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4.
TECHNICAL RATIONALE AND JUSTIFICATION


4.5.
Rationale for REESS requirements

4.5.1.
Thermal Propagation: paragraphs 5.3.x. and 6.2.x.: 

The aim is to verify the safety performance of the REESS when a single cell undergoes the thermal runaway. And the thermal runaway event does not result in the battery system fire and/or explosion.
II. Text of Regulation

 3.
Definitions
3.1.              “Thermal runaway” means the phenomena of uncontrollable heat generation with continuous temperature rise caused by exothermal chain reaction in the cell.

3.2.                “Thermal propagation” means the sequential occurrence of thermal runaway within a battery system triggered by thermal runaway of a cell in that battery system.
3.3
"Rupture" means opening(s) through the  RESS enclosure or electrical protection barrier created or enlarged by an event, large enough for a 12 mm diameter test finger (IPXXB) to penetrate and make contact with high voltage live parts (see paragraphs 6.1.3. and 6.1.5.2.4.). 此处应该是fire和explosion的定义。
3.4                “Cylindrical cell” means the cell with a cylindrical hard case housing.

3.5.                 “Prismatic cell” means the cell with a prismatic hard case housing.

3.6.                 “Pouch cell” means the cell with a laminated housing consisting of compound foil.
5.3                 Requirements with regard to the safety of REESS- in-use
5.3.6.
 Thermal Propagation  

The test shall be conducted in accordance with paragraph 6.2.x.
This test is required for REESS containing flammable electrolyte.
During the test there shall be no evidence of fire or explosion by visible validation from battery system. If the battery system has no outer covering, the manufacturer shall specify the area for fire-proof protection. 

NOTE Fire caused by the first cell is acceptable because its  thermal runaway event is intentionally triggered for the test purpose.
6.
Test procedures

6.2.
REESS test procedures

6.2.1
Ambient conditions


The test procedures described under paragraph 6.2 shall be conducted under ambient temperature conditions of 22°C ±5°C unless otherwise stated in the procedures under paragraph 6.2.

Tests on vehicle level under paragraph 6.2 shall be conducted under ambient temperature conditions of 22°C ±10°C unless otherwise stated in the procedures under paragraph 6.2.

6.2.2.
Procedure for conducting a standard cycle

A standard cycle shall start with a standard discharge followed by a standard charge.

Standard discharge profile:

Discharge rate:
The discharge procedure including termination criteria shall be defined by the manufacturer. If not specified, then it shall be a discharge with 1C current. 

Discharge termination (end voltage):
Specified by the manufacturer

Rest period after discharge:
minimum 30 min

Standard charge profile:

The charge procedure including termination criteria shall be defined by the manufacturer. If not specified, then it shall be a charge with C/3 current.
Charge termination (end voltage):
Specified by the manufacturer

6.2.x.
Thermal Propagation
6.2.x.1.
Purpose 

The purpose of thermal propagation test is to confirm if vehicle or battery pack achieves occupant protection when thermal runaway caused by a single cell internal short circuit occurs in vehicle or battery pack.
6.2.x.2.
Installations

This test shall be conducted either with the complete REESS or with related REESS subsystem(s) including the cells and their electrical connections. If the manufacturer chooses to test with related subsystem(s), the manufacturer shall demonstrate that the test result can reasonably represent the performance of the complete REESS with respect to its safety performance under the same conditions. If the electronic management unit for the REESS is not integrated in the casing enclosing the cells, then the electronic management unit may be omitted from installation on the tested-device if so requested by the manufacturer.
6.2.8.3.
Procedures

6.2.8.3.1.
General test conditions

The following condition shall apply to the test:

(a) the test shall be conducted at an ambient temperature [at least 0°C].

(b) at the beginning of the test, the SOC shall be adjusted to a value in the upper [90% or 95%] of the normal operating SOC range.

(c) at the beginning of the test, all prevention functional devices which are relevant to the outcome of the test, shall be operational.

(d) the test may be performed with a modified Tested-Device which is intended to minimize the influence of modification.
6.2.8.3.2.
Thermal Propagation
Initiation methodSince initiation of thermal propagation is a single cell thermal runaway result from internal short circuit, it is necessary to occur an internal short circuit in conducting this test. The methods which cause an internal short circuit in a cell are Nail .  Partial heating and Overcharge.
Nail

Nail shall be conducted with following conditions.

Material : [Steel or ceramic with metal tip]

Size : [3mm or more]

Shape of tip : [Circular cone, Angle : 20-60°]

Speed : [0.1~1mm/s]

Position and direction : Select the position and direction where causing an internal short circuit in cell is possible. (e.g.; In vertical direction to electrode layer) Insertion from vent of a cell is possible if internal short circuit occurs.
 Partial heating

Partial heating shall be conducted with following conditions.

Shape : Planate or rod heater covered with ceramics, metal or insulator shall be used. Planate heater is [5mm or less] thickness and [1000mm2 or less] area. Rod heater is [5mm or less] diameter and [60mm or less] length. In addition, heating area of heater contacting with cell shall be smaller than area of cell surface wherever possible.

Spec : Pouch cell [550W or more]   Cylindrical cell [50W or more]

Set position : Contact heating area of heater with cell surface directly. Set the heater to conduct its heat to initiation cell certainly. In case that heater is placed between layered cells, insulator may be placed between the cell that is adjacent initiation cell and heater in order not to heat multiple cells.
Overcharge
A cell is overcharged with the manufacturer-recommended conditions until the cell is forced into thermal runaway. Any other cells in the battery shall not be overcharged. If the cell is designed to have a current interrupt device (CID), a cell whose CID was altered to be non-functional may be used.
6.2.X.3.2.2. Stop of Nail insertion or heating

Stop nail insertion or heating if internal short circuit is detected. Detection of internal short circuit is, for example, conducted by cell voltage drop or voltage between casing and positive or negative electrode.

6.2.X.3.2.3. Selection of initiation method

Initiation method is selected as follows according to types of cell.

(a)cylindrical cell : Nail or Partial heating or overcharge
(b)prismatic cell : Nail or overcharge 
(c)pouch cell : Partial heating or overcharge
6.2.X.3.2.4. Selection of initiation cell

As Initiation cell, select the cell which internal short circuit could be caused by methods described in 6.2.X3.2.1 and also its heat generated by thermal runaway most easily to conduct to adjacent cells. For example, select the cell that is the nearest center of battery casing or the cell that is surrounded by other cells and difficult to radiate heat.

6.2.X.3.2.5. Measurement of voltage and temperature

Measure the voltage and temperature in order to detect internal short circuit or thermal runaway of the initiation cell. In measuring voltage, original electric circuit shouldn’t be modified. At Nail, place temperature sensor near the short circuit position as far as possible. At Partial heating, place temperature sensor ahead of heat conduction, for example, an opposite side of the position where heater is placed (fig). If it is difficult to set temperature sensor directly, place on the position where the continuous temperature rise of Initiation cell can be checked.
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