
1 

 

 

 

 

October 4, 2019 
 

PrintRite3D Alerts 

for Anomaly Detection 
 

Prepared by 
 

Lars Jacquemetton, Senior Software Engineer 
Scott Betts, Process Engineer 

 
Approved by 

 
Darren Beckett, CTO 

 
Sigma Labs, Inc. 

3900 Paseo del Sol 
  Santa Fe, NM 87507 

 



2 

 

 

Abstract 
 

 Rocket nozzles with intentional defects were constructed while under observation using Sigma 

Labs PrintRite3D. Anomalies were detected automatically, and alerts were sent to machine operators. 

Alerts accurately described the nature of the defect and the corrective action needed. Waste cost 

analysis was performed comparing different additive manufacturing quality control strategies. 

Immediate action based on in process quality metrics (IPQMs) alerts were shown to minimize waste 

compared to other methods. 

Introduction 
 

Metal Laser powder bed fusion (LPBF) is an additive manufacturing (AM) technique that utilizes 

a high-power laser to fuse metallic powders into a desired geometry. It is a rapidly growing market and 

many companies are in the processes of incorporating additive manufactured metal parts in greater 

numbers. It offers lower costs compared to traditional machining for complex geometries, especially for 

difficult to machine materials. There are also many geometries that can be additively manufactured that 

would be impossible to manufacture using traditional machining methods [1]. 

In-Process Quality Metrics (IPQMs™) are quantitative features computed by direct on-axis 

observation of the LPBF process aggregated over a pixel grid. The spatial resolution of these metrics is 

typically [100µm x 100µm].  
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Figure 1. On-Axis Optical Layout Diagram of PrintRite3D showing TEP™ & TED™ 

 

One such IPQM is TED™ which aggregates a wide band of wavelengths emitted during the build 

process. Another such metric is TEP™ which uses dual high-sensitivity sensors observing narrow-band 

filtered light emitted from the process to calculate temperature independent of emissivity changes. 

IPQMs are substantially different than conventional inspection methods. Many inspection 

methods are destructive, such as metallography or fatigue testing using servo hydraulic test machines 

capable of applying large cyclic loads [2]. Destructive testing facilitates the determination of the exact 

chemical and crystal makeup of an object. However, it has a large disadvantage of necessitating the 

destruction of at least part of the item inspected. Thus, this method is applicable for manufacturers that 

can afford to intentionally waste resources to verify material composition. Another disadvantage is it 

necessitates the assumption that the part being tested is accurately representative of the other parts, 

which may not be the case. 

IPQMs are a non-destructive testing (NDT) method. Other NDT methods include Visual 

inspection (VT), inspection using penetrating radiation such as computed tomography (CT) [3] and 

coordinate measurement. The resolution of CT is highly dependent of the size and composition of the 

object under inspection. Metal LPBF typically use powders that have very high radiodensity, which refers 

the relative inability of electromagnetic radiation to penetrate materials. This inability to penetrate 

materials lead to beam hardening artifacts. Each layer is individually prone to having possible defects 

and due to how thin each layer is, inspection resolution can be critical. CT techniques may be acceptable 

for larger defects produced by additive manufacturing but with built layers being about 1/3 as thick as 

the most capable X-ray resolution levels, the CT is capturing at best three layers of the component at a 

time. CT is not suitable for finding layer level defects, a realistic problem scale for AM processes. 

Geometric and radiodensity challenges can make CT interpretation unreliable and very subjective [4]. 

Coordinate measurement systems are hampered by the surface roughness of the LPBF process and the 

inaccessibility of internal features of complex parts. CT inspection systems often require removal of the 

parts from the plate and creation of fixtures for new geometries, lengthening the time gap between 

production and inspection results. 

IPQMs benefit from directly observing every layer of the processes without having to penetrate 

the material, providing data independent of radiodensity limitations, free of beam hardening artifacts 

and have no internal geometry accessibility issues. They provide a spatial resolution that is independent 

of the size of the part being manufactured. They also provide inspection data immediately after each 

layer process, as opposed to after the completion and removal of the part from the build chamber. 

IPQM systems such as PrintRite3D, once installed can provide information for all parts produced on a 

machine for no additional per-part cost. IPQMs providing information of defect formation during a 

process can allow intervention to prevent further waste of material or propagation of systematic 

defects.  
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Methods 

 

Fig 2. AJRD Rocket Nozzle Design [5] 

“A test article was developed by Aerojet Rocketdyne under a government program sponsored by the Air 

Force Research Lab (AFRL) to have features representative of aerospace applications to be 

manufactured using laser powder bed fusion. This article was used to verify the capabilities of the ICME 

platform developed under the DARPA open manufacturing program for improving the manufacturability 

of the additive manufacturing process. As shown in Fig. 2, the specimen design incorporated multiple 

features of interest that are likely to be encountered in aerospace applications. Several components 

were built to determine the capability as well as the repeatability of the process” [5]. 

