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Case Study: Gearbox Condition Assessment 
 
Introduction 
 
VGO Testing & Inspection Engineers was retained by another consulting engineering firm to 
conduct a condition assessment of the gears from 12 spillway gate hoist system gearboxes from 
three regional flood control dams. The three dams in question were constructed in the mid 50’s 
to mid 60’s. Thus, the gearboxes were on the order of 45 to 60 years old, which raised concerns 
about their continued serviceability. To address these concerns, a contract had been awarded 
to the gearbox manufacturer for inspection and rehabilitation of the gearboxes. 
 
The scope of the contract reportedly called for replacing the gearbox bearings and seals and 
inspecting the rotating elements, with the expectation that the rotating elements would be 
largely re-useable. However, the manufacturer’s inspection revealed cracks and other defects 
on almost all of the rotating elements. Because of the apparent severity of the cracking and the 
number of elements affected in the individual gearboxes, the manufacturer recommended 
replacement of all the rotating elements, retaining only the gearbox housings. 
 
 Consequently, by the time VGO was retained, the client was already working under the 
assumption that replacement of the rotating elements of the gearboxes would be necessary. 
However, due to the long lead time of the proposed gear replacement, there were concerns the 
new gears would not be available by the start of the flood season, at which time the dam 
spillways would definitely need to be operational. Thus, VGO’s assignment was to examine the 
gears to 1) categorize the types of defects, 2) determine the potential mode of failure that could 
be caused by the defects, and 3) assess the relative level of risk for failure on each of the gears, 
such that a decision could be made about which ones needed to be rebuilt first and which ones 
could be re-used temporarily until new components became available. 
 
 
Methodology 
 
To accomplish this, VGO engineers traveled to the gear manufacturer’s facility in California and 
inspected the gears by wet fluorescent magnetic particle testing (WFMT). Because the 
manufacturer had already inspected the gears, VGO’s inspection was not intended to 
encompass the entire surface of the gears or shafts, but rather, was focused on a few of the 
areas where the manufacturer had already found cracks during their inspection. 
 
The inspection—which was being performed by the manufacturer’s technicians under VGO’s 
direction—was done utilizing the so-called “headshot” technique whereby a circular magnetic 
field is imposed in the gears via electrical current applied through the ends of the gear shafts. 
 
During their inspection, VGO engineers photographed the WFMT crack indications on the gears 
as a means of documenting them for further analysis. Subsequently, gears from three of the 
gearboxes were sent to VGO for laboratory analysis of typical defects found during the 
inspection. 
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The 12 gearboxes examined by VGO engineers at the manufacturer’s facility were comprised of 
ten herringbone-type, parallel shaft reducer gearboxes and two worm reducer gearboxes. The 
herringbone gears were carbon steel castings, while the worms from the worm reducer 
gearboxes--as well as the shafts from all gearboxes--were carbon steel wrought material. 
 
 
Results—Field Evaluation 
 
The vast majority of WFMT indications on the gears from the herringbone gearboxes were 
clearly due to casting defects--primarily shrinkage cracks and shrinkage cavities/voids. In most 
cases, the appearance of the cracks and other defects indicted no service-related growth had 
occurred; thus, since the gears had already been in service for 45 to 60 years with the 
cracks/casting defects present, in the majority of cases, they were considered to have only a 
low probability of failure. 
 
However, in a few instances, the possibility of minor service growth from the casting defects 
could not be ruled out. Thus, in these instances, a higher level of concern was indicated; 
however, in no instances were any cracks found that would suggest failure of the gears was 
imminent. 
 
Most of the indications on the herringbone gears were on the hub, in areas where the casting 
defects had been exposed by machining; however, a considerable number of indications were 
also present on the gear teeth and/or the face of the rim beneath the teeth, again, in areas 
where the defects had been exposed by machining. In a few instances, isolated linear 
indications were found in the tooth root or on the rim adjacent to a tooth root; the isolated nature 
of these indications and their presence in high stress areas suggested the possibility that some 
of these indications may have been service-related cracks rather than casting defects. 
 
