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Executive summary
In industrial inkjet printing, nozzle failure is not a minor technical inconvenience but a significant operational 
challenge. It directly contributes to material waste, production downtime, and degraded print quality. Even a 
single malfunctioning nozzle can introduce visible artefacts or compromise the functional integrity of printed 
output, depending on the application.

Nozzle failures arise from a complex interplay of physical, chemical, and electrical factors, including air 
ingestion, ink outgassing, contamination, and component degradation. Detecting these failures reliably and at 
an early stage remains a persistent challenge for the industry.

This white paper examines the causes of nozzle failure and the limitations of existing detection methods. It also 
introduces emerging approaches to addressing the problem, with particular focus on Meteor Inkjet’s Nozzle 
Health Technology™ (NHT), an electrical sensing method, and MetVision, a camera-based solution. These 
technologies integrate with NozzleFix™ algorithms to enable real-time detection and compensation of nozzle 
failures, helping to ensure consistent and reliable print output.
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Introduction
Industrial inkjet technology has become integral to 
modern manufacturing, offering high-speed, non-
contact printing across a wide range of materials and 
applications. Despite its advantages, the reliability 
of inkjet systems depends fundamentally on the 
performance of individual nozzles, which can number 
in the hundreds of thousands within a single system 
 
Each nozzle functions as a microscopic pump 
driven by a piezoelectric actuator. The failure of even 
one nozzle can result in visible defects or, in some 
cases, structural weaknesses in the final product. 
As systems increase in scale and throughput, the 
probability and impact of such failures also increase. 
Consequently, the ability to detect, diagnose, 
and compensate for nozzle failures is critical to 
maintaining productivity and quality.

 
Sectors using industrial inkjet
Industrial inkjet is used across a diverse range of 
sectors, each with its own tolerance to nozzle failure 
and associated risks. In ceramic tile printing, for 
example, the natural variation in patterns can mask 
some missing nozzles, but poorly tuned waveforms 
may generate satellite droplets that contaminate 
the printhead faceplate and lead to further failures. 
Labelling applications, by contrast, are far less 
forgiving. Typically produced at relatively low 
resolutions, defects caused by missing nozzles are 
easily detected by the human eye and can result in 
rejected products. 
 
In textile printing, the process can sometimes 
conceal individual nozzle failures through scanning 
passes and post-processing techniques such as 
washing. However, aqueous inks used in textiles 
are prone to drying and depositing pigments, which 
can clog nozzles and lead to significant downtime 

and ink waste during recovery. In some cases, this 
has led to printheads being treated as consumable 
components. 
 
Product decoration presents a mixed scenario. 
High-end items such as perfume bottles require 
near-perfect print quality to meet consumer 
expectations, often necessitating multiple passes or 
higher resolutions to mask defects. More utilitarian 
products may tolerate minor imperfections, although 
defects that interfere with critical information remain 
unacceptable. 
 
Functional and 3D printing applications are 
particularly sensitive to nozzle performance. In these 
cases, missing nozzles can introduce structural 
inconsistencies that may lead to stress fractures or 
product failure. Similarly, in commercial single-pass 
printing, where redundancy is limited, nozzle failures 
can produce highly visible artefacts. To mitigate 
this, some systems employ redundant printheads, 
although this increases cost and complexity.

 
Why the inkjet industry is prone to 
nozzle failures  

 

The prevalence of nozzle failures in industrial inkjet 
systems is rooted in the nature of the technology 
itself. Each nozzle is a highly complex microfluidic 
device driven by a piezoelectric actuator, and each 
represents a potential point of failure. When 
multiplied across systems containing hundreds of 
thousands of nozzles, the likelihood of failure 
becomes statistically significant. 
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Moreover, the impact of failure is amplified by the 
sensitivity of human vision, which is particularly adept 
at detecting linear artefacts such as streaks. As a 
result, even isolated nozzle failures can have a 
disproportionate effect on perceived print quality. 

Causes of nozzle failure
Nozzle failures can arise from a wide range of 
mechanisms, often interacting in complex ways. Air 
ingestion can disrupt the continuity of ink flow, while 
ink outgassing, sometimes referred to as rectified 
diffusion, can lead to the formation of bubbles within 
the nozzle. Internal clogging may occur due to the 
accumulation of solids within the ink, and in certain 
ink types, such as UV-curable inks, curing can take 
place within the nozzle itself. 
 
External factors also play a role. Contamination from 
dust or debris can block the nozzle opening, while 
excessive wetting or misting on the nozzle plate can 
interfere with droplet formation. In addition to these 
fluidic and environmental factors, electrical failures 
within the drive circuitry or mechanical failures in the 
piezoelectric actuator or its bonding can render a 
nozzle inoperative.