 The rocket nozzle was modified to include several representative failure modes. A small area 

towards the bottom of the injector was intentionally overheated to represent a serious defect due to 

parameter assignment operational error, a common issue in additive manufacturing. The build was 
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collected using PrintRite3D and was configured to alert for this condition using the PrintRite3D Alert 

Framework. 

 

Fig 3. PrintRite 3D Anomaly Configuration 

First a class of anomalies was defined as having a TED IPQM value larger than 4000. The default 

smoothing radius of 5 was used for removing potential aliasing and moiré patterns from layer data. 

 

Fig 4. PrintRite 3D Alert Configuration 

 Second an alert was defined and configured for the TED class of anomalies which had areas 

larger than 4.0mm2 that persisted for more than one layer. 
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Fig 5. PrintRite Build Form with Alert Configured 

 Lastly the build was created with the previously defined alert “Substantial_Severe_Overheating” 

as a “Severe” alert. It was also defined as a alert to email, which sends out alert messages when an alert 

is triggered to relevant machine operators and administrators.  

Results 
 

 

Fig 3. Rocket Nozzle Build, PrintRite3D Software 2D View, First Alert Layer Number 63, 1.86mm 
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Fig 3. Rocket Nozzle Build, PrintRite3D Software 2D View (Zoomed) with IPQM Value Overlay, First Alert 

Layer Number 63, 1.86mm Vertical Height 

The build was performed and for layers 62-66 the designed anomaly was observed in IPQM  

with for all parts with a calculated range area of 4.0-5.1mm2. TED IPQM for automatically identified 

region was shown to be consistantly larger than 4000, on with range of 4500-5200. Since TED is beyond 

normal values, it provides feedback to the process engineer that this failure was a result of parameters 

that deposited too much energy into the material. 

 

 

Fig 4. Rocket Nozzle Build PrintRite3D Alert Summary Page 

 

 

Fig 5. Rocket Nozzle Build Alert Email  
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Fig 6. Rocket Nozzle Build, PrintRite3D Software 3D View 

 As shown by figures 3-6 PrintRite3D provides immediate feedback for anomalies both through 

emails and within the application user interface. It also provides comprehensive 2d and 3d views to 

facilitate a rapid and detailed investigation by process engineers. 

Cost Analysis 

Build 
Quote Cost 

Number 
of Parts 

Layers 
per Build 

Cost Per 
Part 

First Alert 
Layer 

Alert Part 
Fraction Build Time 

Part 
Removal 

Cost 

$7,812.31 3 8096 $2,604.10 63 0.007781621 100 hr $100.00 

 

  

Fig 7. Waste for No IPQM, IPQM after build intervention, Intervention after CT & IPQM with immediate 

intervention 

Build 
Plates 

Waste (After Build 
IPQM Intervention) 

Waste (NO IPQM 
No Intervention) 

Waste (Immediate 
IPQM Intervention) 

Waste 
(Intervention 

after CT) 

1 $7,912.31 $7,912.31 $160.79 $7,912.31 

2 $7,912.31 $15,824.62 $160.79 $15,824.62 

3 $7,912.31 $23,736.93 $160.79 $23,736.93 

4 $7,912.31 $31,649.24 $160.79 $23,736.93 

5 $7,912.31 $39,561.55 $160.79 $23,736.93 
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The cost of poor quality for a production run of 5 build plates was briefly calculated for four 

situations, the first was under typical conditions, where IPQM is not installed and issues within the part 

are not discovered during the production. The second condition was where IPQM was installed and 

corrective action was taken after the first build. The third condition was where IPQM was installed and 

corrective action was taken immediately after the alert was triggered. A fourth condition was where 

IPQM is not installed and corrective action was taken after CT results. The lowest cost of all these 

situations was where IPQM was installed and the alert framework was used to initiate corrective action. 

Several assumptions were made in the waste calculations. For the IPQM with immediate intervention 

scenario the cost was calculated as a fraction of the alert divided by the total layers times the build cost. 

Intervention after CT assumed the CT results came after the third build. These calculations omitted the 

additional consequences of poor quality that result from customer-incurred cost, customer-

dissatisfaction cost and loss-of-reputation cost.  

Conclusion 
 

 IPQMs with automated analyses configured can provide meaningful and immediate alerts of 

issues to organizations using metal LPBF machines. PrintRite3D provides investigative tools that allows 

process engineers to better understand issues when they arise. When compared to conventional 

destructive and non-destructive inspection methods, IPQMs are shown to more immediate, less 

expensive and more readily actionable. IPQMs allow interpretation of why issues arise beyond the 

simple indication of their existence.   
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