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     Add�t�ve manufactur�ng enables l�ghtwe�ght and complex des�g-
ns across many �ndustr�es. F�ber-re�nforced nylon, comb�n�ng 
strength and flex�b�l�ty, �s w�dely used where durab�l�ty and prec�s�-
on are requ�red [1–3]. Its tens�le behav�or, revealed through 
load–d�splacement curves, �s essent�al for structural 

     Th�s study �ntroduces a deep learn�ng approach comb�n�ng 
YOLOv8n and CNN models to pred�ct the tens�le performance of 
3D-pr�nted f�ber-re�nforced nylon from m�croscopy �mages. The 
framework maps m�crostructural deformat�on to mechan�cal 
response, enabl�ng �mage-based mater�al character�zat�on 

evaluat�on [4].

w�thout d�rect test�ng.
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    The proposed YOLOv8n–CNN framework quant�tat�vely pred�-
cts tens�le response of 3D-pr�nted f�ber-re�nforced nylon d�rectly 
from SEM m�crographs. It reconstructs load–d�splacement curves 
by comput�ng deformat�on-based features, ach�ev�ng strong corre-
lat�on w�th exper�mental results. Th�s �mage-dr�ven approach 
enables non-destruct�ve mechan�cal evaluat�on. Future work w�ll 
extend the framework to d�verse add�t�ve compos�te systems. 

    A dataset of 250 data augmented SEM �mages [5] of 3D-pr�nted 
f�ber-re�nforced nylon compos�tes was used, �nclud�ng pre- and 
post-tens�le test samples. The YOLOv8n model detected deforma-
t�on reg�ons, wh�le a CNN pred�cted deformat�on rates from 
post-test �mages. Comb�n�ng these outputs, the max�mum defor-
mat�on rate was computed to est�mate ult�mate tens�le load and 
reconstruct load–d�splacement curves, ach�ev�ng strong agree-
ment w�th exper�mental data.
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F�gure 1. Method for Pred�ct�ng the Load-D�splacement of Nylon Compos�tes

F�gure 2. Output Example of  Deep Learn�ng A�ded Pred�ct�on System

     By comb�n�ng deformat�on area detect�on w�th CNN-based 
deformat�on rate est�mat�on, the model quant�f�es m�crostructural 
damage and l�nks �t to mechan�cal response. A strong correlat�on 
(R² = 0.9995) val�dates the �mage-based formulat�on. Compared to 
pr�or parameter-dr�ven models, th�s approach rel�es solely on morp-
hology, enabl�ng general�zat�on across var�able f�ber d�str�but�ons 
and manufactur�ng �ncons�stenc�es. These results h�ghl�ght the 
capab�l�ty of deep learn�ng to extract �nterpretable mechan�cal 
�ns�ghts from h�gh-resolut�on m�crographs.


