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Introduction
Additive manufacturing has radically altered product manufacturing. It enables the 

fabrication of customized objects with complex geometries, while keeping the manufacturing 
costs relatively low [1-3]. The present article focuses on the fabrication of composite 
polymer cushions for flexible jaw couplings using additive manufacturing. The mechanical 
properties of the composite material used have been evaluated through mechanical and 
vibration damping tests [4,5]. Additionally, a FEM model has been created to calculate the 
equivalent stresses exerted on the cushions’ surface during operation. Results showed that 
the 3D printed cushions can withstand the exerted stresses, while the materials enhanced 
vibration damping capability, contributes to the smoother function of the coupling in real 
time operating conditions.

Materials and Methods
Flexible jaw coupling

In the present research, a flexible jaw coupling was studied made of GG20 cast iron and 
the cushions of the coupler are originally made of neat Polypropylene (PP), as shown in Figure 
1. The coupling can transfer up to 12kW of rotational power.

Figure 1: Flexible Jaw coupling with polymeric cushions.
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Material and fabrication parameters

The material used for the impeller fabrication is Polyamide-6 
reinforced with carbon fibers (Spectrum PA6-CF15, Spectrum 
Filaments, Pęcice Małe, Poland) in a weight percentage of 15% 
[6]. The fabrication of the cushions was achieved through a Raise 
Pro 2 3D printer (Raise 3D Technologies, Inc., Shanghai, China) 
via the Material Extrusion (MEX) method. Idea maker software 
v4.4.3 Alpha (Raise 3D Technologies, Inc., Irvine, CA, USA) was 

used to define the printing parameters of the fabricated parts, as 
summarized in Table 1. Considering that composite filaments are 
extremely abrasive, a 0.80mm hardened steel nozzle was used for 
their fabrication. To ensure the best overall mechanical properties, 
the filament was dried at 90 °C for 6h before printing. The printed 
cushion along with the original one are presented in Figure 2. The 
mechanical properties as well as the dynamic behavior of both PA6-
CF15 and neat PP are summarized in Table 2 [7-10].

Table 1: AM Impeller printing parameters.

Material Nozzle 
Temperature

Bed 
Temperature Layer Height Printing Speed Infill Ratio Infill Pattern Wall Lines

PA6-CF15 310 °C 110 °C 0.2mm 60mm/s 100% Grid 4

Table 2: Mechanical properties and dynamic behavior of PA6-CF15 and neat PP.

Material Tensile 
Strength (MPa)

Young Modulus 
(GPa)

Flexural 
Strength (MPa)

Flexural Young 
Modulus (GPa)

Hysteretic 
Damping (%)

Density (g/
cm3)

Hardness 
(Shore D)

Neat PP 36 1.5 30 1.2 3.25 0.9 72.5

PA6-CF15 150.5 4.6 121 4.8 6.49 1.25 83

Figure 2: Injection molded neat PP cushion (left), 
3D-prinded PA6-CF15 cushion (right).

Coupling design and computational structural analysis

The coupling was 3D-scanned using a using an Einscan HX 3D 
Scanner (Shinning 3D, Hangzhou, China) at 0.05mm resolution. The 
digital twin of the original coupling was designed in SolidWorks 
2023 (v. SP05) software and the final 3D model of each part had a 

less than 0.1mm deviation from the original part. The models were 
exported for further computational and simulation testing via a 
FEM model using ANSYS 2025 R1 software.

Results and Discussion
The maximum rated torque of the coupling was calculated 

at 36Nm according to the manufacturer’s specifications [11]. 
The generated mesh consists of 48540 elements. The equivalent 
stresses exerted on the coupling are presented in Figure 3. The 
maximum stress exerted on the cushions of the coupling was found 
to be around 7MPa, while the equivalent strain for the PA6-CF15 
was 0.003mm. Results showed that PA6 composite could replace 
the neat PP as a construction material for coupling cushions. After 
the simulation test, a flexible jaw coupling with PA6-CF15 cushions 
was tested in real time operation. The startup of the electric motor 
was smoother, 4dB quieter than the original operation with PP 
cushions, which produces 83dB.

Figure 3: (a) Equivalent stress exerted on the coupling cushion; (b) Flexible jaw coupling with PA6-CF15 cushions 
operation setup.
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Conclusion
Additive manufacturing provides a wide variety of applications 

for materials with enhanced mechanical properties. The use of PA6-
CF15 as a fabrication material for coupling cushions has been found 
to be a suitable alternative of the original material. Furthermore, 
the enhanced dynamic behavior of the composite contributes to a 
quieter operation with less vibrations. 
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