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STRATEGIES  
FOR IMPROVING  
BLADE  
QUALITY AND 
RELIABILITY

Establishing consistent, credible 
criteria for what constitutes 
acceptable blade quality is 
foundational to any serious 
oversight program. (Courtesy: 
Shutterstock)
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Blade durability goes beyond 
design and must include 
consistent execution of 
that design across serial 
production, under real 
manufacturing conditions, 
that can affect the full 
operational life of a project.
By DAY TON A. GRIFFIN

H igh-profile turbine failures over the past several 
years have highlighted the importance of blade 
structural reliability. With original equipment 
manufacturers (OEMs) continuing to push safe-
ty factors lower to save costs and weight, the 
need for design-for-manufacture (DFM) and ro-

bust quality control systems is greater than ever. It is at this 
intersection between design and manufacture that DNV has 
introduced this new blade quality due diligence program.

WHERE FAILURES ORIGINATE
The major drivers of blade operational damage are well es-
tablished. Variations in manufacturing quality, damage for 
ineffective lightning protection systems, leading-edge ero-
sion, and dynamic loading from vortex-induced vibrations, 
are all leading contributors. Each of these factors deserves 
attention, but manufacturing variations are recognized as 
the leading cause of blade damage and failure. The challenge 
is compounded by the complexity of blade manufacturing 
itself. Blades are large, geometry-intensive composite struc-
tures built largely by hand, in labor-intensive processes that 
are sensitive to operator technique, ambient conditions, 
material handling, and process sequencing. Fortunately, 
manufacturing variation is also something the industry 
can directly control by implementing preventive measures. 

THE ROLE OF DESIGN FOR MANUFACTURING
One of the more productive activities available early in the 
blade lifecycle is DFM review. This structured assessment 
that brings blade-design engineers and manufacturing engi-
neers together to examine the intersection between design 
intent and production variability.

DFM maps manufacturing process parameters and tol-
erances against areas of the blade where structural reserve 
margins are the lowest. The goal is not to redesign the blade, 
but to identify where manufacturing variation poses the 
greatest structural risk and to carry those insights forward 
into factory oversight. Areas identified as sensitive in the 
DFM phase become focal points for subsequent inspection 
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and monitoring activities. Without this upstream analysis, 
quality control efforts risk being distributed evenly across 
a blade, rather than concentrated where the consequences 
of a deviation are most significant.

DFM works best when it is treated as a cross-functional ex-
ercise rather than a document review. Design engineers hold 
implicit knowledge about structural vulnerabilities, while 
manufacturing engineers hold equally implicit knowledge 
about where processes are difficult to execute consistently. 
Combining such expertise tends to reveal risks that neither 
discipline would have identified on its own.

FACTORY ASSESSMENT AND MONITORING
A one-time factory assessment also supports DFM, provid-
ing a baseline picture of a manufacturer’s process capability, 
adherence to work instructions, and quality management 
system maturity. It is a necessary starting point, but it merely 
captures a snapshot of a system that changes continuously, 
whether through staff turnover, process parameters drifting, 
or pressure to meet production targets, creating incentives 
to accept marginal work.

Sustained factory monitoring, with structured, recur-
ring visits during serial production, addresses what a single 
assessment cannot. The purpose is to verify that quality 
management practices are being consistently applied, that 
findings from prior visits have been resolved, and that the 
blades being produced are representative of what was orig-
inally assessed and validated. The frequency and duration 
of monitoring visits should be calibrated to the risk level es-
tablished by prior diligence: more intensive oversight where 
risk is higher and reduced frequency where confidence has 
been earned through demonstrated performance.

Critically, monitoring visits should carry a defined valid-
ity period. An opinion on factory quality formed 12 months 
ago may not reflect current conditions, and maintaining 

the value of oversight requires keeping assessments current.

PRE-OPERATION INSPECTIONS
Manufacturing defects that escape the factory’s quality 
management system represent a direct liability for project 
developers, owners, and lenders. Pre-operation blade inspec-
tions — manual, visual examinations of blade interior and 
exterior surfaces conducted before installation — provide a 
final checkpoint before blades go into service.

These inspections are conducted using conventional 
composite assessment tools such as tape measures, feeler 
gauges, comb profile gauges, and tap-test hammers. They 
are deliberately low-technology relative to some of the in-
spection methods now being explored, because the human 
expert with the right tools and training remains the most 
reliable instrument for identifying the range of defects that 
matter structurally.

A practical sampling approach, typically about 30 percent 
of the interior structure per blade, with the remainder inac-
cessible, allows experienced inspectors to form a representa-
tive assessment of a blade population without inspecting ev-
ery square meter. Defect findings are categorized by severity, 
and the most serious require remediation before operation. 
Others may be monitored during initial service or assessed 
for structural acceptability through engineering review.

