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The crate contained a quantity of grease double-bagged that had been located in the 
void behind the bunghole feature. Figure 8 and Figure 9 show the bag and contents. 
This grease was not evaluated further during this examination. 

Figure 8: Grease from outer cylinder, with inner and 
outer bags 

Figure 9: Grease from outer cylinder, inner bag 
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The Aft and Forward sections were mounted and sectioned by bandsaw as seen in 
Figure 16 and Figure 16. 
 

 
Figure 15: Aft portion mounted during sectioning 

by bandsaw 

 
Figure 16: Forward portion mounted for 

sectioning 
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The smaller sized samples after sectioning are see in Figure 17 and Figure 18.  
 

 
Figure 17: Aft portion after sectioning 

 

 
Figure 18: Forward portion after sectioning 
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The parts were ultrasonically cleaned and microscopic images were obtained of the 
fracture surfaces, see Figure 19 and Figure 20. 
 

 
Figure 19: Microscopic image of the Aft fracture face 

 

 
Figure 20: Microscopic image of the Forward fracture face 
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The Forward and Aft portions were further sectioned to allow detailed examination, 
Figure 21 and Figure 22. Portions were labeled as seen in the figures. 
 

 
Figure 21: Aft portion sectioned to allow further examination 

 

 
Figure 22: Forward portion sectioned to allow further examination 
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The A2 portion was stripped of paint and primer at the BR&T paint lab. See Figure 23 
and Figure 24. 
 

 
Figure 23: Portion A2, outer surface, after paint and primer removed 

 

 
Figure 24: Portion A2, inner surface, after paint and primer removed 
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Items A2C and F4 were stripped of paint and primer and subjected to a nitric acid and 
alcohol (nital) etch inspection, see Figure 34 and Figure 35. 
 

 
Figure 34: A2C portion after stripping and nital etch 

 

 
Figure 35: Portion F4 after stripping and nital etch 
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Nital etch of showed the presence of under-tempered (light colored etching) and over-
tempered (dark ring) martinsite, see Figure 36. 
 

 
Figure 36: Close up of arc burn after nital etch showing damage consistent with arc burn 

 
The area of interest on portion A2B was mounted and polished for further SEM 
examination, see Figure 37 and Figure 38 
 

 
Figure 37: Portions A2B1+A2B2 mounted and polished 
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April 29, 2022 was the last day of the NTSB attended exam at Boeing EQA. 
All additional portions from the Aft and Forward portions have been returned to EQA, 
see Figure 40. 
 

 
Figure 40: Aft and Forward portions at EQA 

 
All parts initially received have been returned to the shipping crate as seen in Figure 41 
and are currently stored securely at Boeing EQA. 
 

 
Figure 41: All parts returned to shipping crate at EQA 
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Refer to enclosure A for details of the BR&T examination and analysis. 
 
 
DISPOSITION: 
 
The subject component will be conveyed per instruction from Boeing ASI after 
completion of this analysis. 
 

-------------------- 
The preceding information is being submitted for information purposes.   
 
 
 
Signature on file. 
 
 
 
ENCLOSURE: 
 
A. BR&T Engineering Report No: MS 14149 
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Engineering Report No:  MS 14149 

 
 

To:   
                        
 
 
CC:   
   
   
   
      
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EXPORT CONTROLLED - This technology or software is subject to the U.S. Export 

Administration Regulations (EAR), (15 C.F.R. Parts 730-774). No authorization from the 

U.S. Department of Commerce is required for export, re-export, in-country transfer, or 

access EXCEPT to country group E:1 or E:2 countries/persons per Supp.1 to Part 740 of 

the EAR. 
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FRACTURE ANALYSIS REPORT 
 
Engineering Report No:  MS 14149 Date:  June 6, 2022 
 
Lab BLIS Number(s):  2022506, 2022134  
 

Part Information:  

Design Drawing Part Name:  Right Main Landing Gear Outer Cylinder     

Part Number:   161A1118-12 

Serial Number (if applicable):   

ATA Index:  32      

Responsible Design Group: Landing Gear Design  

   

Airplane Information:    

A/P Customer: Sun Country A/P Model: 737- 800  

Registry No: N817SY Line Position No: 833    

Flight Hours: 68,008  

 

Material Information: 

Material:    4340M       

Heat Treat:   275 – 300 ksi 

Material Specification:  BMS7-26  
Finish:  
Outside Diameter: 

Cadmium-titanium alloy plate and apply chromate treatment.  
Apply two coats of Primer. 
Apply gloss enamel 
 

Inside Diameter: 
Cadmium-titanium alloy plate and apply chromate treatment 
Apply one coat of primer.  
Apply Sprayable Sealant  
Apply one coat of primer. 

 Coat the interior surface of tubular and hollow parts with CIC 
 
Other Applicable Information: 

 

GROUP INDEX: Landing Gear Design Center 

SUBJECT: Metallurgical Fracture Analysis of Main Landing Gear Outer Cylinder 
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BACKGROUND:  

 Soon after takeoff from Harry Reid International Airport (LAS) Sun Country Airlines flight 110 received a red 
warning light for the right main landing gear (RMLG). After subsequent actions in the cockpit, the crew declared 
an emergency and returned to LAS. During landing, about 3 seconds after touching down, the RMLG collapsed. 

The RMLG was removed from the airplane and the fracture surfaces were excised. The RMLG fractures were 
submitted to the National Transportation Safety Board (NTSB) for investigation. The NTSB shipped the parts to 
Boeing and supervised the Equipment Quality Analysis (EQA) and BR&T investigations at Boeing. Figure 1 
shows the as-received parts in the shipping crate. The smaller, forward section is in the cardboard box. 