Both worms exhibited WFMT crack indications on the teeth. In one case, the face of the teeth 
exhibited numerous, multi-directional crack indications suggestive of grinding cracks. In the 
other case, the top land of the teeth had a few longitudinal crack indications. None of the 
indications were suggestive of service-related cracking. 
 
A few linear indications were also found on the shafts for the herringbone gearboxes. In some 
cases, these indications were due to small cracks and/or incomplete fusion defects associated 
with previous welds in the keyways, apparently made to hold the keys in place. Although the 
cracks at these locations were quite small, in some cases they were transverse to the shaft, 
which raises concerns about the potential for service growth in the future. In other cases, the 
origin of the indications was not readily apparent during VGO’s field inspection; in particular, 
several shafts exhibited longitudinal, linear flaws. The longitudinal orientation of these flaws 
indicates they were not service-induced cracks, but rather, manufacturing- or materials-related 
flaws; as such, they were not considered to present a threat of failure. 
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Results—Laboratory Analysis 
 
Laboratory analysis of the defects on one of the cast, herringbone gears confirmed that the 
defects were original casting defects in the form of shrinkage cracks and shrinkage cavities. No 
evidence of service-related extension of the cracks was found. 
 
Laboratory analysis of a linear defect on the surface of a shaft from one of the herringbone 
gearboxes showed that the defect was an original flaw in the material, probably a non-metallic 
inclusion, elongated during rolling of the raw material and subsequently exposed during 
machining of the shaft. The flaw was only about 0.003 inch deep. No service-related growth of 
the flaw had occurred. 
 
Laboratory analysis of the flaws in the teeth on one of the worms showed that the flaws were 
shallow, only about 0.005 to 0.020 inch deep. Although the analysis did not specifically confirm 
the nature or origin of the flaws, they appeared to be grinding cracks, dating from the 
manufacturing of the gear. No evidence of service-related growth of the cracks was found. 
 
 

ANALYSIS DETAILS 
 
Herringbone-Type Parallel Shaft Reducer Gearbox Components 
 
The ten herringbone-type parallel shaft reducer gearboxes consisted of low speed, intermediate 
speed, and high speed gear/shaft assemblies (Figures 1 and 2). The low speed, intermediate 
speed, and high speed gears, which were attached to their shafts via an interference fit and 
key/keyway, were carbon steel castings. The intermediate speed and high speed pinions were 
integral to the intermediate and high speed shafts, while the low speed pinion was a separate 
component. 
 
The gears and shafts from the ten herringbone-type gearboxes had been inspected by wet 
fluorescent magnetic particle testing by the gear manufacturer prior to VGO’s involvement in the 
project, and a report on the inspection results had been issued by the manufacturer. 
 
The report was submitted to VGO engineers for review prior to their arrival on site. Although the 
appearance of the defects shown in the report was suggestive of casting-related flaws, the 
quality of the photographs was marginal, to the extent that in many instances, the type of defect 
was not discernable. During VGO’s site visit, the gear manufacturer re-inspected many of the 
locations on the gears with known cracks/defects so VGO engineers could observe the 
appearance of the indications first-hand. 
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Figure 1. Gears from Gearbox 103 

 

 
Figure 2. Gears from Gearbox 103  
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The two worm drive reducer gearboxes, consisted of a bronze worm gear (worm wheel) and a 
steel worm (Figures 3 and 4). The steel worms had been inspected by wet fluorescent magnetic 
particle testing, while the bronze worm gears had been inspected by liquid penetrant testing. 
 
During VGO’s site visit, the gear manufacturer re-inspected the steel worms by WFMT. The 
bronze worm gears were not re-inspected during VGO’s visit. 

