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Figure 1.13 Scalability costs of gantry systems. (a) Cost implications of scaling the x-axis.
(b) Cost implications of scaling the y-axis. (c) Cost implications of scaling the z-axis and
(d) cost impact of increasing allowable deflection. Source: Adapted from Roschli et al. [32].

address the challenges of gantry systems, several alternative configurations have
been explored [32]:

Track-mounted printers (Figure 1.14a): These systems extend build volume
along one axis, typically the x-axis, by mounting a robotic arm or print head on
a track [37]. This setup is ideal for producing long, straight parts or consecutive
similar components. However, track-mounted systems still face cost challenges,
including structural reinforcement for long tracks, and do not address constraints
in the other two dimensions.

45°-belt printers (Figure 1.14b): Utilizing a conveyor belt instead of a fixed
print bed, these printers achieve infinite build volume along the belt’s direction
[38, 39]. The 45°-orientation reduces layer times by limiting the profile of each
layer to a cross-sectional segment rather than the full perimeter. While effective
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Figure 1.14 Various alternative modular and mobile configurations designed to create
adaptive workspaces that extend beyond the physical footprint of the machine itself. These
configurations include the following: (a) Track-mounted systems; (b) 45° belt printers;

(c) freeform-following printers; (d) cable-driven printing systems; and (e) multiagent
printing system. Source: (a) Ref. [33] / European Commission; (b) Ref. [34] / BLACKBELT;

(c) Ref. [35] / 3D Printing Industry; (d) Chessera et al. [36], Oak Ridge National Laboratory /
U.S. Dept. of Energy / Public Domain; (e) Oak Ridge National Laboratory / Public Domain.

for continuous production of long parts, scalability in the other two dimensions
is limited, and additional hardware, such as support rollers, may be needed,
increasing costs and space requirements.

Freeform following printers (Figure 1.14c): Systems like MX3D [40] use
robotic arms mounted on previously printed structures, enabling unlimited
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build volumes. This configuration allows for freeform manufacturing, but
lightweight or delicate parts may require additional support to handle the robot’s
weight. Challenges include utility delivery, positional accuracy, and the need for
advanced path-planning technologies.

Cable-driven printers (Figure 1.14d): These systems suspend the print head via
cables, offering high payload-to-weight ratios and large workspaces. While they
reduce the need for large structural components, challenges include workspace
optimization, positional accuracy, and scalability in throughput, particularly
when multiple systems need to work collaboratively.

Multiagent printing (Figure 1.14e): Multiple robotic arms or mobile platforms
collaborate to print large-scale parts. This increases throughput and scalability,
but challenges remain in coordination, path optimization, and bonding between
sections. These configurations significantly improve productivity but require
sophisticated algorithms to optimize path planning and ensure alignment.

The future of LFAM will likely combine traditional gantry systems with innovative
configurations such as robotic, track-mounted, and multiagent systems. Convergent
manufacturing approaches that integrate advanced AM and subtractive techniques
will be critical for achieving scalability and precision. Advancements in control algo-
rithms, material science, and modular system designs will be essential to overcoming
current limitations, enabling economically viable solutions.

1.5 Conclusions

The chapter reviews the evolution of LFAM for polymers and composites, focusing
on innovations such as the shift to pellet-based feedstock, large build volumes, and
auxiliary systems like heated chambers, bead compaction tools, and multimaterial
printing. These advancements enhance functionality, scalability, and material
efficiency, enabling applications in aerospace, automotive, construction, and
tooling. LFAM’s ability to produce large, high-performance parts with complex
geometries has driven adoption in industries requiring strong, lightweight compo-
nents. Challenges like scaling costs, structural deflection, and control precision are
discussed alongside emerging solutions, such as robotic systems, hybrid AM-CNC
(Additive Manufacturing devices assisted with CNC machining in situ) platforms,
and advanced control algorithms, which promise to further enhance the economic
and technological potential of LFAM.

