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C minimizing downtime. This study proposes an on-demand maintenance, repair,
Revised — 26 June 2026 and overhaul (MRO) process for a discontinued impeller, a core component of
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plastic injection mold temperature controllers. Deformed impeller geometry was
acquired via an industrial handheld three-dimensional (3D) scanner and reverse-
engineered into a 3D computer-aided design (CAD) model. A prototype was
fabricated using Masked Stereolithography Apparatus (MSLA) additive
manufacturing with high-temperature resistant resin. Dimensional accuracy was
verified against the reference CAD model via 3D scanning and best-fit alignment.
Precision grinding resolved minor thermal shrinkage deviations in the assembly
shaft, securing required tolerances. This strategy integrates 3D scanning, reverse
engineering, and additive manufacturing, reducing procurement lead time to
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Table 1 Specification of SIMSCAN-E gen2 handheld scanner

Blue laser (108 quad-cross,

Scan mode 17 parallel, 1 extra single line)

Accuracy up to 0.02 mm

Volumetric accuracy 0.015 mm + 0.035 mm/m

Scanning rate up to 8,100,000 points/s

Scanning area up to 700 x 600 mm

Resolution up to 0.02 mm

stl, .obj, .ply, .asc, .igs, .txt,

Output format .mk2, .umk and etc.

Weight 560 g
Wireless standard Wifi 6, 802.11a/b/g/n/ac
Traceability ISO 17025 (ISO 10360-13, VDI/VDE 2634-3)

Fig. 3 MSLA 3D printer — formlabs form4L

Table 2 Specification of form 4L. MSLA 3D printer
353 x 196 x 350 mm (XYZ)
25-200 um
46 pm
up to 80 mm/h (Z axis)

.stl, .obj, .3mf, .stp, native cad
(Catia, Solidworks, Rhino, Creo)

Build volume

Layer thickness

XY resolution
Additive speed

Printable data
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(a) 3D scan (b) Edit scan data

(c) Pairing scan data (d) Align scan data

(e) Combined point cloud

(f) Convert to mesh
Fig. 4 3D scanning process
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(b) Extraction of geometric
primitives

(c) Alignment to CAD origin (d) Aligned mesh data
Fig. 5 Alignment of mesh data to the CAD coordinate system

(a) Parametric CAD data

Fig. 6 Reverse engineered parametric CAD data and deviation
analysis

(b) Deviation color map
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Fig. 8 Fabricated impeller prototype using MSLA 3D printing

Table 3 MSLA printing parameter

Material Rigid 10k V1.1

Layer thickness 0.05 mm
Total volume 58.52 mL (37.08 mL, model only)
Printing time 3h 16 min

Post-wash IPA wash, 10 min 2 times
Post-curing 70°C UV curing, 60 min
Layers 647
Raft type Full raft
Touch point size 0.6 mm
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Fig. 9 Final post—processed 1mpeller prototype after support
removal and post-curing

Table 4 Mechanical and thermal properties of post-processed
Rigid 10k V1.1 resin

Heat deflection temperature(HDT) at 0.45 MPa 163°C
Ultimate tensile strength 65 MPa
Flexural strength 126 MPa
Elongation at break 1 %
Notched izod impact strength 16 Jm
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(a) Measured 3D scan model (b) Reference CAD model

(c) Best-fit alignment of CAD and scan model

Fig. 10 Alignment of reverse-engineered CAD model and 3D
scan model
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Fig. 11 3D dimensional deviation analysis of the fabricated
impeller
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Table 5 Statistical results of 3D surface deviation analysis via
3D compare

RMS 0.175 mm
Average 0.02 mm
Variance 0.03 mm
Std Dev. 0.174 mm
In Tol. 81.458 %
Out Tol. 18.542 %
Over Tol. 9.527 %

Under Tol. 9.015 %

Fig. 12 Sectional deviation analysis
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Table 6 Details of lead times for MRO processes

3D scan 15 min
Scan data processing 15 min
Reverse engineering 1 h 30 min
Pre-processing 3D printing 15 min
MSLA 3D printing 3h 30 min
Post-processing (wash) 20 min
Post-processing (UV curing) lh
3D scan-based inspection 1h
Compensation grinding 30 min
Assembly 10 min
Total MRO leadtime 8 h 25 min
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