The Right Main Landing Gear Outer Cylinder was originally delivered with A/C YC473/29918. The Right Main 
Landing Gear was overhauled at TAP, Rio de Janeiro, Brazil in February 1, 2012 after 20,995 Flight Cycles. No 
details were provided as far as what processes were performed during this overhaul. 

  

EXPERIMENTATION AND RESULTS: 

After the fractured parts were removed from the shipping container and photographed, under the direction of the 
NTSB, the parts were cut into sections manageable for further dissection in the metallographic laboratory and 
labeled consistent with their orientation on the landing gear. (Figure 2, 3a and 3b.) 

The subject right main landing gear outer cylinder had fractured through the trunnion of the outer cylinder, through 
the bung hole (a tooling hole).  

The fracture faces were well preserved and visual examination revealed the presence of slow crack growth 
thumbnail features on both sides of the hole (Figure 4 and 5).  The fracture appearance in these regions was 
consistent with fatigue crack propagation.  SEM microscopy confirmed the origin of both fractures was located at 
the corner created by the intersection of the bung hole and the inner surface of main landing gear outer cylinder 
trunnion (Figure 6a). The fatigue cracking propagated from intergranular regions that were present at the corner 
(Figure 6b). The intergranular fracture portion had unusual particles on grain faces and boundaries (Figure 6c).  
EDS of the particles revealed that they were essentially pure cadmium as show in figure 6d, indicating that the 
intergranular portions of the fracture were possibly the result of cadmium embrittlement.  The secondary origin 
exhibited intergranular fracture features with cadmium at the grain boundaries that were similar to those at the 
primary origin (Figures 7a, b, and c).  At the primary origin, the intergranular fracture mode extended to a depth of 
approximately 0.02 inches prior to transitioning to transgranular fatigue cracking to a depth of approximately 0.42 
inches (Figure 8a). At the secondary origin, the slow growth fatigue fracture growth extended to a depth of 0.07 
inches (figure 8b).  

The section containing the Aft Fracture Face was chemically stripped and lightly grit blast to aid in removal of the 
finishes (the fracture faces were protected during these operations to prevent damage). When the finishes were 
removed, the presence of four spherical anomalies approximately 0.1 inches in diameter were revealed. These 
spherical artifacts were centered on the intersection of the inner diameter of the bung hole and the inner diameter 
of the outer cylinder trunnion. The spherical features were consistent with base metal burn damage created by 
electrical arcing.  Two of these were coincident with the fracture origins. Figure 9a and 9b show the arc burn that 
was present at the primary fracture origin.  

Magnetic particle inspection was performed on the stripped Aft Fractured part and magnetic particle indications 
were coincident with the spherical burn areas on the radius, with one of these areas also showing a linear 
indication for a crack (Figure 10). This piece was further sectioned to enable cross-sectioning of one of the arc 
burns for metallographic examination and nital etch inspection (Figure 11). Two dark etched rings were present 
on the intersection of the inner diameter of the cylinder and the bung hole feature (Figure 12a and b).  These 
indications were coincident with the locations that had magnetic particle inspection indications. These darker 
etched areas were characteristic of overtempered martensite (OTM) and consistent with heat damage created 
during arc burning.  Figure 13 shows a magnified image of an arc burn observed on the bung hole. 

The arc burn selected for cross-sectioning was mounted and prepared for metallographic examination. The inner 
most region was missing material. Four regions of interest were observed (Figure 15). Hardness measurements 
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were made from the surface into the matrix of the three regions present. The surface was approximately 56 Rc, 
consistent with undertempered martensite, the next region was approximate 45 Rc, consistent with overtempered 
martensite, and the matrix was approximately 56 Rc, which is typical of the proper 275-300ksi temper for 4340M 
(Figure 15a and b). The microstructural modifications and hardness values were consistent with heat damage that 
occurs during electrical arcing events. The second layer was a porous area that did not have a typical wrought 
metallic microstructure and was consistent with pronounced, localized base metal heat damage (Figure 16). 

Additional SEM work was done to further characterize the burn. The mount was coated with Au-Pd (Gold 
Palladium) enabling EDAX to be performed. The porous area in the subsurface of the indication was located 
using the SEM, and the spectrum showed Cd present in the region of the arc burn that had severe heat damage 
(Figure 17a and b). The presence of Cadmium was also detected in a crack emanating from the arc burn (Figure 
18a and b).  

CONCLUSIONS: 

The main landing gear outer cylinder fractured at the bung hole in the trunnion area 17,496 cycles after its first 
overhaul which was accomplished in February 2012.  

The fracture originated at two locations along the corner feature that is formed between the inner diameter of the 
bung hole and the inner surface of the trunnion. The initiation occurred by an intergranular separation mechanism 
characteristic of cadmium embrittlement to a depth of .02 inches. 

Beyond the intergranular fracture area, the growth mechanism changed to fatigue crack propagation to a final 
depth of 0.42 inches before final fracture occurred. 

Metallurgical evaluation revealed that primary and secondary origins were coincident with arc burns which created 
base metal heat damage. 

After all finishes were removed, Cadmium was detected in the porous surface layer and within secondary cracks 
that emanated from the arc burns indicating that Cadmium plating was present when the arc burns occurred. 
Possible sources for the arcing damage are during post –plate magnetic particle inspection, or more likely, during 
a stylus cadmium plating operation. 

The protective finishes in the area of the fracture initiation were in accordance with CMM requirements and the 
material exhibited hardness values consistent with the required 275-300ksi heat treat condition. 

Prepared by: 

Approved by:

Approved by:
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Figure 16.  500x photograph of area at the surface of the cross-section of the cross-sectioned arc burn. Note the 
difference in the grain morphology at the surface.  
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