The timing of pre-operation inspections matters more 
than it might appear. Inspections conducted at the factory, 
close to production, allow findings to feedback rapidly into 
manufacturing processes. Inspections conducted at the port 
or at the project site are further from the source resulting 
in longer feedback lags. As a result, defects may continue 
to be produced while remediation discussions are ongoing. 
Where feasible, factory-based inspection aligned with ongo-
ing production monitoring offers the most efficient quality 
improvement loop.

One of the more productive activities available early in the blade lifecycle is DFM review. (Courtesy: Shutterstock)
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CRITERIA FOR EVALUATING QUALITY
Establishing consistent, credible criteria for what consti-
tutes acceptable blade quality is foundational to any serious 
oversight program. Without defined thresholds, quality as-
sessments are difficult to compare across factories, blade 
models, or time periods, and the “trust gap” between OEMs, 
developers, and financial stakeholders has no agreed basis 
for resolution.

Operational robustness is the ultimate goal of meaning-
ful quality assessment frameworks. The target is not zero-de-
fects, which would be neither achievable nor economically 
rational in complex composite manufacturing. Rather, it 
reflects a state in which blades are built to specification or 
restored to specification prior to operation, known risks are 
limited to a small number of minor deviations, long-term 
durability aligns with the assumptions embedded in design 
standards, and there are no unresolved serial defect issues 
requiring repair campaigns.

Quantitative thresholds, based on the number and sever-
ity of findings in factory evaluations, or the number and 
severity of defects in pre-operation inspections, provide 
the structure needed for consistent judgment. Qualitative 
assessment of how manufacturers respond to identified 
problems is equally informative. A manufacturer that in-
vestigates, resolves, and learns from quality findings is in a 
much different risk category than one that treats findings 
as administrative items to be cleared.

STANDARDS AND CERTIFICATION
Certification remains a necessary foundation. Without it, 
there is no verified baseline against which manufacturing 
conformance can be assessed. Recent updates to blade stan-
dards have addressed several areas directly relevant to man-
ufacturing quality.

Revisions to certification requirements have sharpened 
design-for-manufacture expectations, specified which 
in-factory repairs must be covered by type certification test 
and analysis requirements, and defined a pathway by which 
manufacturers can reduce material usage. This last devel-
opment is notable because it creates a formal connection 
between manufacturing discipline and design allowances. 
Manufacturers that can demonstrate controlled, well-char-
acterized processes gain access to efficiency benefits that 
less disciplined competitors do not.

Verification of blade repairs addresses a long-standing 
gap between the field reality of blades requiring repair and 
the formal assurance structures available to confirm that 
those repairs meet structural requirements. This is partic-
ularly relevant as blades age and in-service damage accu-
mulates.

STRUCTURAL QUALITY  
FRAMEWORKS: APQP4WIND
The wind industry’s adaptation of the Advanced Product 
Quality Planning (APQP) framework, APQP4Wind, has been 
operational since 2017 and now includes participation from 
all major OEMs. 

APQP4Wind establishes tools, including Design Failure 
Mode and Effects Analysis (DFMEA) and Process Failure 
Mode and Effects Analysis (PFMEA), to proactively identify 
risks before they become production defects. The outputs 
feed capability studies and the definition of critical-to-qual-
ity parameters that should be monitored during production. 
The framework’s logic is sound, but its value depends almost 
entirely on the rigor of implementation. Uneven adoption 
across manufacturers — and variability in how seriously in-
dividual organizations apply the tools versus treating them 
as documentation exercises — limits the framework’s in-
dustry-wide impact.

A significant fraction of manufacturing variation in blade production is a direct consequence of the manual nature of the work. (Courtesy: 
Shutterstock)
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Further deployment of APQP4Wind’s defined tools, ap-
plied with the same discipline that made APQP effective in 
automotive manufacturing, represents one of the clearest 
near-term opportunities for structural quality improvement.

OPPORTUNITY AND  
CONSTRAINTS IN AUTOMATION
A significant fraction of manufacturing variation in blade 
production is a direct consequence of the manual nature of 
the work. Composite layup, bonding operations, and surface 
finishing are processes in which skilled human operators 
can and do produce excellent results, but in which consis-
tency across thousands of production cycles is genuinely 
difficult to achieve.

Automation would reduce this variation and would also 
likely increase unit manufacturing costs, at least in the short 
term. The question for the industry is whether the reduction 
in downstream costs — quality control, in-service mainte-
nance, unplanned repairs, lost production — justifies the 
upstream investment.  In the near term, DNV expects the 
replacement of human labor with automation to be limited 
in blade production.

Automated inspection tools, such as robotic crawlers, 
drones, and non-destructive testing using ultrasonic and 
thermographic methods, increasingly augmented by AI-
based data interpretation, are advancing rapidly and being 
adopted broadly. 

