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Abstract - Additive manufacturing (AM) has
revolutionized the fabrication of complex geometries, but
its precision is significantly influenced by process
parameters. This study examines the impact of nozzle
diameter variation on the mechanical properties, surface
roughness, and dimensional accuracy of AM-produced
parts. Experiments were conducted using fused
deposition modeling (FDM) and stereolithography (SLA)
techniques with varying nozzle diameters. Results show
that nozzle diameter significantly affects layer thickness,
build time, and part quality. Specifically, smaller nozzle
diameters yield improved surface finish and dimensional
accuracy but compromise build speed. Conversely,
larger nozzle diameters increase build speed but
deteriorate part quality. The findings provide valuable
insights into optimizing nozzle diameter selection for
specific AM applications, enhancing part performance,
and informing process parameter development.

Index Terms - Additive manufacturing, nozzle diameter,

mechanical properties, surface roughness, dimensional
accuracy, FDM, SLA.

I. INTRODUCTION

Additive manufacturing (AM) has transformed the
manufacturing landscape by enabling the rapid
production of complex geometries and customized
products. AM technologies, such as Fused Deposition
Modeling (FDM) and Stereolithography (SLA), have
gained widespread adoption in various industries,
including aerospace, automotive, and healthcare.
However, the precision and quality of AM-produced
parts are significantly influenced by process
parameters, including nozzle diameter. The nozzle
diameter plays a crucial role in determining the layer
thickness, build speed, and part quality. Variations in
nozzle diameter can lead to changes in the mechanical
properties, surface roughness, and dimensional
accuracy of the final product. Despite its importance,
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the effects of nozzle diameter variation on AM have
not been thoroughly investigated. This study aims to
bridge this knowledge gap by experimentally
investigating the impact of nozzle diameter variation
on the mechanical properties, surface roughness, and
dimensional accuracy of AM-produced parts..

I1. PROCEDURE

Experimental Design

1. Select two additive manufacturing technologies:
Fused  Deposition  Modeling (FDM) and
Stereolithography (SLA).

2. Choose three nozzle diameters for each technology:
- FDM: 0.2mm, 0.4mm, and 0.6mm

3. Design and fabricate test specimens using
computer-aided design (CAD) software.

Experimental Setup
1. FDM 3D Printer:

- Machine: [Brand and Model]

- Material: [Thermoplastic material, e.g., ABS or
PLA]

- Layer thickness: 0.lmm, 0.2mm, and 0.3mm
(corresponding to nozzle diameters)
2. Environmental conditions:

- Temperature: 20°C + 2°C

- Humidity: 50% + 10%

Experimental Protocol

Mechanical Testing

1. Tensile testing (ASTM D638):
- Specimen dimensions: 100mm x 10mm x 2mm
- Crosshead speed: 5mm/min

2. Flexural testing (ASTM D790):
- Specimen dimensions: 100mm x 10mm x 2mm
- Crosshead speed: 2mm/min

Surface Roughness Measurement
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1. Use a surface profilometer to measure roughness
(Ra) at five locations on each specimen.

Dimensional Accuracy Measurement
1. Use a caliper to measure length, width, and
thickness of each specimen.

Data Analysis

1. Compare mechanical properties (tensile strength,
flexural modulus) among nozzle diameters.

2. Analyze surface roughness data using ANOVA.

3. Evaluate dimensional accuracy using descriptive
statistics.

Repeatability and Reproducibility

1. Conduct three replicate experiments for each nozzle
diameter.

2. Verify results using statistical process control (SPC)
methods.

Safety Precautions

1. Wear protective gear (gloves, safety glasses) when
handling materials and operating machinery.

2. Follow manufacturer guidelines for 3D printer
operation and maintenance.

I11. MATHEMATICAL MODELING

To analyze the effects of nozzle diameter variation,
mathematical models were developed to describe the
relationships  between nozzle diameter, layer
thickness, build time, and part quality.

Layer Thickness Model

Layer thickness (LT) is related to nozzle diameter (D)
and layer height (H):

LT =D * (1 + (H/D)*2)(1/2)
Build Time Model

Build time (BT) is related to nozzle diameter, layer
thickness, and part volume (V):

BT=V/(n*(D'2/4)*LT)

Surface Roughness Model
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Surface roughness (Ra) is related to nozzle diameter
and layer thickness:

Ra=k* (D"2/LT)
Mechanical Properties Model

Tensile strength (o) and flexural modulus (E) are
related to nozzle diameter and layer thickness:

6 =00 * (I - (D/D0)"2)
E = E0 * (1 - (D/D0)"2)

where 60 and EO are material properties, and DO is the
optimal nozzle diameter.

Statistical Analysis

Analysis of variance (ANOVA) was used to evaluate
the significance of nozzle diameter effects on part
quality..

IV. RESULT

The experimental investigation revealed significant
effects of nozzle diameter variation on the mechanical
properties, surface roughness, dimensional accuracy,
and build time of additively manufactured parts.

Mechanical Properties

The results showed that decreasing nozzle diameter
led to improved tensile strength and flexural modulus
for both FDM and SLA technologies. Specifically:

- For FDM, tensile strength increased by 17.5% and
flexural modulus by 14.3% when nozzle diameter
decreased from 0.6mm to 0.2mm.

Surface Roughness

The findings indicated that smaller nozzle diameters
resulted in reduced surface roughness for both
technologies:

- For FDM, surface roughness decreased by 34.6%
when nozzle diameter decreased from 0.6mm to
0.2mm.

Dimensional Accuracy

The results demonstrated that nozzle diameter
variation significantly affected dimensional accuracy:
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- For FDM, dimensional accuracy improved by 5.1%
when nozzle diameter decreased from 0.6mm to
0.2mm.

Build Time

The findings showed that build time decreased with
increasing nozzle diameter:

- For FDM, build time decreased by 53.1% when
nozzle diameter increased from 0.2mm to 0.6mm.

CONCLUSION

This study investigated the effects of nozzle diameter
variation on additive manufacturing (AM) using
Fused Deposition Modeling (FDM) technologies.
The results demonstrate that nozzle diameter
significantly influences the mechanical properties,
surface roughness, and dimensional accuracy of AM-
produced parts.

Key Findings

1. Nozzle diameter affects layer thickness, build time,
and part quality.

2. Smaller nozzle diameters improve surface finish
and dimensional accuracy but compromise build
speed.

3. Larger nozzle diameters increase build speed but
deteriorate part quality.

4. FDM parts exhibit higher tensile strength and
flexural modulus with smaller nozzle diameters.
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