 

 
Figure 3. Worm Drive Reducer Gearbox Components, Gearbox 63-4748 

 

 
Figure 4. Worm from Gearbox 63-4748 

 
Table 1 summarizes the results of VGO’s inspection of the gears. Most of the indications were 
clearly the result of shrinkage cracks, dating from the original manufacturing of the castings, 
with little or no evidence of service-related crack growth; as such, most of the indications were 
classified in the table as “low priority”. 
 
However, a few indications had short, straight segments in which the possibility of service 
growth could not be ruled out; in those cases, the indications were considered a higher priority 
than the indications which did not exhibit any evidence of service-related growth. In a few 
instances, the indications were aligned across the thickness of the hub, or were clustered in the 
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area of the keyway; in those instances, the indications were also considered a higher priority 
than the indications that were randomly oriented or more localized in their extent. 
 

Table 1. Summary of Gearbox Inspection 

Gearbox 
S/N 

Gear 

Other 
High 

Speed 
Intermediate 

Speed 
Low 

Speed 

101 Shrinkage cracks, 
low priority 

Shrinkage cracks; 
medium to high 

priority 

Shrinkage cracks; 
medium priority  

102 Shrinkage cracks; 
low priority 

Shrinkage cracks; 
low priority 

Shrinkage cracks; 
medium priority* 

Low speed shaft – weld 
crack/incomplete fusion; 

medium priority 

103  

Shrinkage cracks; 
medium/high 

priority 

Shrinkage cracks; 
low priority 

Pinion Input shaft– weld 
crack/incomplete fusion; 

medium priority 

105 Shrinkage cracks; 
medium priority 

Shrinkage cracks; 
medium priority 

Shrinkage cracks in 
rim and teeth; high 

priority  

106 Shrinkage cracks; 
medium priority 

Shrinkage cracks; 
low to medium 

priority 

Shrinkage cracks; 
medium priority  

108 
Shrinkage cracks; 

medium to high 
priority 

Shrinkage cracks; 
low/medium priority 

Shrinkage cracks; 
low priority 

Low speed shaft – 
unknown linear defect; 

high priority* 

132  
Shrinkage cracks; 

low priority  

Weld 
crack/incomplete 

fusion, high priority 

Low speed shaft – porosity 
in repair weld, low prioity 

133  
Shrinkage cracks; 

low priority 

Unknown linear 
defect; medium 

priority 

Pinion Input shaft – 
unknown linear defect; 

medium priority 

134  
Shrinkage cracks; 

low priority 

Shrinkage cracks; 
low to medium 

priority  

136  
Shrinkage cracks; 

low priority 

Shrinkage cracks; 
low to medium 

priority  

63-4747    

Numerous, multi-
directional cracks on teeth 

faces; high priority 

63-4748    

A few, longitudinal cracks 
on top land of teeth; 

medium priority 
 
The typical appearance of the indications observed by VGO engineers on the inspected 
gearboxes during their site visit is shown in Figures 5 through 36. 
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Following VGO’s site visit, three of the gears/shafts were submitted to VGO for laboratory 
analysis, as follows: 

• Low speed gears and shaft from gearbox 102, which had a large cluster of shrinkage 
cracks on the machined face of the hub on one of the gears 

• Low speed gears and shaft from gearbox 108, which had a 3-inch long longitudinal, 
linear defect of unknown origin on the shaft, and 

• Worm from gearbox 63-4748, which had a few, longitudinal crack indications on the top 
land of the teeth. 

 
The results of the laboratory analysis are shown in Figures 37 through 56. 
 
Figures 5 and 6 show the low speed gear from gearbox 101, as-inspected with wet fluorescent 
magnetic particle testing. The arrow in Figure 5 shows an area on the hub of the gear containing 
a cluster of cracks; a closer view of these cracks is shown in Figure 6. The cracks were 
predominately on the machined face of the hub; however, in some spots, they also extended a 
short distance out onto the non-machined surface of the casting. 
 
