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1 General Information 

Report number VL0003/23/2610 

Test executed 
Christian 
Redlich 

Sascha Bruns 
Madeleine 
Stahl 

Report reviewed Sascha Bruns Antonio Nedjalkov 

Report approved Sascha Bruns Antonio Nedjalkov 

Pages 18 

Date of test 26. October 2023 

According to standard Based on LP906/P911 

Published 15.11.2023 

Test lab 

Name Fraunhofer HHI VoltaLabs GmbH 

Address 
Am Stollen 19H 
38640 Goslar 
Germany 

Schützenallee 10 
38640 Goslar 
Germany 

Customer 

Name Dry Fire System GmbH 

Address Leonberger Straße 22 • 71272 Renningen 

Manufacturer 

Name Dry Fire System GmbH 

Address Leonberger Straße 22 • 71272 Renningen 

Description test sample Storage container for critical vehicle batteries 

Model   

Dimensions HxBxL: 3600x3350x2700mm 
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2 Test key data 

Name DryFire Storage 

Type 
Storage container for critcal vehicle batteries 
unsafe for transport 

Serial number N/A 

Details (optional) 

 

Test Summary 

Possible results 

Not applicable N/A 

Test sample meets criteria PASS 

Test sample does not meet the criteria FAIL 

Test sample received 23. October 2023 

Test performed 26. October 2023 

 

Version Berichtsnummer Revision Bemerkung 

V1.0  145-613-2023-0039.1   

 
The present container was tested by Fraunhofer HHI in cooperation with the company VoltaLabs 
GmbH according to the test criteria of the transport regulations LP906 and P911. 
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3 Results 

Criteria Test sample number Norm/Standard Result 

Temperature on outer 
surface <100 °C 

 Based on LP906/P911  

No flames outside  Based on LP906/P911  

No fragments or 
projectiles 

 Based on LP906/P911  

Structural integrity  Based on LP906/P911  

AGEL-2 HF <9,8 mg/m³  Based on LP906/P911  

 

The evidence for passing the criteria is described in the following documentation and can be proven 

by the recorded measurement and video data. 

4 Test Equipment 

Name Art Typ 

Hioki Voltage data logger LR8431-20 

Logger Utility Software for logger Logger Utility Hioki 

Sony Video camera  

HF-Messgerät HF measuring device 
Dräger X-am 5100 HCI/HF 
Global 
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5 Test method and data 

5.1 Objective 

A storage container for critical vehicle batteries was tested on 26. October 2023. This was performed 

with two vehicle batteries, both of which had an energy content of just over 100 kWh.  With this test, 

it was intended to show that if a fully charged battery in the lower part of the storage container would 

go into thermal propagation, the battery above would not be damaged. Furthermore, the effects of 

battery destruction should not significantly influence to the outside area. During use in the storage of 

battery systems, the container should be resistant to damage scenarios such as an internal thermal 

runaway or similar cases in its immediate environment. As there are no specific rules and regulations 

for comparable storage containers, reference was made to dangerous goods regulations. 

The necessary criteria are therefore taken from the dangerous goods transport regulations LP906 and 

P911, which are to be implemented as strict and at least appropriate, if not excessive, for the storage 

case. 

 temperature on the outer sides may not exceed 100 °C significantly for a longer time 

 no flames on the outside of the container 

 no flying parts of fragments or projectiles 

 the container must be structurally intact after the test 

 the permitted concentration of hydrogen fluoride [hereinafter HF] may not exceed the 

permissible AGEL-2 value of 9.8 mg/m³ 

5.2 Specification of the battery modules 

5.2.1 Primary triggered battery system in the lower storage container 

Designation battery with NCM 811 12 modules/15 cells each 

Manufacturer CATL 

Nominal energy 100.8 kWh 

Nominal capacity 155 Ah 

Nominal voltage 650 V 

Installed modules prismatic 15s 8.75 kWh 

Installed cells prismatic 155 Ah 

Cell type prismatic 

 