These tools are genuinely useful for capturing data effi-
ciently across large surface areas and for detecting certain 
feature types, but are not yet adequate replacements for ex-
pert human visual inspection across the full range of struc-
turally significant defect types. 

The most honest current assessment is that automated 
inspection and human inspection are complementary, and 
that the appropriate balance will likely shift as the technol-
ogy matures.

OPERATIONAL PHASE:  
RISK-BASED INSPECTIONS
Quality oversight does not end at installation. The initial 
operating phase of a new project is a period of elevated un-
certainty and manufacturing variation that escaped pre-op-
eration inspection may only manifest under operational 
loading. 

Risk-based inspection programs during the operational 
phase allow inspection scope and frequency to be calibrated 
to actual risk, rather than applied uniformly regardless of 
known conditions. 

A typical starting point for a new project with no iden-
tified concerns might involve internal inspections of 10 to 
25 percent of the project’s blades annually, combined with 
drone-based external inspections of the full fleet. These per-
centages are adjusted upward when prior quality diligence 
has surfaced concerns and can be reduced as operating ex-
perience accumulates without incident.

The logic of risk-based inspection is that inspection re-
sources should be proportionate to the risk of finding some-
thing, and that findings from each inspection cycle should 
inform the scope of the next. This is meaningfully different 
from a fixed-schedule inspection regime, and it tends to pro-
duce better outcomes for equivalent inspection investment.

THE ‘TRUST GAP’
Underlying the technical discussion is a commercial reality: 

Sustained factory monitoring, with structured, recurring visits during serial production, addresses what a single assessment cannot. (Courtesy: 
Shutterstock)
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Developers, lenders, and insurers have limited direct visibil-
ity into blade-manufacturing quality, and the consequences 
of quality failures fall substantially on them rather than on 
the manufacturers. This misalignment of information and 
risk is what generates the “Trust Gap.”

Closing it requires more than assurances; it requires 
structures — independent oversight, defined criteria, doc-
umented findings, transparent remediation — that give fi-
nancial stakeholders a credible basis for assessing the quality 
of what they are financing. 

This is not fundamentally different from what environ-
mental due diligence or technical energy yield assessments 
do for other aspects of project risk. It applies the same prin-
ciple: qualified independent assessment as a condition for 
informed investment decisions.

For OEMs, engaging proactively with rigorous quality 
oversight, not as a compliance exercise but as a competitive 
differentiator, is increasingly the more defensible commer-
cial position. Manufacturers with documented quality pro-
grams and independent verification are better positioned in 
project financing discussions than those without. 

CONCLUSION
Blade durability is not primarily a design problem. The tech-
nical knowledge to design reliable blades exists and is em-
bodied in current standards and OEM design teams. 

The more difficult problem is consistent execution of 
that design across serial production, under real manufac-
turing conditions, affecting the full operational life of a 
project.

Addressing that problem requires investment at multiple 
points in the blade lifecycle: DFM review before production 
begins, factory assessment and ongoing monitoring during 
production, pre-operation inspection before installation, 
and risk-based inspection during operation. Each element 
informs the others. 

The most durable quality improvements have come from 
treating these as an integrated program rather than inde-
pendent activities.

The broader industry trajectory is favorable as stan-
dards improve, monitoring frameworks become more so-
phisticated, and automated inspection tools advance. The 
APQP4Wind framework also provides a structured basis for 
proactive quality management. 

None of these developments replaces the fundamental 
requirement for disciplined manufacturing execution — but 
they create better conditions for it, and better mechanisms 
for verifying that it is happening. 
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WindEnergy Hamburg 2026:  
Connecting U.S. Innovation with Global Wind Opportunities

WindEnergy Hamburg 2026, taking place from September 22 to 25, offers 
a premier global platform for U.S. companies, developers, and investors 
to engage with the future of wind energy.

Recognized as the world’s leading trade fair for the sector, the event  
will host more than 1,600 exhibitors and over 43,000 participants from  
around 100 countries. It provides a comprehensive overview of the full  
wind energy value chain, including advanced turbine technologies,  
digital solutions, and grid integration tools that are directly relevant to  
the evolving U.S. market.

A key focus will be on digital innovation, energy storage, sustainable 
manufacturing, and financing models. A dedicated exhibition area for 
storage solutions reflects the growing importance of balancing renewable 
generation with grid reliability, a priority for U.S. energy stakeholders.

The U.S. National Pavilion in Hall B1, Upper Floor, will serve as a central 
hub for American companies, showcasing innovation and facilitating 
international business connections.

Alongside the exhibition, a high level conference program with more than 
300 speakers will deliver insights into global trends, policy developments, 
and investment opportunities.

For U.S. participants, WindEnergy Hamburg 2026 offers  
a valuable  opportunity to build partnerships, access  
cutting edge technologies, and strengthen their position  
in the global energy transition.

windenergyhamburg.com

http://windenergyhamburg.com
http://windsystemsmag.com



