
 
 
 
 

 ARL-TR-10275 ● JAN 2026 
  
 
 
 

 
 
 
Creating a Physical Sheep Head Surrogate from 
a Segmented CT Scan 
 
by Christopher G. Sinks, Ian M. Berke, Louis J. Dankovich IV, 
Brian Fagan, Erika Matheis, and W. David Hairston  
 
 
 
 
 
 
 
 
 
 
 
DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 



 

 

NOTICES 
 

Disclaimers 
The findings in this report are not to be construed as an official Department of the 
Army position unless so designated by other authorized documents. The views and 
conclusions contained in this document are those of SURVICE Engineering and 
ARL. 

Citation of manufacturer’s or trade names does not constitute an official 
endorsement or approval of the use thereof. 

Destroy this report when it is no longer needed. Do not return it to the originator. 



 

 

 
 
 

 ARL-TR-10275 ● JAN 2026 

 

 
 
Creating a Physical Sheep Head Surrogate from a 
Segmented CT Scan 
 
Christopher G. Sinks, Ian M. Berke, Brian Fagan, and  
W. David Hairston  
DEVCOM Army Research Laboratory 
 
Louis J. Dankovich IV 
Oak Ridge Associated Universities 
 
Erika Matheis 
SURVICE Engineering Company 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 



 

ii 

REPORT DOCUMENTATION PAGE 

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED 
START DATE END DATE 

January 2026 Technical Report 1 March 2025 1 September 2025 
4. TITLE AND SUBTITLE 

Creating a Physical Sheep Head Surrogate from a Segmented CT Scan 
5a. CONTRACT NUMBER 5b. GRANT NUMBER 5c. PROGRAM ELEMENT NUMBER 

W15P7T-19-D-0126, W911NF-23-2-02025   
5d. PROJECT NUMBER 5e. TASK NUMBER 5f. WORK UNIT NUMBER 

   
6. AUTHOR(S) 

Christopher G. Sinks, Ian M. Berke, Brian Fagan, W. David Hairston, Louis J. Dankovich IV, and Erika Matheis 
 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 

REPORT NUMBER 
DEVCOM Army Research Laboratory 
ATTN: FCDD-RLA-FC 
Aberdeen Proving Ground, MD 21005 

ARL-TR-10275 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S 
ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

   

12. DISTRIBUTION/AVAILABILITY STATEMENT 
DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 

13. SUPPLEMENTARY NOTES 
ORCIDs: Christopher G. Sinks, 0009-0003-5693-0274; Ian M. Berke, 0000-0002-6639-5506; Louis J. Dankovich IV, 0000-0002-9768-
9195; Erika Matheis, 0000-0002-5122-1503; W. David Hairston, 0000-0003-4432-8430 
14. ABSTRACT 

Testing on live biological systems involves many processes and uncontrolled variables that can incur high costs and introduce undesired 
complexity into experimentation. Here, we develop a surrogate head device that allows for bench-level testing of bio-similar materials to 
reduce the need for live-animal experimentation. We take a segmented scan from a Dorper sheep and, through a combination of hydrogel 
chemistry and 3-D printing, create a multilayer head with embedded sensors to help confirm computational simulations of various 
conditions. While we still require significant iteration to fully reproduce every tissue type and geometry, we have created a base surrogate 
that has successfully been used in testing. 
15. SUBJECT TERMS 

Humans in Complex Systems, Tissue Surrogates, Tissue Phantoms, Tissue Simulant, 3D-Printing, Additive Manufacturing, Sheep 
Modeling, Hydrogels, Stereolithography, Fused Deposition Modeling 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF ABSTRACT 18. NUMBER OF PAGES 

a. REPORT b. ABSTRACT C. THIS PAGE 
 

UU 

 

26 UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED 
19a. NAME OF RESPONSIBLE PERSON 19b. PHONE NUMBER (Include area code) 