The multi-directional orientation and jagged, intermittent morphology of the cracks is 
characteristic of shrinkage cracks, formed when the casting was solidifying. Although a few, 
short, straight branches of the cracks were evident, the absence of significant, straight cracks in 
the cluster indicates that little or no extension of the shrinkage cracks had occurred during 
service. Although the cracks at this location did not appear to have grown in service, they were 
considered to be medium priority due to the fact that they extended through nearly the full radius 
of the hub. 

 

 
Figure 5. Gearbox 101, Low Speed Gear 
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Figure 6. WFMT Crack Indications Gearbox 101, Low Speed Gear 

 
Figures 7 and 8 show additional areas on the hub of the low speed gears from gearbox 101. 
Figure 7 shows two small shrinkage cavities on the machined hub. These two cavities were 
quite small and were likely internal to the original casting, but were exposed by the machining. 
 
Figure 8 shows a radial crack in the machined hub. The jagged, intermittent morphology of the 
crack was again indicative of a shrinkage crack, rather than a service-related crack; however, 
because of its radial alignment, it was considered to be medium priority. 
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Figure 7. Gearbox 101, Low Speed Gear 

Shrinkage Cavities/Porosity, Low Priority 
 

 
Figure 8. Gearbox 101, Low Speed Gear 

Shrinkage Crack, Medium Priority  
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Figures 9 and 10 show the high speed gears on gearbox 101. The cracks shown in Figure 10 
were again characteristic of shrinkage cracks. Although the cracks at this location were not 
particularly long, they were considered to be of somewhat greater concern than the lowest 
priority because of their proximity to the keyway. 
 

 
Figure 9. Gearbox 101, High Speed Gears 

 

 
Figure 10. Gearbox 101, High Speed Gear 
Shrinkage Cracks, Low to Medium Priority 
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Figures 11 and 12 show the high speed gears from gearbox 101. The machined face on the hub 
of one of the gears had three large shrinkage cavities, interconnected by several shrinkage 
cracks. Because the cracks were small and clearly the result of shrinkage, they were considered 
to be a low priority. 

 

 
Figure 11. Gearbox 101, High Speed Gears 

 

 
Figure 12. Gearbox 101, High Speed Gear 
Shrinkage Cavity and Cracks, Low Priority  
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Figures 13 and 14 show the low speed gears from gearbox 102. The machined face of the hub 
on one of these gears had a large cluster of shrinkage cracks. Although the cracks did not 
exhibit evidence of service-related growth, because of their extent, they were considered a 
medium priority. A closer view of the cracks shown in Figure 14 is shown in Figure 15. 
 

 

 
Figure 13. Gearbox 102, Low Speed Gear 
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Figure 14. Gearbox 102, Low Speed Gear 

Shrinkage Cracks, Medium Priority 
 

 
Figure 15. Gearbox 102, Low Speed Gear 

Shrinkage Cracks, Medium Priority 
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Figure 16 shows closer views of the shrinkage cracks in the hub of the low speed gear from 
gearbox 102. These gears were submitted to VGO for metallurgical analysis of the cracks. 
Details of the metallurgical analysis are in Figures 37 through 56. 
 
Additional defects observed during VGO’s visit are shown in Figures 17 through 36. 

 

 
Figure 16. Gearbox 102, Low Speed Gear 

Shrinkage Cracks, Low Priority 
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Figure 17. Gearbox 102, Intermediate Speed Gear 

Shrinkage Cavities and Cracks, Low Priority 
 

 
Figure 18. Gearbox 102, Intermediate Speed Gear 

Shrinkage Cavities and Cracks, Low Priority 
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Figure 19. Gearbox 103, Intermediate Speed Gear 
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Figure 20. Gearbox 103, Intermediate Speed Gear 
Shrinkage Cavity/Crack, Medium-to-High Priority 

 

