short-circuit test is conducted in accordance with 6.3.5.7.  If a protection measure does not allow normal vehicle operation until expert evaluation of the vehicle in the high temperature, over-discharge, overcurrent, or overvoltage overcharge test, that test is conducted separately outside the sequence of tests with a different vehicle and performance criterion 2(e) shall not apply.   
a. During the over-temperature test, if the REESS temperature is at or exceeds its maximum operating temperature set by the manufacturer, protective measures shall operate to terminate or limit charge/discharge operation and/or initiate a cooling system. 
b. During the over-discharge test (drive mode and park/charge mode), discharge shall be terminated if REESS SOC level is at or lower than the minimum SOC limit (set by the manufacturer) for safe REESS operation.  
c. In the overcurrent tests, charging shall be terminated when the current level exceeds the maximum current limit (set by the manufacturer) for safe REESS operation. 
d. In the overcharge and overvoltage overcharge tests, charging shall be terminated when the REESS SOC is at or exceeds the maximum SOC level specified by the manufacturer.
e. In the discharge/charge cycle conducted after the overvoltage overcharge test, the vehicle charges and discharges as it would under normal operating conditions.
f. The charging or discharging operation (whichever operation is being conducted at the time the short circuit is introduced) shall be terminated after the short circuit is introduced.
g. During the sequential test and for 24 hours after completion of the short circuit test, there shall be no evidence of fire, smoke, venting, or explosion.  For a test conducted outside the sequence of tests because a protection measure does not allow normal vehicle operation until expert evaluation of the vehicle, there shall be no evidence of fire, smoke, venting, or explosion during the test or the 24 hours after the test is completed. 


5.3.5.2	Low Temperature Protection

	Vehicle manufacturers must make available the following items to demonstrate that the vehicle monitors and appropriately controls REESS operations at low temperatures at the safety boundary limits of the REESS:
	a.  A system diagram
	b.  Written explanation on the lower bound temperature for safe operation of REESS
	c.  Method of detecting REESS temperature
	d.  Action taken when the REESS temperature is at or lower than the lower bound for safe operation of the REESS.

6.3.5	Sequential Fault Test Procedure
Definition:

UDDS:  	EPA Light-Duty Urban Dynamometer Driving Schedule - An urban operation simulated discharge cycle described in Appendix 1 to Title 40, part 86, “Control of emissions from new and un-used highway vehicles and engines,” of the CFR, whose required operational precision is specified in Title 40 part 86.115-78, “EPA dynamometer driving schedules.”  For the purpose of this document only the speed and time requirements of this cycle will be applied.  http://www.ecfr.gov/cgi-bin/text-idx?SID=86a71a41c6af14166a31d1f074d61291&mc=true&node=pt40.19.86&rgn=div5#ap40.19.86_11931_686_11999.i 

US06:	EPA US06 Driving Schedule for Light-Duty Vehicles and Light-Duty Trucks - A high acceleration and high speed simulated discharge cycle described in Appendix 1 to Title 40 Part 86, “Control of emissions from new and un-use highway vehicles and engines,” of the CFR, whose required operational precision is specified in Title 40 Part 86.159-08, “Exhaust emission test procedures for US06 emissions.”  For the purpose of this document only the speed and time requirements of this cycle will be applied.  http://www.ecfr.gov/cgi-bin/text-idx?SID=86a71a41c6af14166a31d1f074d61291&mc=true&node=pt40.19.86&rgn=div5#ap40.19.86_11931_686_11999.i 	


6.3.5.1 Vehicle Charge and Discharge during High Temperature Conditions: 

6.3.5.1.1 If a REESS is thermally coupled to an active cooling system, and if the REESS will remain functional without cooling function being operational, the cooling system will be deactivated for the test.

6.3.5.1.2 For a vehicle with only a charge-depleting operational mode (EV), determine the REESS maximum sustained discharge power load at different temperature levels.  This information may be obtained for the vehicle manufacturer.  Define a speed and grade combination that can be applied on a dynamometer to produce the maximum sustained discharge power load on the vehicle REESS.

6.3.5.1.3 The vehicle shall be charged to the highest SOC in accordance with 6.2.1.2.

6.3.5.1.4 For a vehicle with charge-sustaining operations modes (for example, an HEV or PHEV), add sufficient fuel to fill the fuel tank to 100% of its total volume.

6.3.5.1.5 Place the vehicle in a temperature-controlled chamber at the manufacturer’s specified maximum REESS operating temperature or at 45°C if the maximum REESS operating temperature is greater than 45oC.  Chamber temperature shall be controlled to ±2°C of the target temperature.  The vehicle shall be placed in the chamber for 10 hours or until the vehicle and REESS equalize to ambient temperature, whichever occurs first.  If REESS temperature does not reach the manufacturer’s specified maximum operating temperature threshold in 10 hours, the REESS shall be charged and discharged at manufacturer-specified maximum charge and discharge rates until the specified REESS temperature is attained.  

