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SABATAIR Research Project

Assessment of the effectiveness of the test methods as described in draft 
AS6413 dated 12th November 2018 issued by the SAE G-27 Committee

→ Give inputs and recommendations to the SAE G-27 committee 

Study and assess the effectiveness of potential mitigating measures against 
fire risk related to the transport of lithium metal and lithium ion batteries on 
Large Aeroplanes.

Develop guidelines to support the production of a safety risk assessment for 

operators.  
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Task 2: assessment of draft AS6413
Initial objectives

Review of three test methods from the draft SAE AS6413 (Nov 2018 version): 

- Test(VIII) Reduced Cell configuration 

- Test (VII): Generic packaging

- Test (I) Cells and/or batteries in specific packaging

→ Verify that reduced cell configuration test results match the results of Test(I) and Test (VII)

Construction of test rig inline with draft SAE AS6413 

Review of available packaging and key failure modes

Evaluation of repeatability of test results with focus on failures

Recommendation of improvements
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Task 2: assessment of draft AS6413

Conclusion of the first set of tests with the reduced cell configuration

→ Limited repeatability of test results both at 30% and 100% SOC.

Main identified cause: control of the heater band from the other side of the 
cell results in inconsistent results.

Identified key variables: 

Type, position and method of control of the heater

Amount of heat not directly transferred to the initiation cell
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Task 2: assessment of draft AS6413
Proposed set up improvements

Tighter control of the heat transfer to the initiation cell:

contact between the heater and the initiation cell is ensured by means of a metallic adapter 
of specified material and size;

the contact area between the adapter and the initiation cell is specified.

Insulation should fully encapsulate the heater and the adapter except for the contact 
area with the initiation cell.

No heat transfer from the heater to: 

cells other than the initiation cell

the packaging.

Temperature of the initiation cell monitored in proximity of the contact area with the 
heater and not at the back of the cell. 
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Task 2: assessment of draft AS6413
Conclusions

1) The proposed test setup ensures that:

repeatable results (thermal runaway events) are generated using linear temperature increase;

a thermocouple close to the contact surface with the heater can be used to monitor the temperature of 
the initiation cell;

the amount of energy transferred by the heater to the packaging and to the cells adjacent to the 
initiation cell is minimized;

a tighter range of the rate of temperature increase could be specified.

2) The area of the contact surface between the initiation cell/battery and the heater adapter may be 
function of the size/design of the cell/battery to be tested.

3) Monitoring voltage drop does not significantly help determining if thermal runaway of the 
initiation cell is on-going.
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Task 3: additional mitigating measures
The goal was to propose additional measures to be used together with 
packaging as part of a multi-layered approach for the mitigation of 
hazards associated to the transportation of lithium batteries by air. 

1) Prognostic software @ ALGOLiON

2) Thermal Runaway modeling @ VITO

3) SAE G-27 conditions @ Impact Solutions

4) Class C cargo compartment fire tests  @ DLR (Task 4)
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Task 3: prognostic alghorithm
Accesses current and voltage from battery 
control unit during charge and discharge

Option: use a dedicated analysis unit to 
‘QC’ check cells

Processes and analyzes signals

Calculates several high sensitivity unique 
parameters

Detects early signs of changes in cell 
leading to safety hazards

Provides real time notifications 

Triggers  preventive action
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Task 3: prognostic alghorithm
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Task 3: thermal model
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Task 3: thermal model
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Task 3: thermal model
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Task 3: thermal model
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Task 4: objectives
Scope of Task 4: evaluation of the effectiveness of mitigating for lithium battery fires 
measures through testing in an environment representative of a typical large 
aeroplane Class C cargo compartment

The fire scenario selected for Task 4 is the External Fire: to which extent 18650 cells 
(in UN 3840 packaging) transported in a Class C cargo compartment are affected by a 
cargo fire (not a battery fire) developing in their proximity.
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Task 4: test setup
Tests were conducted in the cargo compartment Halon

replacement MPS test chamber at DLR (Trauen, Germany)
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Task 4: test setup
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Task 4: test setup
Architecture of the fire suppression system



29

Task 4: test setup
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Task 4: test procedure
Start the ventilation system (20 l/s)

Ignite the ignition box

Record the time when the temperature readings inside 2 
different battery boxes exceed 80°C 

Stop the ventilation system

Wait for 60sec

Start the Halon Fire Suppression System

Continue the test and record the data for another 180 minutes
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Sabatair: test results
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Task 4: Halon baseline test 
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Task 4: Halon + FCC test 
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Task 4: conclusions
Only 18650 cells from two manufacturers were tested: additional tests 
should be performed with different cell designs from different 
manufacturers.

FCC provide significant mitigation to the severity of the event: no testing was 
conducted with additional mitigating measures (thermal acoustic insulation).
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Task 5: Objectives

Initial: Develop a generic risk assessment method based on the results 
obtained from the previous tasks. The RA was aimed at supporting air 
transport operators in defining the appropriate requirements for a safe 
transport of battery consignments.

Change: Develop guidance for air transport operators:

Operators can use different tools and methods.

Support operators in the identification of the risks related to the 
transport of lithium batteries and of the measures needed to mitigate 
these risks.
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Task 5: Step 1
The outcome of the previous Tasks provides an extensive list of examples 
that illustrate the hazards and associated potential risks to be considered in 
the safety risk assessment. 

A process of mapping was developed, from the acceptance of a booking, to 
transporting and offloading the batteries at the destination. 

The following seven key actors in the supply chain were identified:
Cell/Battery Manufacturer

Packer

Shipper

Freight Forwarder

Ground Handling Agent

Operator

Aircraft Manufacturer
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Task 5: Step 2

Based on the data collected from the detailed mapping, a questionnaire was 
created in preparation for the Sabatair Risk Assessment for the Air Transport 
of Battery Consignments Workshop held in Brussels 6th to 7th June 2019. 

Several EU stakeholders from the lithium cell air transport supply chain 
(operators, ground handling agents, lithium battery experts, aircraft 
manufacturers …) attended the workshop

The outcomes from the two-day workshop can be found in the project 
deliverables. 
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Task 5: Step 2
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Task 5: Step 3

The risk assessment guidance was created based on the outcome of the 
workshop. 
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Task 5: conclusions
SABATAIR guidance on the transport of lithium batteries complements ICAO’s 
guidance on transport of dangerous goods

Although not all the hazards, risks and mitigating measures that are addressed in the 
Guidance may be relevant for every operator, reviewing the document will certainly 
contribute to raising the level of awareness of the existence of certain hazards, and 
may give useful indications of how the associated risks may be mitigated to an 
acceptable level. 

These safety risk assessment guidance do not focus on or recommend the use of a 
specific risk assessment model or tool. Whichever model the operator chooses, the 
capabilities and limitations of the model need to be taken into account, including 
aspects such as ease of use, accessibility, analytical rigour and adaptability.
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SABATAIR
Main Results:

▪ Performed tests to improve and validate the packaging 
standard developed by the SAE G27

▪ Assessed and proposed additional mitigating measures to 
prevent the involvement of batteries in an external cargo fire 

▪ Developed guidance to operators to perform risk 
assessments for the transport of lithium batteries as cargo

Final report and project deliverables published in December 
2020 on the project website 

(https://sabatair.vito.be/en/reports)

https://sabatair.vito.be/en/reports
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