Christopher G. Sinks (520) 691-5358 
STANDARD FORM 298 (REV. 5/2020) 

 Prescribed by ANSI Std. Z39.18 
  



 

iii 

Contents 

List of Figures iv 

Acknowledgments v 

1. Introduction 1 

2. Methods 1 

2.1 Model Development and Printing Preparation 1 

2.2 Printing Procedure 5 

3. Conclusion and Future Work 11 

4. References 12 

Appendix A. CAD Drawing of Base and Probe Guide 13 

Appendix B. Rigid 10k Technical Data Sheet 16 

Appendix C. PPS-CF Technical Data Sheet 17 

List of Symbols, Abbreviations, and Acronyms 18 

Distribution List 19 

 



 

iv 

List of Figures 

Figure 1. Original scans of the Dorper sheep. .................................................. 2 

Figure 2. Skull and head extracted from the full sheep segmentation. ............. 2 

Figure 3. Close-up of the fiber clip on the forehead. (The large void in the 
bottom center of the image is the eye socket and the nose is pointed 
upward). ............................................................................................. 3 

Figure 4. The temperature probe embedded in the forehead and clipped into a 
rostral, dorsal position. See Figure 9 for a full view. ........................ 4 

Figure 5. Probe cannula and elastomer insert; top: disassembled; bottom: 
assembled. ......................................................................................... 4 

Figure 6. A) is the casting case, B) the main skull model, C) the cannula for 
sensors, and D) is a flexible guide to hold the specific temperature 
sensor in the cannula. ........................................................................ 5 

Figure 7. Half of the case around the skull. ...................................................... 6 
Figure 8. CT slice of the completed surrogate. Some small voids remain, but 

sensed areas are fully filled. .............................................................. 7 

Figure 9. Full view of the completed sheep head surrogate. ............................ 8 
Figure 10. A) Coronal and B) sagittal plane views highlight the surrogate 

outside of the insulating test chamber. C) and D) show the surrogate 
within the insulated testing chamber along with embedded and 
affixed fiberoptic probes. White–gray carrots highlight HVAC 
inlet/outlets that influence test results. Color-coded stars highlight 
sensor and fiber locations: purple = brain embedded, blue = skin 
embedded, red = skin surface, orange = internal ambient, and green 
= external ambient. .......................................................................... 10 

Figure 11. Thermal data can be simultaneously captured from upward of five 
probes simultaneously. Black carrots highlight when testing facility 
HVAC trips off, slow rises in the external ambient temperature can 
be observed (right axis). Simultaneously, this cycling can be 
observed to affect, to a lesser degree, probes within the insulated 
testing chamber (left axis). Within the inset, all data is plotted on 
one axis to illustrate the lagging thermal effects observed within the 
insulated testing chamber. Testing facility HVAC was set to 
maintain a temperature of 23.9 °C. ................................................. 11 

Figure A-1. Skull base stand. .............................................................................. 14 

Figure A-2. Probe guide. ..................................................................................... 15 
 

  



 

v 

Acknowledgments 

The research reported in this document was performed in connection with 
contract/instrument W15P7T-19-D-0126 with the U.S. Army Combat Capabilities 
Development Command (DEVCOM) Army Research Laboratory (ARL). 

The study was funded in part by Oak Ridge National Laboratories (Grant Number 
W911NF-23-2-02025). 

 



 

1 

1. Introduction 

Biological systems are complex; understanding these systems is often done via 
simplified computational modeling. There is a large gap between a computational 
model of a biological system and the true functioning biology it is intended to 
represent. Confirming these models in vivo can require extensive sensing, 
expensive testing, and many iterations of animal experimentation, presenting 
significant challenges, both practical and ethical, in determining a biological 
system’s response to a given stimulus. Surrogate devices, sometimes referred to as 
a “phantom,” are typically used to bridge this gap. Phantoms are constructed from 
materials that imitate tissue on important parameters (mechanical, electrical, 
thermal, etc.) at an intermediate level of complexity necessary to confirm models’ 
validity toward biological effects. 