 
Figure 21. Gearbox 103, Intermediate Speed Gear 
Shrinkage Cavity/Crack, Medium-to-High Priority 
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Figure 22. Gearbox 103, Intermediate Speed Gear 

 

 
Figure 23. Gearbox 103, Intermediate Speed 

Shrinkage Cracks, Medium Priority 
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Figure 24. Gearbox 103, Pinion Shaft 

 
 
 

 
Figure 25. Gearbox 103, Pinion Shaft 

Cracks in Repair Weld at End of Keyway, Medium Priority 
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Figure 26. Gearbox 105, Low Speed Gear 
Shrinkage Cavities/Cracks, Low Priority 

 

 
Figure 27. Gearbox 105, Low Speed Gear 

Shrinkage Cavity/Cracks, Low Priority 
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Figure 28. Gearbox 105, Low Speed Gear 
Shrinkage Cracks in Teeth, High Priority 

 

 
Figure 29. Gearbox 105, Low Speed Gear 
Shrinkage Cracks in Teeth, High Priority 
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Figure 30. Gearbox 106, High Speed Gear Hub 

Shrinkage Crack, Medium Priority 
 
 
Figures 31 and 32 show the low speed shaft from gearbox 108. The shaft from this gearbox 
exhibited a 3-inch long linear, crack-like indication on the surface, between the two low speed 
gears. The indication was wide open and readily visible with the unaided eye. 
 
The cause for the indication was not readily apparent during VGO’s on-site examination; hence 
it was identified by VGO engineers as a linear indication of “unknown origin” and considered to 
be high priority. 
 
This shaft was submitted to VGO for laboratory analysis of the indication. The analysis showed 
that the indication was due to a minor manufacturing flaw in the shaft dating from its 
manufacture, probably a non-metallic inclusion, exposed when the shaft was machined to size. 
The flaw was only about 0.003 inch deep and showed no evidence of service growth. The flaw 
is shown at higher magnification, as viewed in the scanning electron microscope, in Figures 55 
and 56. Given the nature of the flaw as determined by the laboratory evaluation, it was 
considered as a low priority, rather than “high priority” as estimated during the field evaluation.  
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Figure 31. Gearbox 108, Low Speed Shaft 

 

 
Figure 32. Gearbox 108 Low Speed Shaft 

Linear Indication, Unknown Origin, High Priority 
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Figures 33 and 34 show the worm from gearbox 63-4747. Two of the gearboxes examined by 
VGO were worm drive reducers, comprised of a bronze worm gear and a steel worm. The worm 
in gearbox 63-4747 had numerous, multi-directional crack indications on the outer face of two 
teeth. The appearance of the cracks was characteristic of grinding cracks, produced when the 
gear teeth were being ground. 
 
Generally, grinding cracks are relatively shallow; however, they can serve as initiation sites for 
service-related fatigue cracking and as such are considered to be of relatively high concern. In 
this instance, no evidence was observed of service-related deterioration of the teeth. 

 

 
Figure 33. Gearbox 63-4747, Worm Teeth 

Multi-Directional Grinding Cracks, High Priority 
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Figure 34. Gearbox 63-4747, Worm Teeth 

Multi-Directional Grinding Cracks, High Priority 
 
 
Figures 35 and 36 show the worm from the other worm reducer gearbox examined by VGO 
engineers, S/N 63-4748. This worm exhibited a few crack indications on the crest of the teeth. 
The cause for these cracks was not as readily apparent as the grinding cracks in worm 63-4747; 
however, they were probably a manufacturing defect, rather than a service related deterioration. 
 
