[IEM

International Journal of Industrial
Engineering and Management

Additive and subtractive rapid prototyping
techniques: a comparative analysis of
FDM & CNC processes

A. Neuenfeldt-Junior®*, M. Cheiram?, M. Eckhardt?, C. Scheuer?, J. Siluk?, and M. Francescatto?

9 Federal University of Santa Maria, Santa Maria, Brazil

References

[1] M. Bordoni and A. Boschetto, “Thickening of surfaces for direct additive manufacturing fabrication,” Rapid Prototyping J., vol.
18, no. 4, pp. 308-318, Jun. 2012, do1:10.1108/13552541211231734.

[2] S. Bai and F. Hu, “The Role of Rapid Manufacturing Technology in Industrial Design,” IOP Conf. Ser.: Mater. Sci. and Eng.,
vol. 382, no. 3, pp. 2-7, 2018, doi:10.1088/1757-899X/382/3/032011.

[3] S. Modal, A. K. Singh, P. Chatterjee, and S. Chakraborty, “Decision Making for Rapid Prototyping Process Selection Using
Complex Proportional Assessment Method,” in Int. Conf. Manuf. Excellence, Nashik, India, 2017, pp. 1- 7.

[4] B. Camburn, V. Viswanathan, J. Linsey, D. Anderson, D. Jensen, R. Crawford, K. Otto, and K. Wood, “Design prototyping
methods: state of the art in strategies, techniques, and guidelines,” Des. Sci., vol. 3, no. €13, pp. 1-33, Aug. 2017, do1:10.1017/
ds;.2017.10.

[5]  C. W. Elverum, T. Welo, and S. Tronvoll, “Prototyping in New Product Development: Strategy Considerations,” Procedia
CIRP, vol. 50, no. 1, pp. 117-122, 2016, doi:10.1016/j.procir.2016.05.010.

[6] D.T. Diaz, “Tecnologias de Fabricacion Digital Aditiva, ventajas para la construccion de modelos, protétipos y series cortas em
el processo de diseno de produtos,” Iconofacto, vol. 12, no. 18, pp. 118-143, 2016, doi:10.18566/v12n18.a07.

[71 S. 1. A. Kudus, R. I. Campbell, and R. Bibb, “Customer perceived value for self-designed personalised products made using
additive manufacturing,” Int. J. Ind. Eng. Manag., vol. 7, no. 4, pp. 183-193, Dec. 2016.

[8] M. Carfagni, L. Fiorineschi, R. Furferi, L. Governi, and F. Rotini, “The role of additive technologies in the prototyping issues of
design,” Rapid Prototyping J., vol. 24, no. 7, pp. 1101-1116, Oct. 2018, doi:10.1108/RPJ-02-2017-0021.

[9] H. Byun and K. Lee, “A decision support system for the selection of a rapid prototyping process using the modified TOPSIS
method,” The Int. J. Adv. Manuf. Tech., vol. 26, no. 11-12, pp. 1338-1347, Nov. 2005, doi:10.1007/s00170-004-2099-2.

[10] Y. Qin, Q. Qi, P. J. Scott, and X. Jiang, “An additive manufacturing process selection approach based on fuzzy Archimedean
weighted power Bonferroni aggregation operators,” Robot. and Computer-Integrated Manuf., vol. 64, Aug. 2020, Art. no. 101926,
doi:10.1016/).r¢cim.2019.101926.

[11] R.I. Campbell and M. R. N. Bernie, “Creating a database of rapid prototyping system capabilities,” J. Mater. Process. Tech., vol.
61, no. 1-2, pp. 163-167, Aug. 1996, doi:10.1016/0924-0136(96)02481-8.

[12] M. M. Ghazy, “Development of an additive manufacturing decision support system (AMDSS),” Ph.D. dissertation, Dept. Sci.
Agri. Eng., Newcastle Univ., Newcastle, England, 2012.