Here, we construct a first-generation surrogate of a Dorper sheep head derived from 
a live-animal CT scan and add pressure or temperature sensors so we can observe 
likely effects of electromagnetic radiation on animal subjects. Our computational 
modeling team provided a short list of design considerations and a segmented scan, 
and we produced a 3-D multilayer tissue surrogate simulating layers of brain, bone, 
bulk soft tissue, and skin. 

2. Methods 

2.1 Model Development and Printing Preparation 

We were supplied with full-body scans of a Dorper sheep, segmented into skeleton 
and soft tissue. To develop a physical, 3-D model of this scan, the scan was first 
imported to Blender 4.2 (Blender 2024) and rendered as a 3-D computer model 
(Figure 1). All models are 1:1 scale with the original sheep. The model was then 
severed near the base of the C1 vertebrae to capture the anatomy relevant to the 
intended surrogate while also accommodating the dimensions of our in-house 
Formlabs 3BL, large-format stereolithography 3-D printer (Formlabs Inc., 
Somerville, Massachusetts). Detached geometry was removed, and to correct 
poorly constructed geometry, the model was remeshed at a 0.5 mm voxel size. The 
ears were deemed unnecessary by the computational modeling team for this 
experiment and omitted from the soft tissue model until a later iteration. Any 
resultant holes in the surface were filled in and contoured using filling and sculpting 
tools included in the Blender software. Figure 2 shows the first usable iteration of 
skull and soft tissue. 
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Figure 1. Original scans of the Dorper sheep. 

 

 
Figure 2. Skull and head extracted from the full sheep segmentation. 

To supplement the head model, we required a base to orient, stabilize, and support 
the vertebrae and skull during casting, cooling, and testing. A drawing is included 
as Appendix A. The radius of the base was chosen to ensure it would support not 
only the skull print but also the eventual casting of the soft tissue material. A hole 
was centered where the spine meets the skull to allow casting of the soft tissue 
simulant in both the cranial cavity and outer soft tissue. 

Two fiber-based sensing positions on the surrogate were requested—center of the 
forehead and center of the cranial cavity. The forehead position was accomplished 
by adding a series of C-shaped clips (Figure 3) to the base and skull; the soft tissue 
was sculpted in Blender to ensure full coverage of the clips. These clips allow a 
single fiber-based sensor to be placed on the forehead of the surrogate (Figure 4). 
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To center a sensor in the cranial cavity, we built a rigid cannula with an insert 
printed from Formlabs Elastic 50A (Formlabs Inc.; Somerville, Massachusetts) to 
hold the sensor in a specific position. This has a matching sleeve attached to the 
skull and allows for easy location of any desired sensor (Figure 5). This cannula 
and sleeve can be adapted to other sensors as necessary.  

 
Figure 3. Close-up of the fiber clip on the forehead. (The large void in the bottom center of 
the image is the eye socket and the nose is pointed upward). 
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Figure 4. The temperature probe embedded in the forehead and clipped into a rostral, 
dorsal position. See Figure 9 for a full view. 

 

 

 
Figure 5. Probe cannula and elastomer insert; top: disassembled; bottom: assembled. 

For the first generation, we built a case around the skull that created a void in the 
shape of the desired soft tissue. This was accomplished via a “shrinkwrap” modifier 
in Blender that allowed us to create a negative of a surface, followed by sculpting 
to accommodate otherwise sharp edges (e.g., the fiber clips). Lastly, the case was 
bisected to separate the halves across roughly the highest point along the skull to 
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make the mold mostly concave and easier to release. Figure 6 is an exploded view 
of the full model. 

 
Figure 6. A) is the casting case, B) the main skull model, C) the cannula for sensors, and D) 
is a flexible guide to hold the specific temperature sensor in the cannula. 

