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Dear Valued Customer, 
 
This letter responds to your request to provide specific information regarding the flame resistance properties of 
our Ultrafuse® PPSU filament. 
 
The Ultrafuse® PPSU filament is one of the few commercial filaments that meets the EN 45545-2 standard. The EN 
45545-2 is the sole standard for material fire behavior (toxicity, smoke density and oxygen-depletion), now adopted 
by EU nations. 
 
This letter confirms that Ignition Resistance of Ultrafuse® PPSU was tested according to classification standard DIN 
EN 45545-2:2016-02 Railway applications – Fire protection of railway vehicles - Part 2: Requirements for fire 
behavior of materials and components. The Ultrafuse® PPSU filament is processed as end use application in an 
upright build orientation by utilizing Additive Manufacturing. The accreditations by DAkkS are presented as 
attachment to this letter. 
 
Classification results: 
Ultrafuse® PPSU meets the following requirements: 

Classification: HL1-3 R26, R24, R23, R7 

UL94 V0 

Oxygen Content >32 %Oxygen 

CIT (NFX) 1.3 

CITg (50 kW/m2) 0.14 / 0.17 (1.5mm / 3.0mm thickness) 

Smoke VOF4 (50 kW/m2) 32 / 32 (1.5mm / 3.0mm thickness) 

Smoke DS(4) (25 kW/m2) 2 / 2 (1.5mm / 3.0mm thickness) 

Smoke DS(4) (50 kW/m2) 88 / 104 (1.5mm / 3.0mm thickness) 

Heat Release MARHE (50 kW/m2) 73 kW/m2 / 57 kW/m2 (1.5mm / 3.0mm thickness) 

Spread of Flame CFE 50.7 kW/m2 / 48.6 kW/m2 (1.5mm / 3.0mm thickness) 

 
 
  

 Flame resistance of  
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Further, complementing the railway overview table we have regrouped the following information to support our 
response, starting with the related items for the railway EN 45545-2 standard and a second section with 
continuative tests to delimit further demanding applications. 
 

1. Regarding the railway EN 45545-2 standard: 

• Test according to ISO 5660 Part I: 2015-09/Amd.1: 2019-08. Reaction-to-fire tests - Heat release, smoke 

production and mass loss rate Part 1: Heat release rate and smoke production rate. For a specimen with a 

thickness of 1.5mm the maximum rate of average heat emission (MAHRE) is 73kW/m2, set of 

requirements R7, hazard level HL2. For a specimen with a thickness of 3mm the maximum rate of average 

heat emission (MAHRE) is 57kW/m2, set of requirements R7, hazard level HL3. For further details please 

review Table 1Table 8Table 7 presented on page 4, Table 3 on page 8, and Table 4 on page 10. 

• Test according to ISO 5658 Part2: 2006- {19/Amd.1: 2011-11. Reaction to fire tests - Spread of flame - Part 

2: Lateral spread on building and transport products in vertical configuration. For a specimen with a 

thickness of 1.5 mm the critical heat flux at extinguishment (CFE) is 50.7 kW/m2, set of requirements R7, 

hazard level HL3. For a specimen with a thickness of 3mm the critical heat flux at extinguishment (CFE) is 

48.6 kW/m2, set of requirements R7, hazard level HL3. For further details please review Table 1Table 8Table 

7 presented on page 4, Table 5 on page Table 512, and Table 6 on page 14. 

• CIT (NFX): 1.3 [dimensionless]. For further details please review Table 2Table 1Table 8Table 7 presented on 

page 6. 

• CITG (50 kW/m2): 0.14 [dimensionless]for a specimen with a thickness of 1.5mm and 0.17 [dimensionless] 

for a specimen with a thickness of 3mm. For further details please review Table 2Table 1Table 8Table 7 

presented on page 6. 

• Smoke VOF4 (50 kW/m2): 32 [dimensionless] for a specimen with a thickness of 1.5mm and 32 

[dimensionless]. For a specimen with a thickness of 3mm. For further details please review Table 2Table 

1Table 8Table 7 presented on page 6. 

• Smoke DS (4) (25 kW/m2 ): 2 [dimensionless] for a specimen with a thickness of 1.5mm and 2 

[dimensionless] for a specimen with a thickness of 3mm. For further details please review Table 2Table 

1Table 8Table 7 presented on page 6. 

• Smoke DS (4) (50 kW/m): 88 [dimensionless] for a specimen with a thickness of 1.5mm and 104 
[dimensionless] for a specimen with a thickness of 3mm. For further details please review Table 1Table 
8Table 7 presented on page 4. In reference to the UL94 Standard for Safety of Flammability of Plastic 
Materials for Parts in Devices and Appliances testing our Ultrafuse® PPSU material is tested in 3D printed 
specimens complying and fulfilling the requirements in reference to the UL94 V-0 standard with a wall 
thickness of 1.5- and 3-mm. Meaning, that it is classified as self-extinguishing. For further details please 
review Table 7 presented on page 16. 
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2. Ultrafuse® PPSU filament has been subjected to further flame retardancy testing, summarized 
below: 

• Glow wire on end product test (GWEPT) is performed on 3D printed specimens per IEC 60695-2-11. The 
glow wire testing is an electrical safety test designed to evaluate the flame-resistant properties of plastic 
materials used in electrical devices. Based on the Glow Wire Test, the weakest “ZX / upright direction” 3D 
printed specimens from Ultrafuse® PPSU passed the GWEPT without dripping at 960 ⁰C when testing a 
specimen with a wall thickness of 1.5 mm and the 960 ⁰C with a wall thickness of 3 mm. For further details 
please review Table 8Table 7 presented on page 17 and Table 9 presented on 18. 