[13] D.T. Pham and R. S. Gault, “A comparison of rapid prototyping technologies,” Int. J. Mach. Tools and Manuf., vol. 38, no. 10-
11, pp. 1257-1287, Oct. 1998, doi:10.1016/S0890-6955(97)00137-5.

[14] R. Bibb, Z. Taha, R. Brown, and D. Wright, “Development of a rapid prototyping design advice system,” J. Intell. Manutf., vol.
10, no. 3, pp. 331-339, Sept. 1999, doi:10.1023/A:1008920512663.

[15] H. Lan, H. Ding, and J. Hong, “Decision support system for rapid prototyping process selection through integration of fuzzy
synthetic evaluation and an expert system,” Int. J. Prod. Res., vol. 43, no. 1, pp. 169-194, 2005. doi:10.1080/0020754041000173
3922.

[16] S. H. Masood and A. Soo, “A rule based expert system for rapid prototyping system selection,” Robot. and Computer-Integrated
Manuf., vol. 18, no, 3-4, pp. 267-274, Jun./Aug. 2002, doi:10.1016/S0736-5845(02)00017-0.

[17] J. Munguia, J. Lloveras, S. Llorens, and T. Laoui, “Development of an Al-based rapid manufacturing advice system,” Int. J. Prod.
Res., vol. 48, no. 8, pp. 2261-2278, 2010. doi:10.1080/00207540802552675.

[18] A. Bernard, A. Deglin, and G. Ris, “An original approach for the memorisation and the generation of rapid product development

processes,” Rapid Prototyping J., vol. 9, no. 2, pp. 58-67, May. 2008, doi:10.1108/13552540310467068.



[19] B. Singh and N. Sewell, “Knowledge based process planning and design for additive manufacturing (KAR-MA),” in Proc. 5th Int.
Conf. Adv. Res. and Rapid Prototyping, Exeter, England, 2011.

[20] M. Braglia and A. Petroni, “A management-support technique for the selection of rapid prototyping technologies,” J. Ind. Tech.,
vol. 15, no. 4, pp. 2-6, 1999.

[21] A. Armilotta, “Selection of layered manufacturing techniques by an adaptive AHP decision model,” Robot. Computer-Integrated
Manutf., vol. 24, no. 3, pp. 450-461, Jun. 2008, doi:10.1016/).rcim.2007.06.001.

[22] A. Borille, J. Gomes, R. Meyer, and K. Grote, “Applying decision methods to select rapid prototyping technologies,” Rapid
Prototyping J., vol. 16, no. 1, pp. 50-62, Jan. 2010, doi:10.1108/13552541011011712.

[28] K. Lokesh and P. K. Jain, “Selection of rapid prototyping technology,” Adv. Prod. Eng. Manage., vol. 5, no. 2, pp. 75-84, Jun.
2010. [Online]. Avaiable: https://apem-journal.org/Archives/2010/VOLO5-ISSUE02.html

[24] C. G. Mancanares, E. S. Zancul, J. C. Silva, and P. A. C. Miguel, “Additive manufacturing process selection based on parts’
selection criteria,” Int. J. Adv. Manuf. Tech., vol. 80, no. 5-8, pp. 1007-1014, Sept. 2015, doi:10.1007/s00170-015-7092-4.

[25] M. B. Anand and S. Vinodh, “Application of fuzzy AHP-TOPSIS for ranking additive manufacturing processes for
microfabrication,” Rapid Prototyping J., vol. 24, no. 2, pp. 424-435, Mar. 2018, doi:10.1108/RPJ-10-2016-0160.

[26] U. K. Zaman, M. Rivette, A. Siadat, and S. M. Mousavi, “Integrated product-process design: Material and manufacturing process
selection for additive manufacturing using multi-criteria decision making,” Robot. and Computer-Integrated Manuf., vol. 51, no.
1, pp. 169-180, Jun. 2018, doi:10.1016/j.rcim.2017.12.005.

