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Abstract

A sensor trend becomes useful only when it is connected to a plausible degradation path. More telemetry does not automatically improve
maintenance. Load, resin viscosity, ambient temperature and build geometry can change machine signals without degradation. A
statistically unusual signal is not automatically a maintenance trigger. Predictive maintenance is incomplete unless the intervention is
followed by a health check that demonstrates restoration. Qualification therefore depends on preserving the measured state,
configuration and exception history needed to distinguish these mechanisms in production rather than relying on nominal recipe identity
alone.
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1. Significance and scope

A sensor trend becomes useful only when it is connected to a plausible degradation path. The engineering question is whether sensor
histories from vat-photopolymerisation equipment can separate normal variation from degradations that justify maintenance before print
quality or availability is lost. The review focuses on evidence that supports repeatable manufacturing decisions and excludes proprietary
recipes, supplier-specific settings and undocumented operator heuristics.

1.1 Corpus boundary

ER-343 owns machine-health monitoring and maintenance decision logic for vat-photopolymerisation equipment. It does not own part-
level process control, general metrology calibration management or cybersecurity of the maintenance infrastructure. ER-342 owns inline
spectroscopic process analytical technology, ER-344 owns machine-capability studies and ER-350 owns cybersecurity; ER-343 is
limited to degradation signatures and maintenance decision thresholds.

2. Predictive maintenance needs a failure model

A sensor trend becomes useful only when it is connected to a plausible degradation path. Candidate states include light-engine
output non-uniformity, stage backlash, peeling-force drift, vat-film wear, optical contamination, thermal-control degradation and
fan or pump deterioration. Each state needs a measurable precursor and a defined consequence [1,2].

3. Sensors should target observability, not volume

More telemetry does not automatically improve maintenance. Radiometry, motor current, position error, force, temperature,
vibration and camera data can be complementary, but each channel should map to a degradation mode and have a known
sensitivity floor. Signals that mainly follow build geometry should not be mistaken for equipment health [1,2].

4. Baselines must account for operating context

Load, resin viscosity, ambient temperature and build geometry can change machine signals without degradation. Condition
indicators should therefore be normalised to operating context or compared within matched regimes. A maintenance threshold
defined from pooled heterogeneous jobs risks excessive false alarms or missed deterioration [1-3].
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5. Intervention thresholds are decision limits

A statistically unusual signal is not automatically a maintenance trigger. Thresholds should combine detectability, failure
consequence, maintenance lead time and the cost of unnecessary intervention. Where safety or expensive quality escapes are
possible, conservative action may be justified; for low-consequence wear, confirmation tests may be better [2,3].

6. Verification after intervention closes the loop

Predictive maintenance is incomplete unless the intervention is followed by a health check that demonstrates restoration.
Replacing a vat film, cleaning optics or servicing a stage should produce the expected change in the relevant indicator and, when
appropriate, a reference build or metrology check [2,3].

7. Qualification architecture

A qualified maintenance system defines assets, failure modes, sensors, preprocessing, health indicators, alarm logic, maintenance
actions and post-action verification. Versioning of algorithms and sensor replacements should be controlled because either can
change the apparent health trend [2-4].

8. Evidence hierarchy and transfer

Historical correlation between an indicator and failure is stronger than engineering intuition alone, but prospective validation is
stronger still. Transfer to another machine requires evidence that the sensor chain and failure mechanism are comparable rather
than assuming identical thresholds across nominally identical printers [2-4].

Table 1. Qualification matrix for predictive maintenance for vat-photopolymerisation equipment.

Degradation mode Candidate indicator Verification

Light-engine drift Radiometry / field uniformity Reference irradiance map
Stage/backlash wear Position error / motor signature Gauge or reference motion test
Vat-film wear Peel force / optical inspection Film inspection and reference build
Thermal degradation Temperature error and recovery time Thermal step test

Optical contamination Image/irradiance non-uniformity Cleaning response

9. Interpretation matrix

For predictive maintenance, a sensor excursion may represent component degradation, unusual process loading, environmental variation
or sensor bias. Trending, maintenance history and an independent measurement are needed to distinguish deterioration from normal
operating variation before an intervention threshold is crossed.

Table 2. Diagnostic interpretation matrix for predictive-maintenance signals.

Signal behaviour Possible cause Decision safeguard

Slow monotonic drift Wear or contamination Trend plus maintenance response
Job-dependent excursions Geometry/load effect Context normalisation

Step change after service Sensor or assembly change Re-baseline with traceable check
High noise Loose connection or unstable process Signal-quality alarm before diagnosis

10. Limitations and evidence gaps

Predictive-maintenance evidence for vat-photopolymerisation equipment is still fragmented across generic condition monitoring,
machine-specific service data and limited public failure histories. Degradation signatures may be confounded by resin, environment and
operating load, so intervention thresholds cannot be assumed to transfer between machines. The review therefore supports condition-
based architectures but not universal alarm limits or remaining-life predictions.

11. Conclusions

Predictive maintenance for vat-photopolymerisation equipment should connect observable sensor trends to defined degradation
mechanisms and verified post-intervention recovery. Data volume without a failure model is not predictive. A defensible programme
therefore combines baseline health, context-aware trending, intervention criteria and confirmation that the machine has returned to an
acceptable state.
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