
CASE STUDY

METICULOUS METALLOGRAPHY 
HELPS CRACK THE CASE

Shortly after take-off, a single engine turbo prop utility aircraft experienced a 
loss of engine power. The pilot attempted to glide the aircraft to a safe landing 
in a recently planted field, but unfortunately the plane impacted a hedgerow at 
the end of the field, killing the pilot.

In a post-accident engine teardown performed by the NTSB, a compressor 
turbine (CT) blade was observed to have fractured at the base of its airfoil 
section due to fatigue cracking. The fractured blade resulted in extensive 
secondary damage that caused the engine failure.

SITUATION

In the subject type turbine, the gas generator section, which ingests and 
compresses air, delivering it to the combustor where it is mixed with fuel and 
ignited, is decoupled from the power generator section. The power section 
extracts energy from the hot expanding combusted gas and converts it into 
rotational energy that drives gearing and the engine propeller. Since the 
sections are decoupled, rotation of the gas generator bladed disks, or blisks, 
and impeller are driven by a shaft connected compressor turbine that is situated 
immediately aft of the turbine combustor. The CT blades see the hottest 
temperatures in the engine and therefore must withstand extremely demanding 
metallurgical and mechanical conditions. 

ESi’s extensive aviation experience includes deep 
expertise in high temperature turbine blade superalloys. 
We routinely diagnose blade issues such as metallic 
creep, fatigue cracking, and sulfidation corrosion. 
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Services Utilized 

 Metallurgical Analysis• 
 Fractography• 
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 Metallography• 

 Scanning Electron Microscopy• 

 Elemental Detection and Mapping• 
 FARO Laser Scanning• 

 X-ray Computed Tomography• 

 Microhardness Testing• 

 X-ray Energy Dispersive • 
  Spectroscopy

About ESi
For over 30 years, ESi has leveraged its 
multidisciplinary team of engineers, 
scientists, and professional technical 
staff to investigate many major accidents 
and disasters. Our technical expertise, 
hands-on experience and state-of-the-
art facilities, combined with diagnostic, 
analytical and physical testing capabilities 
create an ideal environment for quickly 
identifying and interpreting the facts of 
a case.
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 Metal Alloys• 

 Composites• 

 Polymers• 

 Elastomers• 
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 Ceramics• 

ESi’s materials team consists of broadly 
experienced consultants available to 
address client needs related to a variety 
of materials in almost every industry, 
discipline, and incident area, including:

 Electronics• 

 Glass• 

 Building Materials• 
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SOLUTION
ESi was retained by the aircraft operator to do a metallurgical-focused 
investigation as part of product liability litigation arising from the accident. 
While the fracture mode of the initiating CT blade failure was undisputed by all 
to be high cycle fatigue (HCF) cracking, the investigation focused on CT blade 
manufacturing issues and whether newer style, single crystal blades should have 
been used in the engine.  

ESi attended an inspection of the aircraft wreckage and hosted two laboratory 
inspections in our Dallas, TX office. Post-separation secondary damage 
precluded examination of the trailing edge fatigue origin area of the initiating CT 
blade. Such inspection is typical for understanding what precipitated the fatigue 
cracking. Fatigue failure for the subject blade’s limited operational service was 
unusual, suggesting either a material anomaly, defect, or surface damage (e.g., 
foreign object damage) weakened the blade predisposing it to fatigue cracking. 

It was also alleged that the type of CT blades in use were inadequate for their 
purpose and that newer type blades would have prevented the accident. With 
improved manufacturing methods, turbine blade casting has evolved from 
polycrystalline blades to newer type, single crystal blades. Polycrystalline blades 
consist of a multitude of tiny crystals randomly oriented and packed together 
(think rock candy). The grain boundaries between these tiny crystals can promote 
a high temperature, high stress turbine blade degradation phenomenon known 
as metallic creep. Single crystal blades eliminate grain boundaries and thereby 
inhibit creep and extend blade service life. However, since the subject blade failed 
by fatigue cracking and not creep, ESi determined that the use of the newer style 
blades would not have prevented the failure.

In addition to the initiating failed CT blade, other blades from the same 
manufacturing serial number lot on the turbine wheel were studied. X-ray 
computed tomographic (XCT) examination of the blades revealed several void-
like indications at various locations internally to the blades. Per review of the 
manufacturer’s quality requirements, such voids of limited size were permitted 
in the blades but not in specific critical locations where their presence would 
weaken the blade in normal operation.

Using slices from the XCT scan as a guide, an ESi lab technologist carefully 
sectioned and mounted the blade in a plane near the XCT scan observed 
indication. Over the next day and a half, light polishing was performed to 
methodically remove thin layers of blade material to reach the location of the 
indication. Some attending experts lamented the tedious process was coming 
up empty, thereby confirming a false indication. However, one last polishing 
attempt revealed the indication, identifying it as a near-surface casting pore. 
This finding  confirmed the blade’s discrepant condition and raised concerns 
about the quality of the casting lot as a whole.

One such discrepant indication was observed from the XCT scan of a sister CT 
blade, just subsurface at the base of its airfoil section. This location of the blade 
is normally subjected to small but high frequency bending loads in service and 
the presence of a void defect could promote the type of fatigue crack initiation 
and eventual failure as observed in the subject blade. During the inspection, a 
dispute arose as to whether the XCT scan was identifying a true indication or 
rather simply it was an artifact of the XCT scan (false indication). Participants 
agreed to perform metallography on the blade to section, grind, and polish to 
the location of the internal indication. 

With the quality concerns identified for the initiating failed blade’s manufacturing 
lot and the blade’s short operational tenure, a manufacturing defect was 
strongly implicated as the origin of fatigue cracking and failure. The blade 
manufacturer readily settled the litigation matter, and ESi’s client, the aircraft 
operator, was not held liable for the accident.
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