[27] Y. Wang, R. Y. Zhong, and X. Xu, “A decision support system for additive manufacturing process selection using a hybrid
multiple criteria decision-making method,” Rapid Prototyping J., vol. 24, no. 9, pp. 1544-1553, Nov. 2018, doi:10.1108/RPJ-01-
2018-0002.

[28] S. Kadkhoda-Ahmadi, A. Hassan, and E. Asadollahi-Yazdi, “Process and resource selection methodology in design for additive
manufacturing,” The Int. J. Adv. Manuf. Tech., vol. 104, no. 5-8, pp. 2013-2029, Oct. 2019, doi:10.1007/s00170-019-03991-w.

[29] I.Peko,N.Gjeldum,and B. Bili¢, “Application of AHP, Fuzzy AHP and PROMETHEE Method in Solving Additive Manufacturing
Process Selection Problem,” Tehni¢ki vjesnik, vol. 25, no. 2, pp. 453-461, 2018, doi:10.17559/TV-20170124092906.

[30] A. Borille and J. O. Gomes, “Selection of additive manufacturing technologies using decision methods,” in Rapid Prototyping
Tech. - Princ. and Functional Requirements, E. Hoque, Ed., London, England: IntechOpen, 2011, pp. 29-54.

[31] R. E. Breaz, O. R. Bologa, and G. Sever, “Selecting between CNC milling, robot milling and DMLS processes using a combined
AHP and fuzzy approach,” Procedia Comput. Sci., vol. 122, no. 1, pp. 796-803, 2017, do1:10.1016/j.procs.2017.11.439.

[32] 1. Peko, D. Baji¢, and 1. Veza, “Selection of additive manufacturing process using the AHP method,” in Proc. Mech. Technol.
and Structural Mater., Split, Croatia, 2015, pp. 1-11.

[33] V. Kumar, L. Kumar, and A. Haleem, “Selection of rapid Prototyping technology using an ANP based approach,” IOSR J. Mech.
and Civil Eng., vol. 13, no. 4, pp. 71-78, Jul./Aug. 2016, doi1:10.9790/1684-13040647178.

[34] B. N. Panda, B. B. Biswal, and B. B. L. V. Deepak, “Integrated AHP and fuzzy TOPSIS approach for the selection of a rapid
prototyping process under multi-criteria perspective,” in Proc. 5th Int. & 26th All India Manuf. Technol. Des. Res. Conf.,
Guwahati, India, 2014, pp. 1-6.

[35] S. K. Singhal, A. P. Pandey, P. M. Pandey, and A. K. Nagpal, “Optimum part deposition orientation in stereolithography,”
Computer-Aided Design and Applications, vol. 2, no. 1-4, pp. 319-328, 2005, doi: 10.1080/16864360.2005.10738380).

[36] B. N. Panda, R. M. Bahubalendruni, B. B. Biswal, and M. Leite, “A CAD-based approach for measuring volumetric error in
layered manufacturing,” Proceedings of the Institution of Mechanical Engineers, Part C: Journal of Mechanical Engineering
Science, vol. 231, no. 13, pp. 2398-2406, 2017, doi: 10.1177/0954406216634746.

[37] R. Nayak, M. V. A. Bahubalendruni, B. B. Biswal, and P. P. Chauhan, “An approach towards economized 3D printing,” In
Applied Mechanics and Materials, vol. 852, pp. 185-191, 2016, doi: 10.4028/www.scientific.net/ AMM.852.18)5.

[38] T. L. Saaty, and V. Ramanujam, “An objective approach to faculty promotion and tenure by the analytic hierarchy process,” Res.
Higher Educ., vol. 18, no. 3, pp. 311-331, Sept. 1983, doi:10.1007/BF00979603.

[39] A. N. Janior and L. R. Guimaries, “A greedy randomized adaptive search procedure application to solve the travelling salesman
problem,” Int. J. Ind. Eng. Manage., vol. 10, no. 3, pp. 238-242, Sept. 2019, doi:10.24867/IJIEM-2019-3-243.