References

1 Sieminski, P. (2021). Introduction to fused deposition modeling. In: Additive
Manufacturing, 217-275. Elsevier.

2 Crump, S. (1992). Apparatus and method for creating three-dimensional objects.
US Patent US5121329A, issued 9 June 1992.



References

3 Bellini, A., Shor, L., and Guceri, S.I. (2005). New developments in fused
deposition modeling of ceramics. Rapid Prototyping Journal 11 (4): 214-220.
https://doi.org/10.1108/13552540510612901.

4 Volpato, N., Kretschek, D., Foggiatto, J.A. et al. (2015). Experimental analysis of
an extrusion system for additive manufacturing based on polymer pellets. Inter-
national Journal of Advanced Manufacturing Technology 81 (9-12): 1519-1531.
https://doi.org/10.1007/s00170-015-7300-2.

5 Wang, Z., Liu, R., Sparks, T., and Liou, F. (2016). Large-scale deposition system
by an industrial robot (i): design of fused pellet modeling system and extru-
sion process analysis. 3D Printing and Additive Manufacturing 3 (1): 39-47.
https://doi.org/10.1089/3dp.2015.0029.

6 Abeykoon, C. (2016). Single screw extrusion control: a comprehensive review
and directions for improvements. Control Engineering Practice 51: 69-80.
https://doi.org/10.1016/j.conengprac.2016.03.008.

7 Cossio, M.L.T. et al. (2012). The design of extrusion screws: an optimization
approach. XXXIII (2): 81-87. https://doi.org/10.1007/s13398-014-0173-7.2.

8 Holshouser, C., Newell, C., Palas, S., and Love, L. (2013). Out of bounds additive
manufacturing. Advanced Materials and Processes 171: 3.

9 Stratasys F900 large industrial FDM 3D printer. www.stratasys.com/en/3d-
printers/printer-catalog/fdm- printers/f900-printer/ (accessed 9 March 2024).

10 Brown, R. (2012). Makerbot replicator review: makerbot replicator. CNET.
www.cnet.com/reviews/makerbot-replicator-review/ (accessed 11 December
2024).

11 Roschli, A.C. (2016). Dynamic extruder control for polymer printing in big area
additive manufacturing. Master Thesis, The University of Tennessee, Knoxville.

12 Smith, T., Hassen, A.A., Lind, R. et al. (2020). Dual material system for polymer
large scale additive manufacturing. SAMPE Virtual Conference Proceedings, North
America.

13 Boulger, A.M., Chesser, P.C., Brian K. Post, B.K. et al. (2018). Pick and place
robotic actuator for big area additive manufacturing. Solid Freeform Fabrication
2018: Proceedings of the 29th Annual International Solid Freeform Fabrication
Symposium - An Additive Manufacturing Conference.

14 Boulger, A., Laughter, T., Rhodes, A. et al. (2019). Large-scale thermoset pick
and place testing and implementation. Solid Freeform Fabrication 2019: Proceed-
ings of the 30th Annual International Solid Freeform Fabrication Symposium - An
Additive Manufacturing Conference.

15 Ajinjeru, C., Kishore, V., Liu, P. et al. (2018). Determination of melt processing
conditions for high performance amorphous thermoplastics for large format
additive manufacturing. Additive Manufacturing 21: 125-132. https://doi.org/10
.1016/j.addma.2018.03.004.

16 JuggerBot 3D (2024). Tradesman SeriesTM P3-44. juggerbot3d.com/products/
tradesman-series-p3-44/ (accessed 11 December 2024).

17 3D Systems (2024). Ext Titan Pellet 3D Printers. www.3dsystems.com/ext-titan-
pellet-3d-printers (accessed 11 December 2024).

25



26

1 Review of Processing Techniques

18

19

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34
35

Kishore, V. et al. (2017). Infrared preheating to improve interlayer strength of big
area additive manufacturing (BAAM) components. Additive Manufacturing 14:
7-12.

Electroimpact Additive manufacturing. https://www.electroimpact.com/3d/
overview (accessed 11 December 2024).