The worm was submitted to VGO for laboratory analysis. Grinding into the crack indications 
revealed they were very shallow, approximately 0.005 to 0.020 inch deep. The specific cause 
for the indications was not established; however, given their relatively shallow depth, as 
established by the laboratory analysis, they were considered a low priority, rather than a 
“medium priority” as labeled during VGO’s site visit. 
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Figure 35. Gearbox 63-4748, Worm Gear Teeth 

Radial Cracks, Unknown Origin, Medium Priority 
 
 

 
Figure 36. Gearbox 63-4748, Worm Gear Teeth 

Unknown Origin, Medium Priority 
 

Figures 37 and 38 show the low speed gear from gearbox 102 submitted to VGO for laboratory 
analysis. Figure 37 shows the machined hub of the gear as-inspected by wet fluorescent 
magnetic particle testing. The dotted lines show the locations of saw cuts made through the 
gear to remove specimens for detailed evaluation. Figure 38 shows the gear after sectioning. 
 
The arrow in Figure 37 shows a shrinkage crack that was pried open in the laboratory to 
examine the morphology of the crack surface. Details of the crack surface at this location are 
shown in Figures 45 through 48. 
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Figure 37. Gearbox 102, Low Speed Gear 
Crack Indications as-revealed by WFMT 

 
 

 
Figure 38. Gearbox 102, Low Speed Gear after Sectioning 
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Figure 39 shows the cross sections removed from the low speed gear from gearbox 102. The 
two “T-shaped” sections at the bottom of the photograph show mating faces of the two pieces 
removed at the location of the section lines in Figure 37. In addition to the multiple shrinkage 
cracks visible on the machined face of the hub the gear had a large, internal casting void. 

 
 

 
Figure 39. Gearbox 102, Low Speed Gear 

 
Figures 40 and 41 show closer views of the cross sectional specimen shown at the bottom left 
in Figure 39. The cross section of the gear exhibited multiple shrinkage cracks and voids. 
 
Figure 41 shows a close-up view of the large void at the bottom left in the cross section. The 
internal walls of the void exhibited a dendritic structure, produced during the solidification of the 
casting. The void shown in Figure 41 was pried open in the laboratory so the morphology of the 
dendritic structure could be examined at higher magnification in the scanning electron 
microscope, as shown in Figures 42 through 44. 
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The arrow in Figure 40 shows a shrinkage crack at the radius transition between the hub and 
web of the gear. A metallographic specimen was removed from the gear at this location. This 
specimen is shown in Figures 49 through 54. 

 
 

 
Figure 40. Gearbox 102, Low Speed Gear 
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Figure 41. Gearbox 102, Low Speed Gear 

 
Figure 42 through 44 shows the dendritic structure within the void shown in the previous figures, 
as revealed in the scanning electron microscope. At this magnification, the “tree-like” dendritic 
structure of the material is clearly visible. The dendritic structure occurs as the molten metal in 
the casting is solidifying. Normally, if sufficient molten metal is present, the dendrites continue to 
increase in size as the casting solidifies until they merge with one another, forming a solid 
structure; however, if insufficient material is available, the dendrites “freeze” before contacting 
each other, leaving a cavity, the wall of which exhibit a dendritic structure, as shown here.  
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Figure 42. Gearbox 102, Low Speed Gear 

Dendrites in Shrinkage Cavity 
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Figure 43. Gearbox 102, Low Speed Gear--Dendrites 

 

 
Figure 44. Gearbox 102, Low Speed Gear--Dendrites  
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Figures 45 and 46 show another specimen from the hub of the low speed gear from gearbox 
102 after prying open one of the shrinkage cracks to examine the morphology of the crack 
surface. The red arrow in Figure 45 shows the machined surface of the hub at the location of 
the crack identified by the arrow in Figure 40.  
 
At low magnification, the pried-open fracture surface exhibited two distinct morphologies. That 
is, next to the machined surface, where the crack was fairly tight, the fracture exhibited a 
columnar structure, while further in, where the crack was wide open, the fracture exhibited a 
distinct dendritic structure. However, at higher magnifications, the tight portion of the crack was 
also found to exhibit a dendritic structure, clearly identifying the crack as a hot crack that 
occurred when the casting was solidifying.  