2.2 Printing Procedure 

The skull, base, and fiber clips were assembled in Blender and exported to print on 
a Formlabs 3BL in Rigid 10k Resin (Technical Data Sheet [TDS], Appendix B) as 
it is a reasonable approximation of bone. This was set to print at 0.05 mm layer 
height over 2.5 days. The model was washed in 99% isopropyl alcohol for two  
10-min cycles, then cured at 40 ℃ in a Form Cure L (Formlabs Inc.; Somerville, 
Massachusetts) for 1 h. We chose a lower-than-standard temperature for the cure, 
as the normal 60 ℃ was causing warping and sagging of the support base. Supports 

A A 
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were left attached during the cure cycles to help combat warping. Supports were 
then carefully removed to ensure small features were left intact, and the outer 
surfaces were lightly sanded to remove support markings. Interior surfaces were 
sanded at friction fit spaces only. 

The soft tissue case was printed from Bambu PPS-CF (carbon-fiber–reinforced 
polyphenylene sulfide) filament (TDS, Appendix C) on a Bambu Lab X1E printer 
(Bambu Labs; Shenzhen, China). No postprocessing was required. A thin layer of 
room-temperature-vulcanizing silicone was applied to the mating surface of the 
case, pressed together around the skull and attached sensors, and then secured with 
clamps and zip-ties. Figure 7 shows the skull inset in half of the case. 

 
Figure 7. Half of the case around the skull. 

We prepared Agarose RA (Avantor; Radnor, Pennsylvania) at 3.5% w/w in 70/30 
w/w glycerol/deionized (DI) water with 1% w/w NaCl. Three identical 1-L batches 
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were prepared in parallel, then combined in a 4-L beaker and degassed in an 
ultrasonic bath (Elmasonic P120H; Elma Schmidbauer Singen, Germany) at 80 ℃ 
for 15 min. Once fully clear, the agarose was poured into the mold, which was 
supported in a 2-L beaker. The beaker was filled with DI water, and the assembly 
was placed in the same ultrasonic bath on a degas setting with the heater shut off, 
allowing the assembly to cool from 80 ℃ to room temperature overnight and set. 
Small bubbles at the surface confirmed the release of small air pockets during 
cooling. 

To confirm probe placement and gel permeation throughout the skull structure, we 
performed a CT scan of the finished surrogate. Sample slices are shown in Figure 8. 
Some small voids remain; however, the vast majority of the model perfused well, 
and the sensors are fully encapsulated in the agarose. Figure 9 shows four views of 
the completed head. 

 
Figure 8. CT slice of the completed surrogate. Some small voids remain, but sensed areas 
are fully filled. 
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Figure 9. Full view of the completed sheep head surrogate. 
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Figure 9. Full view of the completed sheep head surrogate (continued). 

To validate the functionality of the surrogate, it was used in a mock thermal test. 
The surrogate was placed within the testing facility and allowed to equilibrate to 
the set ambient temperature (23.9 °C) for 2 h. This surrogate was cast with two 
embedded fiberoptic sensors (THR-NS-1463; FISO Technologies, Quebec, QC, 
Canada) to measure superficial skin and deep brain affiliated thermal fluctuations 
(Figures 10A, B). To measure skin surface and ambient thermal fluctuations, PRB-
500 and PRB-242 probes were used, respectively (OSENSA; Burnaby, British 
Columbia, Canada). To reduce the influence of ambient heating, ventilation, and 
air conditioning (HVAC)-induced thermal fluctuations, the surrogate was placed 
within an insulated testing chamber (Figure 10C). Where appropriate, fibers were 
passed through a fiber feed port (Figure 10D) and mated with the FISO (SPC-HR) 
and OSENSA (FTX-300-LUX+) data acquisition systems. Data were acquired at 
greater than or equal to 2 Hz. Results highlight the influence of ambient thermal 
fluctuations, particularly at superficial locations (Figure 11); the deeply embedded 
sensor had minimal thermal fluctuation (<0.1 °C).  
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Figure 10. A) Coronal and B) sagittal plane views highlight the surrogate outside of the 
insulating test chamber. C) and D) show the surrogate within the insulated testing chamber 
along with embedded and affixed fiberoptic probes. White–gray carrots highlight HVAC 
inlet/outlets that influence test results. Color-coded stars highlight sensor and fiber locations: 
purple = brain embedded, blue = skin embedded, red = skin surface, orange = internal 
ambient, and green = external ambient.  
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Figure 11. Thermal data can be simultaneously captured from upward of five probes 
simultaneously. Black carrots highlight when testing facility HVAC trips off, slow rises in the 
external ambient temperature can be observed (right axis). Simultaneously, this cycling can 
be observed to affect, to a lesser degree, probes within the insulated testing chamber (left axis). 
Within the inset, all data is plotted on one axis to illustrate the lagging thermal effects observed 
within the insulated testing chamber. Testing facility HVAC was set to maintain a temperature 
of 23.9 °C.  