• Flammability F1 60 sec. vertical PASSED; Burn Length 203mm, Flame Time 1s, dripping flame time 3s. 
(Specimen thickness 1.6 and 6.35 mm) FAR 25.853 (a) 

• Flammability F2 12 sec. vertical PASSED; Burn Length 203mm, Flame Time 1s, no dripping. (Specimen 
thickness 1.6 and 6.35 mm) FAR 25.853 (a) 

• HR Total Heat Release (65) 44 / 3 [KW*min/m2] PASSED (Specimen thickness 1.0 and 4.0 mm) FAR 25.853 
(d) 

• HRRmax Maximum Heat Release Rate (65) 61 [KW/m2] PASSED (Specimen thickness 1.0 mm) FAR 25.853 
(d) 

• Optical Smoke Density DS (4) (200) PASSED; 3 / 2 (Specimen thickness 1.0 and 4.5 mm) FAR 25.853 (d) 

• Smoke Toxicity PASSED (Specimen thickness 1.5 and 4.5 mm) AITM 3.0005 
o CO (ppm) (≤1000) 26 / 42 
o HCN (ppm) (≤150) 0 / 0 
o HF (ppm) (≤100) 0 / 0 
o HCI (ppm) (≤150) 1 / 1 
o SO2 (ppm) (≤100) 0 / 0 
o NOx (ppm) (≤100) 7 / 8 

 

 
 
Further information can be accessed on our ForwardAM website. Specific technical information regarding the 
Ultrafuse® PPSU filament is available by clicking on the following link; click here. 
 
  
DISCLAIMER:  
We give no warranties, expressed or implied, concerning the suitability of above-mentioned product for use in any 
device and applications. 
 
All information contained in this document is given in good faith and is based on sources believed to be reliable and 
accurate at the date of publication of this document. It is the responsibility of those to whom we supply our 
products to ensure that any proprietary rights and existing laws and legislation are observed. The certificate is 
exclusively for our customers and respective competent authorities. It is not intended for publication either in 
printed or electronic form (e.g. via Internet) by others. Thus, neither partial nor full publication is allowed without 
written permission. 
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Table 1 Summary of results and classification according to DIN EN 45545-2:2016-02 Set of 
requirements: R7; Final classification HL2. 
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Table 2 Summary of results and classification according to DIN EN 45545-2: 2016-02 Set of requirements: 
R23 and R24; Final classification HL3. 
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Table 3 Summary of results and classification according to DIN EN 45545-2: 2016-02 Set of requirements: R7; 
Final classification HL3. 
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Table 4 Summary of results and classification according to DIN EN 45545-2: 2016-02 Set of requirements: R7; 
Final classification HL2. 
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Table 5 Summary of results and classification according to DIN EN 45545-2: 2016-02 Set of requirements: 
R7; Final classification HL3. 
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Table 6 Summary of results and classification according to DIN EN 45545-2: 2016-02 Set of requirements: 
R7; Final classification HL3. 

mailto:contact@ultrafusefff.com
mailto:sales@basf-3dps.com


  

  

Contact information: 
BASF 3D Printing Solutions B.V. 
contact@ultrafusefff.com 
sales@basf-3dps.com 

 

THIS PUBLICATION HAS BEEN COMPILED WITH GREAT 

POSSIBLE CARE, NO RIGHTS MAY BE DERIVED FROM ITS 

CONTENTS. 
 

Page 15 of 19 

 

  

mailto:contact@ultrafusefff.com
mailto:sales@basf-3dps.com


  

  

Contact information: 
BASF 3D Printing Solutions B.V. 
contact@ultrafusefff.com 
sales@basf-3dps.com 

 

THIS PUBLICATION HAS BEEN COMPILED WITH GREAT 

POSSIBLE CARE, NO RIGHTS MAY BE DERIVED FROM ITS 

CONTENTS. 
 

Page 16 of 19 

 

  Table 7 Summary of results and classification according to IEC 60695-11-10:2014 vertical 
(equivalent to UL94:2020). Set of requirements: R26 (EL10); Final classification HL1-3 (V0). 
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Table 8 Summary of results and classification according to DIN IEC 60695-2. Result: the GWEPT 
without dripping at 960 ⁰C when testing a specimen with a wall thickness of 1.5 mm 
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Table 9 Summary of results and classification according to DIN IEC 60695-2. Result: the GWEPT 
without dripping at 960 ⁰C when testing a specimen with a wall thickness of 3 mm 
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