 

 
Figure 45. Gearbox 102, Low Speed Gear 

 

Hot 
crack 

Shrinkage cavity 
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Figure 46. Gearbox 102, Low Speed Gear Hot Crack 

 
 
Figures 47 and 48 show higher magnifications views of the pried-open surface of the specimen 
shown in Figures 45 and 46. Figure 47 shows the tight portion of the crack, while Figure 48 
shows the wide open portion of the crack/void. 
 
The rounded structures evident in Figure 47 are characteristic of dendrites which have filled in 
and started to fuse with the adjacent material but then fractured before becoming completely 
solidified; as such, they clearly represent a structure that formed at the time the casting was 
made, rather than a service-related deterioration. 
 
Figure 48 shows the wide open portion of the shrinkage cavity. The rounded, dendritic structure, 
while not as “tree-like” as the structures shown in Figures 42 through 44, is still typical of casting 
dendrites. 
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Figure 47. Gearbox 102, Low Speed Gear Hot Crack 

 

 
Figure 48. Gearbox 102 Low Speed Gear Shrinkage Cavity  
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Figures 49 and 50 show a metallographic specimen from the hub of the low speed gear from 
gearbox 102 at the location of the arrow in Figure 40. A cross section through the gear hub at 
this location revealed a void near the surface, with a crack extending ½ inch deep into the 
casting beneath the void. The crack exhibited a wide open, rounded morphology, characteristic 
of a shrinkage crack. 

 

 
 Figure 49. Gearbox 102, Low Speed Gear 6X    Etchant: Nital 
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 Figure 50. Gearbox 102, Low Speed Gear 18X    Etchant: Nital  
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Figures 51 and 52 show higher magnification views of the shrinkage crack in the hub of the low 
speed gear from gearbox 102. The crack had a rounded, wide-open morphology, characteristic 
of a shrinkage crack. The walls of the crack contained oxide deposits, indicating the crack had 
been open to the surface of the casting and exposed to air at the time the casting was 
solidifying. The microstructure immediately surrounding the crack was decarburized (light-
colored structure), again indicating the walls of the crack had been exposed to air at the time the 
casting was solidifying (which allowed some of the carbon in this area to burn off.)  
 

 
Figure 51. Gearbox 102, Low Speed Gear 75X    Etchant: Nital 
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 Figure 52. Gearbox 102, Low Speed Gear 250X    Etchant: Nital 
 
Figures 53 and 54 show the metallographic specimen in an area beyond the tip of the crack. 
The specimen exhibited a considerable number of small shrinkage cavities. At this location, the 
cavities were not connected to the outside surface of the casting, as shown by the absence of a 
decarburized microstructure around their perimeter. 
 
The microstructure was primarily comprised of fine pearlite and acicular ferrite and was typical 
of a heat-treated, thick-section, medium-carbon steel casting. 
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 Figure 53. Gearbox 102, Low Speed Gear 75X    Etchant: Nital 

 

 
 Figure 54. Gearbox 102, Low Speed Gear 250X    Etchant: Nital 
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Figures 55 and 56 show the surface flaw on the shaft of the low speed gear from gearbox 108 
(see Figures 31 and 32), as revealed in the scanning electron microscope. The appearance of 
the flaw in the scanning electron microscope indicated it was an imperfection in the shaft 
material, such as a non-metallic inclusion, exposed by machining when the shaft was being 
made. As oriented in the figure, the material immediately beneath the flaw was smeared, 
indicating the progression of the machining was from top to bottom in this view. The smeared 
metal beneath the flaw clearly shows that the flaw was already present when the shaft was 
being made. 
 
The flaw was only about 0.003 inch deep. No service-related extension of the flaw was found. 

 
 
 

 
Figure 55. Gearbox 108, Low Speed Shaft—Surface Flaw 
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Figure 56. Gearbox 108, Low Speed Shaft—Surface 
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