3. Conclusion and Future Work 

We successfully created a multilayer, anatomically accurate surrogate sheep head 
as a tool for testing and model validation. While this head is embedded with 
temperature sensors for testing response to certain stimuli, the cannula and clips 
can be modified and used for any sensor that can tolerate the embedding process. 
The cannula can be varied in size, though this would require a reprint of the skull 
structure.  

Some voids were noted within the skull structure upon CT. These can likely be 
resolved by preheating the skull and case to 80 ℃ and drawing a vacuum on the 
poured model. A lower temperature or free-radical-initiated soft tissue would allow 
more working time, and we are investigating other materials that both match soft 
tissue properties and improve working time.  

Going forward, we intend to increase the complexity of the mold to retain more soft 
tissue features, including sinus voids and ears. We plan to create a full case that 
allows the unit to self-support during casting. We hope to segment different soft 
tissues to change material by tissue type to better match living tissue properties, 
with priority toward a simulated brain in the cranial cavity and more biofidelic skin. 
Now that we have successfully developed a process for manufacturing multilayer, 
biofidelic surrogate heads, we can now iterate on this design as necessary to further 
improve anatomical representation, biofidelity, and integrated instrumentation to 
support experimentation and future needs.  
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Appendix A. CAD Drawing of Base and Probe Guide 
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The canula acts as a guide for the temperature sensor, protects the more delicate 
fiber optic components, and places it exactly where it needs to be in the center of 
the experimental volume. The canula’s central channel is contoured to fit the probes 
exterior profile to hold it securely in place. A 20° wedge is cut out from the exterior 
to the center to allow the probe to be inserted. A flange near the top prevents over-
insertion of the cannula and a channel cut into the flange allows application of a zip 
tie to add additional friction and pressure to further ensure the probe remains in a 
consistent location during experiments. The flange has a wedge cut from its bottom 
aspect that controls the angle of insertion into the experimental volume as a final 
control on placement. The skull base stand is shown in Figure A-1 and the probe 
guide in Figure A-2. 

 
Figure A-1. Skull base stand. 
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Figure A-2. Probe guide. 



 

16 

Appendix B. Rigid 10k Technical Data Sheet 
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Appendix C. PPS-CF Technical Data Sheet 
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RIGID RESIN


Rigid 10K
Resin for Rigid, Strong, Industrial-Grade Prototypes
This highly glass-filled resin is the stiffest material in our engineering 
portfolio. Choose Rigid 10K Resin for precise industrial parts that need to 
withstand significant load without bending. Rigid 10K Resin has a smooth 
matte finish and is highly resistant to heat and chemicals.


