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Abstract
Supports simultaneously influence build stability, surface damage, material use, removal effort and failure risk. Overhang angle, island 
formation, peel force, thermal distortion and recoating constraints differ across AM processes. Mechanical or process simulation can 
rank candidate support layouts, but predicted stress or deformation depends on uncertain material state, boundary conditions and 
layerwise process assumptions. Expert intervention remains valuable for inaccessible cavities, cosmetic surfaces and removal strategy. 
Checking that supports exist at nominated locations is insufficient. Qualification therefore depends on preserving the measured state, 
configuration and exception history needed to distinguish these mechanisms in production rather than relying on nominal recipe identity 
alone.
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1. Significance and scope
Supports simultaneously influence build stability, surface damage, material use, removal effort and failure risk. The engineering 
question is how algorithmic support generation should balance manufacturability, material use, removal, surface risk and simulation 
uncertainty while preserving a documented human override and verification path. The review focuses on evidence that supports 
repeatable manufacturing decisions and excludes proprietary recipes, supplier-specific settings and undocumented operator heuristics.

1.1 Corpus boundary
ER-346 owns algorithmic generation and verification of support structures, including objective functions, constraints and human 
override. It does not own general build nesting, product topology optimisation or the chemistry of sacrificial support materials. 
ER-345 owns build layout and nesting, while ER-344 owns machine capability; ER-346 owns support-generation objectives, 
constraints and verification.

2. Support generation is multi-objective
Supports simultaneously influence build stability, surface damage, material use, removal effort and failure risk. Minimising 
support volume alone can increase local stress or removal difficulty. Modern approaches therefore combine geometric, topology, 
simulation-driven and data-driven objectives, but the objective hierarchy must be explicit [1-3].

3. Constraints are technology-specific
Overhang angle, island formation, peel force, thermal distortion and recoating constraints differ across AM processes. A support 
rule valid for powder-bed fusion cannot be transferred directly to vat photopolymerisation. Verification should therefore start 
from the physical function the support performs in the selected process [1-3].

4. Simulation is a model, not an acceptance result
Mechanical or process simulation can rank candidate support layouts, but predicted stress or deformation depends on uncertain 
material state, boundary conditions and layerwise process assumptions. Simulation outputs should be treated as decision aids 
unless validated against representative builds [1,3].
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5. Human override needs controlled rationale
Expert intervention remains valuable for inaccessible cavities, cosmetic surfaces and removal strategy. However, manual edits 
should be recorded as explicit deviations from the algorithmic recommendation, with a reason code and, for repeated cases, 
feedback into the rule set [1,2].

6. Verification should test both presence and consequence
Checking that supports exist at nominated locations is insufficient. Verification should assess whether support contacts, trunks 
and load paths are printable, removable and consistent with protected surfaces. Where possible, support burden should be linked 
to measurable post-processing time and defect frequency [1-3].

7. Qualification architecture
A controlled support-generation workflow freezes software version, rule set, objective weights, process constraints and override 
permissions. Regression test geometries should be reprocessed after any software update so that silent algorithm changes do not enter 
production [1-3]. The resulting workflow should be treated as a qualified manufacturing-software configuration within the broader AM 
production system [4].

8. Evidence hierarchy and transfer
A library of representative geometries with known success/failure outcomes provides stronger verification than screenshots of 
individual jobs. Transfer between machines requires confirmation that the physical support requirement remains comparable, 
especially where peel mechanics or minimum feature size differ.

Table 1. Qualification matrix for algorithmic support generation and verification.

Objective Benefit Conflict to monitor

Build stability Lower failure risk More material/contact area

Surface protection Reduces scars May reduce stiffness

Low material use Lower waste/time May under-support islands

Easy removal Lower labour May weaken attachment

Robustness Tolerance to process variation Potential over-support

9. Interpretation matrix
For algorithmic support generation, a support failure can arise from objective-function trade-offs, violated geometric constraints, model 
inadequacy or a human override. Verification should retain solver inputs, simulation outputs and override history so the failure can be 
assigned to the algorithm, model or execution decision.

Table 2. Diagnostic interpretation matrix for algorithmic support generation.

Verification case What to inspect Failure signal

Thin overhang Root/support stiffness Curl or detachment

Large projected area Load path and base anchoring Peel-induced failure

Cosmetic surface Contact placement Removal damage

Internal cavity Accessibility Trapped support

Software update Regression geometry set Unexpected support topology

10. Limitations and evidence gaps
Support-generation studies use different printers, resins, objective functions and failure definitions, which limits direct comparison of 
optimisation algorithms. Simulation accuracy is also constrained by uncertain material and contact parameters, and successful virtual 
support placement does not itself prove printability or removability. Human override remains necessary where model validity or 
consequence of failure is uncertain.
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11. Conclusions
Algorithmic support generation is best qualified as a constrained optimisation and verification workflow. The algorithm may propose a 
support solution, but printability, surface consequence, removal effort and failure risk still require independent checks. Human override 
should remain traceable whenever model validity or competing objectives cannot be resolved automatically.

References
1. Su J, Mo Y, Shangguan P, Panwisawas C, Jiang F, Sing SL. Additive manufacturing-by-design for support structures: a critical 
review. International Journal of Extreme Manufacturing. 2025;7(5):052002. doi:10.1088/2631-7990/add4d2.

2. Jiang J, Xu X, Stringer J. Support Structures for Additive Manufacturing: A Review. Journal of Manufacturing and Materials 
Processing. 2018;2(4):64. doi:10.3390/jmmp2040064.

3. Chaudhary MA, Kashif W, Ullah Z. A comprehensive review of support structure minimization in additive manufacturing: 
design, orientation, optimization, and process strategies. International Journal of Advanced Manufacturing Technology. 
2026;145:4467-4504. doi:10.1007/s00170-026-18633-1.

4. ISO/ASTM 52920:2023. Additive manufacturing - Qualification principles - Requirements for industrial additive 
manufacturing processes and production sites. ISO, Geneva, 2023.

Competing interests
The author is Founder, CEO and CTO of 3Dresyns by Resyner Technologies S.L. No comparative product recommendation is 
made.

Data availability
No new experimental dataset was generated for this review.


	Abstract
	1. Significance and scope
	1.1 Corpus boundary

	2. Support generation is multi-objective
	3. Constraints are technology-specific
	4. Simulation is a model, not an acceptance result
	5. Human override needs controlled rationale
	6. Verification should test both presence and consequence
	7. Qualification architecture
	8. Evidence hierarchy and transfer
	9. Interpretation matrix
	10. Limitations and evidence gaps
	11. Conclusions
	References
	Competing interests
	Data availability