 
Why it is difficult to assess jetting 
performance
Determining whether a nozzle is jetting correctly is 
inherently challenging. Optical methods, such as 
camera-based inspection, require high-resolution 
imaging systems, controlled lighting conditions, 
and substantial computational resources. While 
such systems can identify defects in printed output, 
isolating the specific nozzle responsible is often 
difficult, particularly in high-speed production 
environments. The use of test patterns can simplify 
this process but introduces additional costs in terms 
of media consumption and production downtime. 
Furthermore, inks that are low in contrast or  

colourless can be difficult to detect using optical 
methods. 
 
Electrical sensing approaches offer an alternative but 
come with their own challenges. Integrating sensing 
capabilities into printhead operation can be complex, 
particularly when attempting to perform sensing and 
printing simultaneously. In addition, the effectiveness 
of electrical sensing depends on the design of the 
printhead and the ability to interpret the resulting 
signals accurately. 
 
Electrical sensing approaches offer an alternative but 
come with their own challenges. Integrating sensing 
capabilities into printhead operation can be complex, 
particularly when attempting to perform sensing and 
printing simultaneously. In addition, the effectiveness 
of electrical sensing depends on the design of the 
printhead and the ability to interpret the resulting 
signals accurately.

 
Existing solutions and drawbacks
Traditional approaches to managing nozzle 
performance tend to be reactive rather than 
proactive. Manual inspection is time-consuming and 
subject to human error, while the use of test prints 
consumes media and interrupts production. Some 
systems employ redundant printheads to mitigate 
the impact of failures, but this increases both cost 
and system complexity. Scheduled maintenance 

“Meteor's Nozzle Health 
Technology represents a 
shift towards real-time, 

data-driven nozzle  
monitoring.”
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and purging routines are commonly used but are 
often inefficient, as they may be performed either too 
frequently or too late to prevent defects.

The solution: Nozzle Health 
Technology™

Meteor Inkjet’s Nozzle Health Technology™ 
represents a shift towards real-time, data-driven 
nozzle monitoring. By leveraging electrical sensing 
techniques integrated into the printhead driver 
electronics, the system measures the impulse 
response of individual nozzles in a fraction of a 
millisecond. This is achieved by capturing the 
residual oscillation of the piezoelectric actuator 
following excitation, allowing the system to infer the 
condition of each nozzle. 
 
Through this approach, the technology can 
distinguish between normal jetting behaviour and 
various failure modes, including non-jetting, weak 
jetting, air ingestion, and partial blockage. Because 
the method is independent of ink colour and does 
not rely on printed output, it eliminates the need for 
test patterns and associated media waste. 
 
Furthermore, the ability to scan all nozzles in parallel 
enables rapid assessment across entire printheads. 
 

The practical implications of this capability are 
significant. Before a print job begins, the system can 
determine whether the printhead is in a suitable state 
for production or whether purging is required. During 
maintenance, it can verify the effectiveness of 
purging operations without the need for visual 
inspection. It also allows for on-demand testing of 
suspected issues and supports continuous 
monitoring between print jobs. 
 
When combined with NozzleFix™ algorithms, the 
system can go beyond detection to actively 
compensate for nozzle failures. By adjusting image 
data in real time, it is possible to minimise visible 
artefacts and maintain acceptable print quality even 
in the presence of nozzle defects. In more 
demanding applications, the system can also trigger 
maintenance actions or halt production to prevent 
defective output.
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Test results
Testing conducted at a customer site demonstrated 
the effectiveness of Nozzle Health Technology in 
classifying nozzle states. The system was able to 
distinguish between non-jetting, degraded, and 
normal nozzles with a high degree of accuracy. 
Across multiple datasets and repeated test runs, the 
classification accuracy reached 99.4%, indicating a 
high level of reliability in real-world conditions. 
 
Red – Non jetting

Amber – Slow jetting

Blue – Normal jetting

 

Conclusion
Nozzle failure remains one of the most persistent 
challenges in industrial inkjet printing, with significant 
implications for quality, productivity, and cost. 
Existing detection methods are often limited by 
their reliance on visual inspection or inefficient 
maintenance practices. 
 
Electrical sensing technologies such as Nozzle 
Health Technology™ offer a compelling alternative, 
enabling real-time, non-invasive monitoring of 
nozzle performance without the need for media 
consumption. When combined with intelligent 
compensation algorithms, these technologies 
provide a pathway to more robust and efficient inkjet 
systems. 
 
With broad compatibility across leading printhead 
manufacturers, this approach is well positioned to 
play a central role in the next generation of industrial 
inkjet solutions.
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About Meteor Inkjet

Meteor Inkjet Ltd is the leading independent supplier of industrial inkjet electronics, software, tools and 
services. Working closely with all major industrial inkjet printhead manufacturers, Meteor offers production-
ready solutions to printer OEMs and integrators worldwide.

www.meteorinkjet.com
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