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METHODS AND MATERIALS

PURPOSE

The W-L phantoms designed for donation are composed of two interlocking cube halves housing a central spherical cavity that securely hold a 6.35 mm
To assess the feasibility of stainless-steel ball-bearing (bb). An example of a 3-D printed W-L phantom is shown in Figure 1. DA is most critical for the spherical cavity housing the bb
distributing the workload of and the locking pin/holes holding the phantom together. Therefore, TAs were designed to test the DA for these components. One TA focused on accuracy
manufacturing 3-dimensional (3D) of the spherical cavity and consisted of two blocks with arrays of five semi-spherical recesses (SSRs) of planned diameters (6.5, 6.6, 6.7, 6.8, and 6.9 mm)
printed Winston-Lutz (W-L) on one surface (Figure 2). Planned diameters were larger than the bb to account for an estimated cumulative (in all directions) DA of 0.35 mm. A bb was
phantoms for donation purposes placed in a recess of one part of the device and the corresponding recess in the other part was placed on top. The bb was moved among different
across multiple locations and a diameter SRR pairs until the best fit was determined. A demonstration of the method can be found here: https://bit.ly/4fl03hw. The second TA assessed DA
variety of printers of alignment pins and holes and consisted of a block with an array of five alignment holes (1.8—-2.2 mm diameters) on one surface and a block with a 2 mm
diameter pin on one surface (Figure 3). The pin was placed in successive holes until the best fit was determined and the best fit hole diameter was
compared to the planned pin diameter. The authors were asked to print TAs using Polyethylene Terephthalate Glycol (PET-G) filament and send the
artifacts to the project leader for assessment. PET-G was selected for this project due to known characteristics such as durability and strength.?

INTRODUCTION

3D printing QA devices for
donation to Low- and Middle-
Income Countries (LMICs) can
offer increased access and
significant cost savings.
Distributing the printing of devices
across multiple institutions further
Increases access and lessens the
burden on individual institutions.
However, responsible donation
practices require that the quality of
donated equipment be
comparable to equipment used in
high income countries.’ Therefore,
a method was needed to assess
the dimensional accuracy of 3D
printers at different locations in
order to determine their
acceptabillity to print Winston-Lutz
(W-L) phantoms for donation

Figure 2: Test artifact used for assessing dimensional accuracy of semispherical recessing for housing a stainless-steel ball bearing (bb) with a
diameter of 6.35 mm. Recesses with planned dimensions of 6.5, 6.6, 6.7, 6.8, and 6.9 mm were printed. A bb was placed in a recess of one part of
the device and the corresponding recess in the other part was placed on top. The best fit recess was documented.

pPUrposes. Figure 1: Example of a 3D Printed W-L Phantom: The photo at the top Figure 3: Test artifact used for assessing dimensional accuracy of locking pin and holes. The part on the left includes a 2mm diameter and 2 mm
shows the two halves of the W-L phantom with the stainless-steel bb in length locking pin. The part on the right contains locking holes of 1.8, 1.9, 2, 2.1, and 2.2 mm planned diameter. The best fit locking hole for the

Measurement of test artifacts the center. The bottom photo shows a fully assembled W-L Phantom. locking pin was documented.

(TAs) is a standard approach used RESULTS

iIn manufacturing to quantitatively

assess a manufacturing system.?
TAs are composite tests used to
test limitations of systems and to

TAs were printed using PET-G filament on five different manufacturer or model 3D printers across four United States locations. Best fit SSRs ranged
from 6.5 to 6.8 mm (median and mode = 6.6 mm). Best fit locking hole sizes ranged from 2.1 to 2.2 mm (median and mode = 2.1 mm). See Table 1.

compare systems.? TAs should be Table 1: Best Fits for Semi-Spherical Recess Diameter and Alignment Hole Diameter for Each Printer
aligned with the purpose of the TR Best Fit Semi-Spherical Recess  Difference from Programmed Semi- Best Ft Alignment Hole Difference from Programmed
manufactu ring proceSS_Z Diameter (mm) Spherical Recess Diameter (mm) Diameter(mm) Alignment Hole Diameter (mm)
Therefore, the TAs for this project U 8.0 0.25 2.1 0.1
: Printer 2 6.6 0.25 21 0.1
were designed to test the Printer 3 6.7 0.35 2.2 0.2
components of W-L phantoms Printer 4 6.8 0.45 2.2 0.2
where dimensional accuracy (DA) Printer 5 6.5 0.15 2.1 0.1
IS most critical. Median 6.6 0.25 2.1 0.1
Mode 6.6 0.25 2.1 0.1
Maxminum 6.8 0.45 2.2 0.2
Minimum 6.5 0.15 2.1 0.1
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