6.3.5.1.6 Discharge the REESS at maximum discharge rate specified by the manufacturer for the described temperature until minimum SOC is reached, followed by a charge cycle at maximum charge rate to maximum SOC, and then another discharge cycle similar to the first one.

6.3.5.1.7 Charging of EVs or PHEVs may be conducted by connecting the vehicle to a charging system capable of supplying the maximum allowable AC charge rate for that vehicle.  Charging of HEVs may be conducted by driving the vehicle on a chassis dynamometer simulating continuous down-hill driving to simulate a high charging current in accordance with manufacturer’s specified information.  

6.3.5.1.7 Discharging operation may be conducted by driving the vehicle on a chassis dynamometer simulating up-hill driving that will discharge the REESS at maximum discharge rate at the described temperature in accordance with manufacturer’s information.  If the vehicle is not capable of operation at the requested speeds or the discharge rate at the described temperature, maintain the achieved speed or discharge rate of the vehicle.  

6.3.5.1.8 Allow normal termination of charge/discharge operation, or terminate test if REESS temperature remains within ±2°C for 30 minutes and SOC remains within ±1% for 60 minutes, or a rate of change of SOC over the previous hour indicating that charging/discharging will require more than 10 hours to complete, or terminate test one hour after the cooling system for the REESS operates.

6.3.5.1.9 Regardless of the point in testing that has been reached, terminate the test after the first discharge cycle was initiated.

6.3.5.1.10 Return the vehicle to ambient temperature and restore cooling system functionality (if it was disabled).


6.3.5.2	REESS Over-Discharge Test Procedure

6.3.5.2.1 Discharge the vehicle REESS to approximately 10% SOC.  For an HEV or PHEV, run the vehicle to deplete the fuel in the tank or remove fuel from the tank until it is nearly empty (less than 5% full).

6.3.5.2.2 Driving Mode Over-Discharge

	Drive the vehicle on a chassis dynamometer simulating up-hill driving that will discharge the REESS at maximum discharge rate provided by the manufacturer.  

	Continue driving until the REESS operation terminates or 12 hours elapse.

6.3.5.2.3 Parking or Charging Mode Over-Discharge

	For a vehicle with separate driving and charging modes (an EV or PHEV), connect the vehicle to an AC charger and recharge the REESS to the lowest operational SOC at which vehicle will enter Drive Mode using energy from the REESS only.

	Disconnect the charger and park the vehicle with the ignition in “on” position and run all systems that can be operating with ignition in “on” position.  Continue in this parked position until REESS stops operating or 12 hours elapse.  

	For EVs and PHEVs, the test may be conducted to simulate the “discharge during charging” scenario.  After charging the REESS just enough to get the vehicle in drive mode, connect an AC charger to the vehicle inlet.  Apply an over-discharge resistor through the AC charger. The discharge rate is at a power load determined through information from the manufacturer so as to get the battery under over-discharge conditions within 12 hours.  Continue test until REESS discharge terminates or 12 hours elapse.


6.3.5.3 REESS Over-Current Test Procedure

6.3.5.3.1 Charge the REESS until it is at 50%±5% SOC.  This may be accomplished by connecting the vehicle to a charger (EV or PHEV) and allowing it to charge normally.

6.3.5.3.2 For an HEV, the REESS should be charged fully using a driving pattern recommended by the manufacturer.

6.3.5.3.3 Determine the maximum over-current that can be applied to the REESS using relevant information provided by the manufacturer.  This value may be based upon the maximum current that can be supplied by regenerative braking or a faulting charger.  

6.3.5.3.4 Determine the maximum voltage that can be applied to the REESS by the on-board charger or a faulting compatible charger based on information provided by the manufacturer.  Multiply the maximum voltage by the maximum over-current to obtain the maximum charging power for power supply selection.

6.3.5.3.5 Set the current limit and voltage limit on the Overcurrent Supply based on steps 6.3.5.3.3 and 6.3.5.3.4. 

6.3.5.3.6 Conduct the test at ambient temperature (20 ± 100C).
 
6.3.5.3.7 For EVs and PHEVs, connect an AC charger to the vehicle and initiate charging.  Apply the overcurrent during charging at any SOC between 50% SOC and 95% SOC through the AC charger.  The overcurrent is applied by increasing the charging current over 1000 seconds from zero current until it reaches the maximum charging current determined in step 6.3.5.3.3 or until the REESS isolates from the power supply.