Billah, K.M.M., Heineman, J., Mhatre, P. et al. (2021). Large-scale additive manu-
facturing of self-heating molds. Additive Manufacturing 47: 102282.

Martinez, Nikki L. (2020). Development of an automated ultrasonic wire embed-
ding process for use with material extrusion additive manufacturing and rapid
electronics fabrication. Open Access Theses & Dissertations 3179. https://
scholarworks.utep.edu/open_etd/3179
https://www.compositesworld.com/articles/3d-printing-with-continuous-fiber-a-
landscape (accessed 11 December 2024).
https://www.continuouscomposites.com/technology (accessed 11 December
2024).
https://3dprintingindustry.com/news/arevo-and-superstrata-reveal-custom-3d-
printed-unibody-carbon-fiber-e-bikes-173572/ (accessed 11 December 2024).
Roschli, A., Post, B.K., Atkins, C. et al. (2022). Build plate design for
extrusion-based additive manufacturing. Solid Freeform Fabrication 2022:
Proceedings of the 33rd Annual International Solid Freeform Fabrication Sym-
posium - An Additive Manufacturing Conference, Austin, Texas, USA.

Roschli, A., Borish, M., Barnes, A. et al. (2024). ORNL Slicer 2 (Version 0.99.10)
[Computer software]. https://github.com/ORNLSlicer/Slicer-2

Aibuild (2024). Additive manufacturing software. ai-build.com/software/

Kim, P., Dreifus, G., Beard, B.T. et al. (2018). Graded infill structure of wind
turbine blade accounting for internal stress in big area additive manufacturing.
CAMX - The Composites and Advanced Materials Expo Conference Proceedings,
Oak Ridge National Laboratory (ORNL), Oak Ridge, TN (United States) (October
15-18, 2018). Dallas, TX.
https://patentimages.storage.googleapis.com/a6/c3/ff/69b512093682c8/
US11534977.pdf (accessed 11 December 2024).

JuggerBot 3D (2024). Material Card — Juggerbot 3D Qualified Pellet 3D Print-
ing.juggerbot3d.com/material-card-3/ (accessed 11 December 2024).

Roschli, A. et al. (2023). Transmitting g-code with geometry commands for extru-
sion additive manufacturing. Proceedings of the 2023 International Solid Free
form Fabrication Symposium. Austin, Texas, United States of America.

Roschli, A., Post, B.K., Wang, P. et al. (2024). The cost of scaling up in large
format additive manufacturing. 3D Printing and Additive Manufacturing.
https://doi.org/10.1089/3dp.2023.0112.
https://ec.europa.eu/regional_policy/projects/projects-database/sustainable-
building-design-for-the-masses-with-xl-3d-printers-from-amsterdam_en (accessed
1 February 2025).

https://blackbelt-3d.com/the-blackbelt-3d-printer/ (accessed 1 February 2025).
https://mx3d.com/company/news/ (accessed 1 February 2025).



References

36 Chessera, P.C., Posta, B.K., Roschlia, A. et al. (2018). Fieldable platform for
large-scale deposition of concrete structures. Conference: 29th Annual Interna-
tional Solid Freeform Fabrication Symposium. Austin, Texas, United States of
America.

37 https://mx3d.com/industries/manufacturing/mx3d-robot-arm/ (accessed 11
December 2024).

38 https://umaine.edu/news/blog/2019/10/10/umaine-composites-center-receives-
three-guinness-world-records-related- to-largest-3d-printer/ (accessed 11 Decem-
ber 2024).

39 https://noztek.com/product/robotic-printing-infinity-conveyor-2/ (accessed 11
December 2024).

40 https://www.creality3dofficial.com/products/cr-30-infinite-z-belt-3d-printer?
srsltid=AfmBOor-73m0gFu3mdSYboEUP6BxxvSA-qlUcjijz2e00Sbg77WPgu69
(accessed 11 December 2024).

27