5.2.2 Secondary sacrificial battery system in the upper storage container 

Designation Battery with NCM 811 pouch modules 

Manufacturer LG 

Nominal energy 106 kWh 

Nominal capacity  

Nominal voltage 650 V 

Installed modules 30 modules pouch, 6s 

Installed cells pouch 

Cell type pouch 
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5.3 Setup documentation 

5.3.1 Requirements 

1. At least 2 video cameras to record the testing 

a. Set-up positions shall be selected for capturing any projectiles or flames 

2. Sufficient thermal sensing elements [hereafter TC] on the modules to demonstrate thermal 

runaway [hereafter TR] 

3. Sufficient TC on the outside of the container, to confirm the outside temperature 

4. Gas sampling at strongest reaction to determine HF concentration for 20 up to 30 minutes 

5.3.2 Preparation of battery system 

The battery was charged by the customer and supplied with triggers and internal thermocouples. 

The inside of the container was lined with extinguishing material (accu grain) on the walls, floor, 

intermediate layer, doors and ceiling. As a final test preparation, the necessary TCs (thermocouples) 

were implemented. 

On the inside, the container was equipped with 4 TCs in order to determine the temperatures at the 

extinguishing agent pads and to be able to assess the temperature difference to the outer walls. 

The battery systems also had several TCs to enable the TR to be assessed. 

The container was equipped with 11 TCs on the outside in order to record the temperatures on the 

housing. 

 

 

Figure 5.1 – External TC distribution 
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5.3.3 Measurement and camera systems 

Two HD cameras were chosen for the video recording so that all sides of the container could be viewed. 

 

Figure 5.2 – Camera views 

Three LR8431 data loggers from Hioki with the associated "Logger Utility" software were used as the 

measuring system for the temperature and pressure measurement data.  

A gas measuring device from Dräger was used to determine the gas concentration. The measuring 

device was positioned at a lateral distance of approx. 4 m from the rear of the container and thus in 

the direction of flow of the escaping gas. 

5.4 Test procedure 

For the purpose of clarity, the procedure description and analysis of the test will be divided into three 

phases: 

1. Trigger of thermal runaway – initiating TR and propagation 

2. Propagation – propagation process 

3. Observation – after the propagation until the end of the data recording 

 

5.4.1 Triggering of thermal runaway 

The data recording was started at 9:39.59 and a short time later, at 9:42.15, the video recording was 

started, marking the time of the test. At this time, the temperature of the entire setup was around 

11 °C. 

Heating of the battery system began at 09:45.55. Heat development in the battery system was 

detected via the temperature recording. An average temperature rise of 35.73 K/min could be 

determined. 

At 09:53.23, the TR finally occurred, which was detectable by a sudden increase in TC "BU1" - "BU7". 

 

5.5 Propagation 

Propagation of the battery system continued until around 10:44 a.m.; this time can be traced by a 

steady drop at all TCs. The entire propagation therefore took place within 50 minutes. A periodic, 

sometimes strong, smoke development could be observed again and again. 
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5.5.1 Observation 

As soon as no further reaction was recorded at 10:44 a.m., the reaction phase was completed and 

observation of the container began. The temperature recording was continued until 15:49. 

No flame or projectile emissions were recorded during the entire test. The required temperature of 

100 °C was exceeded with a small deviation (less then 5 K) on the door, which is permissible. The peak 

value was 104.6 °C. 

5.6 Analysis 

5.6.1 Heating 

 

 

Figure 5.3 – Heating 

The heating phase started at a system temperature of approx. 11 °C and the TR was reached at a 

temperature of 278.8 °C. The average increase in temperature was 35.73 K/min. 

5.6.2 Propagation 

 

 

Figure 5.4 – Temperatures during propagation 

 

At the beginning of the propagation, temperatures in the interior were in the range of the TC 

measurement limit. 
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Figure 5.5 – Propagation temperatures outside 

During the entire reaction phase, the temperature limit of 100 °C was exceeded for approx. 11 

minutes. This resulted in a peak temperature of 104.6 °C in the lower area of the right-hand door. 