Short-run injection molds and inserts Heat resistant and fluid exposed 
components, jigs, and fixtures


Simulates stiffness of glass and 
fiber-filled thermoplastics


Aerodynamic test models


Prepared 10 . 07 . 2020 To the best of our knowledge the information contained herein is accurate. However, 
Formlabs, Inc. makes no warranty, expressed or implied, regarding the accuracy of these 
results to be obtained from the use thereof.Rev. 04 12 . 12 . 2022


V1 FLRG1001 * May not be available in all regions







MATERIAL PROPERTIES DATA Rigid 10K Resin


METRIC METHOD


Green UV Cure 1 UV 
+ Thermal Cure 2


UV Cure 
+ Media Blast


Tensile Properties


Ultimate Tensile Strength 55 MPa  65 MPa  53 MPa 88 MPa ASTM D638-14


Tensile Modulus 7.5 GPa 10 GPa 10 GPa 11 GPa ASTM D638-14


Elongation at Break 2% 1% 1% 1.7% ASTM D638-14


Flexural Properties


Flexural Strength 84 MPa 126 MPa 103 MPa 158 MPa ASTM D 790-15


Flexural Modulus 6 GPa 9 GPa 10 GPa 9.9 GPa ASTM D 790-15


Impact Properties


Notched Izod 16 J/m 16 J/m 18 J/m 20 J/m ASTM D256-10


Unnotched Izod 41 J/m 47 J/m 41 J/m 130 J/m ASTM D4812-11


Thermal Properties


Heat Deflection Temp.  
@ 0.45 MPa 65 °C 163 °C 218 °C 238 °C ASTM D 648-16


Heat Deflection Temp.  
@ 1.8 MPa 56 °C 82 °C 110 °C 92 °C ASTM D 648-16


Thermal Expansion, 
0-150 °C 48 μm/m/°C 47 μm/m/°C 46 μm/m/°C 41 μm/m/°C ASTM E 831-13


IMPERIAL METHOD


Green UV Cure 1 UV 
+ Thermal Cure 2


UV Cure 
+ Media Blast


Tensile Properties


Ultimate Tensile Strength  7980 psi  9460 psi  7710 psi 12700 psi ASTM D638-14


Tensile Modulus 1090 ksi 1480 ksi 1460 ksi 1600 ksi ASTM D638-14


Elongation at Break 2% 1% 1% 1.70% ASTM D638-14


Flexural Properties


Flexural Strength 12200 psi 18200 psi 15000 psi 22900 psi ASTM D 790-15


Flexural Modulus 905 ksi 1360 ksi 1500 ksi 1440 ksi ASTM D 790-15


Impact Properties


Notched Izod 0.3 ft-lbf/in 0.3 ft-lbf/in 0.3 ft-lbf/in 0.37 ft-lbf/in ASTM D256-10


Unnotched Izod 0.8 ft-lbf/in 0.9 ft-lbf/in 0.7 ft-lbf/in 2.5 ft-lbf/in ASTM D4812-11


Thermal Properties


Heat Deflection Temp.  
@ 0.45 MPa 149 °F 325 °F 424 °F 460 °F ASTM D 648-16


Heat Deflection Temp.  
@ 1.8 MPa 133 °F 180 °F 230 °F 198 °F ASTM D 648-16


Thermal Expansion, 
0-150 °C 27 μin/in/°F 26 μin/in/°F 26 μin/in/°F 23 μin/in/°F ASTM E 831-13







MATERIAL PROPERTIES DATA Rigid 10K Resin


Toxic Gas Generation


Testing Standard 
BSS 7239 (comparable to NFPA No. 258)


Maximum allowed concentration 
per BSS 7239 (ppm)


Flaming Mode (ppm) Non-Flaming Mode (ppm)


Hydrogen Cyanide (HCN) 150 1 0.5


Carbon Monoxide (CO) 3500 50 10


Nitrous Oxides (NOx) 100 < 2 < 2


Sulfur Dioxide (SO2) 100 < 1 < 1


Hydrogen Fluoride (HF) 200 < 1.5 < 1.5


Hydrogen Chloride (HCl) 500 1 < 1


Smoke Density Specific Optical Density


Testing Standard @ 90 sec @ 4 min Maximum


ASTM E662 Flaming Mode 2 95 132


ASTM E662 Non-Flaming Mode 0 1 63


Flammability


Testing Standard Rating


UL 94 Section 7 (3 mm) HB


SOLVENT COMPATIBILITY
Percent weight gain over 24 hours for a printed and post-cured 1 x 1 x 1 cm cube immersed in respective solvent:


Solvent 24 hr weight gain, % Solvent 24 hr weight gain, %


Acetic Acid 5% < 0.1 Isooctane (aka gasoline) 0


Acetone < 0.1 Mineral oil (light) 0.2


Isopropyl Alcohol < 0.1 Mineral oil (Heavy) < 0.1


Bleach ~5% NaOCl 0.1 Salt Water (3.5% NaCl) 0.1


Butyl Acetate 0.1 Sodium Hydroxide solution (0.025% 
PH 10) 0.1


Diesel Fuel 0.1 Water < 0.1


Diethyl glycol Monomethyl Ether 0.4 Xylene < 0.1


Hydraulic Oil 0.2 Strong Acid (HCl conc) 0.2


Skydrol 5 0.6 Tripropylene glycol 
monomethyl ether 0.4


Hydrogen peroxide (3%) < 0.1


All testing specimens 
were printed using 
Form 3


1 Data was obtained from parts 
printed using Form 3, 100 μm 
and post-cured with a Form Cure 
for 60 minutes at 70 °C.


2 Data was obtained from parts printed using Form 3, 100 μm and 
post-cured with a Form Cure for 60 minutes at 70 °C and an additional 
thermal cure at 90 °C for 125 minutes.








Bambu Filament
Technical Data Sheet V1.0


PPS-CF


• Basic Info
Bambu PPS-CF is a composite material made from carbon fiber-reinforced polyphenylene
sulfide. The combination of PPS resin and carbon fiber gives PPS-CF exceptional properties,
including excellent resistance to solvents, corrosion, heat, and flames. Additionally, it offers
superior strength, stiffness, and dimensional stability, making it a specialized engineering
plastic that meets the demands of unique and challenging applications.


• Specifications
Subjects Data
Diameter 1.75 ± 0.05 mm


Net Filament Weight 0.75 kg


Spool Material Cardboard Spool
(Temperature resistance 145 °C)


Spool Size Diameter: 200 mm; Height: 67 mm


• Recommended Printing Settings
Subjects Data


Drying Settings before Printing


Blast Drying Oven:
100 - 140 °C, 8-12 h


X1 Series Printer Heatbed:
110 - 120°C, 12 h


Printing and Storage Humidity < 20% RH (Sealed with desiccant)


Nozzle Size 0.4, 0.6 ( recommended), 0.8 mm
Nozzle Temperature 310 - 340 °C
Build Plate Type Smooth PEI Plate / Textured PEI Plate


Bed Surface Preparation Glue
Bed Temperature 100 - 120 °C


Cooling Fan 0 - 40%
Printing Speed < 100 mm/s


Retraction Length 0.8 - 1.4 mm







Retraction Speed 20 - 40 mm/s
Chamber Temperature 60 - 90 °C
Max Overhang Angle ~ 70°
Max Bridging Length ~ 40 mm


Support /


• Properties
Bambu Lab has tested the differing aspects in the performance of PPS-CF material, including
physical, mechanical, and chemical properties. Typical values are listed as followed:


Physical Properties
Subjects Testing Methods Data
Density ISO 1183 1.26 g/cm³


Melt Index 320 °C, 2.16 kg 11.48 ± 1.23 g/10 min
Melting Temperature DSC, 10 °C/min 284 °C


Glass Transition Temperature DSC, 10 °C/min 100 °C
Crystallization Temperature DSC, 10 °C/min 214 °C
Vicat Softening Temperature ISO 306, GB/T 1633 268 °C
Heat Deflection Temperature ISO 75 1.8 MPa 235 °C
Heat Deflection Temperature ISO 75 0.45 MPa 264 °C