6.3.5.3.8 For HEVs, run the vehicle on a chassis dynamometer at a constant speed until 100% of SOC is reached.  Cyclically pulse the vehicle between 0 torque and full generation by using the brake pedal or other available HMI interface to control regeneration.  The 0 torque periods should be stable for 1 minute and the regeneration periods for 10 seconds. 

6.3.5.3.9 Continue to attempt to charge until one of the following occurs:  charging is terminated, 24 hours elapse from the time charging was initiated in 6.3.5.3.7, or a failure occurs (smoke, fire, or explosion). 

6.3.5.4 REESS Over-Voltage Overcharge for Externally Chargeable Vehicles

6.3.5.4.1 Discharge or charge the REESS, until it is at 95% ± 2% SOC.  This may be accomplished by using the vehicle cabin heater, using the AC system, or through driving.

6.3.5.4.2 Determine the maximum voltage that can be applied to the REESS by the on-board charger or a faulting compatible charger using information provided by the manufacturer.  

6.3.5.4.3 Determine the appropriate current limit: divide AC charging power by the maximum voltage determined in step 6.3.5.4.2.

6.3.5.4.4 Set the overvoltage supply voltage limit to the maximum voltage determined in step 6.3.5.4.2.  Set the current limit to the maximum current determined in step 6.3.5.4.3. 

6.3.5.4.5 The test is conducted at ambient temperature (20 ± 100C).

6.3.5.4.6 Place the vehicle into charge mode.  

6.3.5.4.7 Attach a charging cable to the vehicle at its charge inlet and begin charging at AC charging levels.  

6.3.5.4.8 Once charging has begun, turn on the Overvoltage Supply connected through the AC charger.  

6.3.5.4.9 Continue to attempt to charge until one of the following occurs:  charging is terminated, 24 hours elapse, or a failure occurs (smoke, fire, or explosion).

6.3.5.4.10 Once the test has concluded, disconnect the overvoltage supply and the charging cable (if present).

6.3.5.5 REESS Overcharge Test

6.3.5.5.1 Discharge or charge the REESS until it is at 95% ± 2% SOC.

6.3.5.5.2 This test is conducted at ambient temperature (20 ± 100C).

6.3.5.5.3 Place the vehicle into charging mode.  For an EV or PHEV, connect an AC charger to the vehicle and initiate charging.  If the vehicle is an HEV with no separate charging and discharging mode, the vehicle shall be driven on a chassis dynamometer simulating continuous down-hill driving to simulate a high charging current in accordance with manufacturer’s specified information.   

6.3.5.5.4 Continue charging until the charging is automatically interrupted or limited.  If no automatic interrupt function operates, continue charging but do not exceed 130% cell SOC.
 
6.3.5.6 Discharge and Charge Cycle

6.3.5.6.1    The discharge and charge cycle is conducted at ambient temperature (20 ± 100C).  The vehicle REESS shall be charged to its highest SOC for EVs and PHEVs and the fuel tank shall be filled to 100% capacity for HEVs and PHEVs.
6.3.5.6.2    Discharging:  For a vehicle with only a charge-depleting operational mode (EV), adjust the vehicle speed and the dynamometer rolling resistance to induce the maximum sustained discharge power load for the vehicle REESS (information obtained from the manufacturer).  Continue the discharge until the vehicle will no longer provide motive power.  For a vehicle with charge-sustaining operation modes (HEV or PHEV), apply one UDDS discharge cycle followed by one US06 discharge cycle.  Repeat the alternating UDDS and US06 discharge cycles in succession.  Continue to discharge until the vehicle will no longer provide motive power or until 12 hours have passed, whichever occurs first.
	Charging:  For an EV or PHEV, after the discharge cycle is completed, connect the vehicle to a charging system capable of supplying the maximum allowable charge rate for the vehicle and charge until charging terminates normally.  
6.3.5.7 REESS External Short Circuit

6.3.5.7.1    If it is not possible to access the terminals of the REESS in a vehicle, this test may be conducted at the component level.

6.3.5.7.2 If an HEV or PHEV is being tested, fill the fuel tank to 100% capacity.

6.3.5.7.3 Chock the vehicle to prevent rolling or creep.

6.3.5.7.4    Conduct the test at ambient temperature (20 ± 100C).

6.3.5.7.5 Place the vehicle into Drive Mode or Charge Mode.

6.3.5.7.6 Connect the positive and negative terminals of the REESS to each other to create a short circuit.  The total impedance of the short circuit shall be less than 5mΩ. 

6.3.5.7.7 Continue to monitor the REESS, and terminate the test when the REESS temperature gradient varies by less than 4oC for 60 minutes.

 