5.6.3 Observation 

 

 

Figure 5.6 – Temperatures during observation 

 

At the beginning of the observation phase, the temperature inside the battery system was still approx. 

550 °C, but steadily decreased over the entire observation period. It was therefore possible to validate 

that no further reaction took place. 
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Figure 5.7 – Temperatures observation outside 

 

During the observation phase, no significant temperature increase of the outer sides to over 100 °C 

could be detected.  



  Report number: 145-613-2023-0039.1 
 

 
Version: V1.0   Page 12 of 18 

5.7 Comparison with criterias 

The following criteria had to be met during the test: 

5.7.1 Temperature on the outer sides may not exceed 100 °C 

a. As already mentioned in the previous chapter, the temperature at the bottom right 

door was exceeded by 4 °C for 11 minutes during the reaction time. This is acceptable. 

5.7.2 No flames on the outside of the container 

a. No flames were recorded during the entire procedure. 

5.7.3 No ejection of fragments or projectiles 

a. No projectiles or fragments of the container or battery modules were visible. 

5.7.4 The container must be structurally intact after the test 

a. After inspecting the container at the end of the test, the container was completely 

intact. 

5.7.1 The permitted concentration of hydrogen fluoride may not exceed the permissible 

AGEL-2 value of 9.8 mg/m³ 

The concentration was measured by a Dräger X-am 5100 HCI/HF Global, which was located in the 

immediate vicinity of the container. There was no measurable HF concentration at any time. In 

addition, the device has an acoustic warning when the measured value is exceeded; the alarm was not 

triggered by an increased measured value at any time. 

 

5.8 Conclusion 

The DryFire Storage from DryFire serves as a safe temporary storage solution for defective e-vehicle 

batteries. In order to document the behavior of the storage container in an event of an e-vehicle 

battery being damaged, this container was tested with an e-vehicle battery with an 800 V system 

architecture, an 811 NCM cell chemistry and 100% SOC. In addition, another electric vehicle battery 

with an 800 V architecture was stored in the compartment above and thermally measured during the 

test to document its integrity. Taking into account the requirements of dangerous goods transport 

regulations, the requirements of LP906 were adopted as a guideline. The requirements from 5.7.1 to 

5.7.4 are taken from LP906 and were fully met with an acceptable temperature exceedance of 4.6 °C 

for 11 minutes. 

 

The pictures hereunder show the status of the battery at the end of the test. 
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5.8.1 Key table temperature data 

 

 

      

Figure 5.8 – Key table temperature data 
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6 Appendix 

6.1 Data sheets 

 

Figure 6.1 – Datasheet PicoLog TC-08 
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Figure 6.2 – Datasheet TC extension cable 



  Report number: 145-613-2023-0039.1 
 

 
Version: V1.0   Page 18 of 18 

 

Figure 6.3 – Datasheets TC Plugs 

 

6.2 List of figures 

FIGURE 5.1 – EXTERNAL TC DISTRIBUTION ........................................................................................................................ 7 
FIGURE 5.2 – CAMERA VIEWS ........................................................................................................................................ 8 
FIGURE 5.3 – HEATING ................................................................................................................................................. 9 
FIGURE 5.4 – TEMPERATURES DURING PROPAGATION ........................................................................................................ 9 
FIGURE 5.5 – PROPAGATION TEMPERATURES OUTSIDE ...................................................................................................... 10 
FIGURE 5.6 – TEMPERATURES DURING OBSERVATION ....................................................................................................... 10 
FIGURE 5.7 – TEMPERATURES OBSERVATION OUTSIDE ...................................................................................................... 11 
FIGURE 5.8 – KEY TABLE TEMPERATURE DATA ................................................................................................................. 15 
FIGURE 6.1 – DATASHEET PICOLOG TC-08 .................................................................................................................... 16 
FIGURE 6.2 – DATASHEET TC EXTENSION CABLE .............................................................................................................. 17 
FIGURE 6.3 – DATASHEETS TC PLUGS ............................................................................................................................ 18 

 

 


		2023-11-15T23:03:27+0100
	Antonio Nedjalkov