Saturated Water Absorption Rate 25 °C, 55% RH 0.05%


Mechanical Properties
Subjects Testing Methods Data


Young's Modulus (X-Y) ISO 527, GB/T 1040 8230 ± 270 MPa
Young's Modulus (Z) ISO 527, GB/T 1040 2850 ± 160 MPa
Tensile Strength (X-Y) ISO 527, GB/T 1040 87 ± 5 MPa
Tensile Strength (Z) ISO 527, GB/T 1040 24 ± 3 MPa


Breaking Elongation Rate (X-Y) ISO 527, GB/T 1040 1.2 ± 0.4 %
Breaking Elongation Rate (Z) ISO 527, GB/T 1040 0.7 ± 0.3 %


Bending Modulus (X-Y) ISO 178, GB/T 9341 7160 ± 280 MPa
Bending Modulus (Z) ISO 178, GB/T 9341 2460 ± 190 MPa
Bending Strength (X-Y) ISO 178, GB/T 9341 142 ± 5 MPa
Bending Strength (Z) ISO 178, GB/T 9341 36 ± 4 MPa


Impact Strength (X-Y) ISO 179, GB/T 1043
27.8 ± 2.3 kJ/m²；
6.2 ± 1.6 kJ/m²


(notched)
Impact Strength (Z) ISO 179, GB/T 1043 2.8 ± 0.4 kJ/m²







Other Physical and Chemical Properties
Subjects Data
Odor Odorless


Composition Polyphenylene sulfide (PPS), carbon fiber
Skin Hazards No hazard


Chemical Stability Stable under normal storage and handling conditions
Solubility Insoluble in water


Resistance to Acid Resistant
Resistance to Alkali Resistant


Resistance to Organic Solvent Resistant
Resistance to Oil and Grease Resistant


Flammability Self-extinguishing when away from fire; flame-retardant
Thermal Decomposition and


Oxidation Products
Hydrocarbons, water, carbon oxides, sulfur dioxide,


sulfides
Odor of Thermal Decomposition


and Oxidation Products Characterized odor


• Specimen Test


Specimen Printing Conditions
Subjects Data


Nozzle Temperature 320 °C


Bed Temperature 110 °C


Printing Speed 60mm/s
Infill Density 100%


*All the specimens were printed at the following settings: Printer = X1E, Chamber Temperature
= 60 °C, Nozzle Temperature = 320 °C, Printing Speed = 60 mm/s, Bed Temperature = 110 °C,
Infill Density = 100%. If higher chamber temperature and nozzle temperature were used (i.g., 90
°C and 335 °C), higher mechanical properties would be obtained, especially the Z-direction's. All
the specimens were not annealed before testing. And the suggested annealing temperature of
models printed with Bambu PPS-CF is 180 to 220 °C, and the time is 6 to 12 hours. The
annealing effect depends on the annealing temperature, time and the print itself: size,
structure, infill and other printing settings; some prints may deform, warp and get decreased in
toughness after annealing. When drying the filament and annealing the prints, it‘s required to
use an oven that has big enough inside volume and can provides even temperature distribution,
such as a blast drying oven (forced-air drying oven), and the filament and prints need to be
away from the heater, and a micro-wave oven or kitchen oven is not compatible, otherwise the
filament and prints can get damaged.







1. Tensile Testing


2. Bending Testing


3. Impact Testing







• Disclaimer
The performance values are tested by standard samples at Bambu Lab, and the values are
for design reference and comparison only. Actual 3D printing model performance is related
to many other factors, including printers, printing conditions, printing models, printing
parameters, etc.


In the process of using Bambu Lab 3D printing filaments, users are responsible for the
legality, safety, and performance indicators of printing. Bambu Lab is not responsible for the
use of materials and scenarios and is not responsible for any damage that occurs in the
process of using our filaments.





