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The lower threaded rod is shown in Figure 7.  Figure 8 shows that the bronze threads of the left-
side flanged collar have been sheared off and remain in the threads of the steel rod.  Figure 9 
shows that the right-side flanged collar has broken.  The flange is broken away from the rest of 
the collar.  The threads that had been inboard of the flange have been shear off and remain in the 
mating threads of the steel rod.  The threads of the remainder of the collar are still intact and that 
portion of the collar turns freely on the steel threaded rod.  The flanged collar that had been 
attached to the bottom of left side yoke (based on site photographs) is shown in Figures 10 and 
11.  All the threads have been sheared from this collar and the collar has a crack on a radial-axial 
plane through one of the bolt holes. 
 
A scene photograph reproduced as Figure 12 shows that the threaded rods remained with the 
right-side yoke.  The scene photographs reproduced as Figures 13 and 14 show that the left-side 
yoke has separated from the threaded rod and struck an automobile. 
 
As shown in the image of the harden steel insert in the yoke of Figure 15, the clamping surface 
between the vessel and door flanges and the yoke surface is sloped at approximately 20 degrees 
from the plane of the door.  This results in part of the outward explosion force on the door being 
directed radially outward against the yokes and part of that load is carried by the flanged collars 
on the threaded rods. 
 
The threads were sheared from the left side flanged collar by a force pushing the flanged collars 
on the yoke to the left.  This is consistent with an outward force on the yoke from the explosion 
having caused the failure at this location.  However, the failure of the flanged collars on the 
right-side were caused by outward force (to the right) attempting to pull the collars from the 
yoke.   
 
Examination of evidence at the ATF Los Angeles facility showed that the vertical columns of the 
vessel support structure had been bent severely outward by impact from the yokes as they 
travelled laterally away from the door.  This is indicated by the red arrows on Figure 16.  The 
corresponding impact witness marks on the yokes are shown in Figures 17 and 18.    
 
When the flanged collars on the left side yoke failed, the left-side yoke began traveling to the left 
off the threaded rods and the right-side yoke began traveling to the right with the threaded rods 
attached.  When the right-side yoke struck the support structure column on the right, the yoke 
was slowed down while the momentum of the threaded rod acted to keep the rods moving to the 
right.  This created the load on the flanged collars that broke collars away from the flanges and 
sheared the threads under the flanges.  
 
The point of this is that the fracture and failure of the right-side flanged collars was secondary 
and a consequence of the primary failure of the left-side flanged collars.  The failure of the 
flanged collars on the left-side was what allowed the door to separate from the vessel. 
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For this reason, the microscopic laboratory exam was focused of the left side failures.  Since the 
failures of the top and bottom left-side flanged collars were virtually identical (the threads were 
entirely sheared off and the collars fractured longitudinally through a bolt hole) only one flanged 
collar was subjected to destructive examination. 
 
The top left-side flanged collar is shown in Figure 19.  It was sectioned to facilitate direct 
examination of the longitudinal fracture and to obtain a section through the sheared threads for 
metallographic examination as shown in Figure 20. 
 
The fracture surfaces indicated by the yellow arrows on Figure 20 are shown in the stereo 
microscope images of Figure 21.  The fracture appears to be a onetime overload fracture starting 
at the bolt hole in the flange.  The black arrows show the fracture propagation direction. 
 
The fracture was examined with the scanning electron microscope (SEM).  SEM images 
obtained at Location 2, 5, and 4 (on Figure 21) are shown in Figures 22 through 33.  These 
images show a mostly brittle, onetime overload fracture morphology.  This confirms that the 
fracture occurred as a onetime, rapid event and that there was no prior slow crack growth. 
 
It was noted that the collars of the broken flanged collars on the right-side still rotated smoothly 
on the threaded rods.  To remove one of these collars and to facilitate cleaning of the threaded 
rod, a section was cut from the bottom threaded rod as shown in Figure 34. 
 
The removed section of the bottom threaded rod after degreasing is shown in Figure 35.  The 
sheared off collar threads are visible.  The distance between where the threads were sheared off 
is consistent with the yokes having been in the fully closed position when this occurred.   The 
threads which sheared off the left-side flanged collar are shown in Figures 36 and 37.  The 
threads which had sheared off from the flange on the right-side are shown in Figures 38 and 39.  
This type of shear failure of entire threads does not occur slowly over time; it occurs as a rapid 
onetime event.  The longitudinal break in the threads visible in Figure 37 shows that the 
longitudinal cracking of the collar occurred slightly before the threads were completely sheared 
off. 
 
The threads of the collars were highly loaded at the time of this incident.  The first threads to fail 
were on the left-side.  As the threads of the collar began to shear over the stronger rod threads a 
hoop stress was created in the collar which fractured the collar longitudinally starting at a bolt 
hole. 
 
The portion of the right-side collar that had remained intact is shown in Figures 40 and 41after 
removal from the threaded rod.  The threads are in good condition and undamaged.  This shows 
that the threads of the bronze collars had not worn down in service prior to the subject incident. 
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A section on a radial-axial plane was cut at the location indicated by the dashed red line on 
Figure 40 for metallographic examination.  This section after mounting, polishing, and etching is 
shown in Figure 42.  The thread profile shows no indication of significant wear.  Higher 
magnification images in Figures 43 and 44 show typical microstructure for C954 cast aluminum 
bronze.  
 
A section on the radial-axial plane indicated by the red X on Figure 20 was cut for 
metallographic examination of the sheared threads.  This section after mounting, polishing, and 
etching is shown in Figure 45.  Higher magnification images in Figures 46 and 47 show the 
tearing and shearing of the threads.  The general microstructure of this collar is shown in Figures 
48 and 49 and is also typical microstructure for C954 cast aluminum bronze.  
 
A radial-axial section through the steel threaded rod after mounting, polishing, and etching is 
shown in Figure 50.  The higher magnification images in Figures 51 and 52 show typical 
microstructure for quenched and tempered alloy steel.  
 
Samples of a collar and a threaded rod were submitted for chemical analysis.  The certified 
laboratory test report with the results is included as Appendix I. The analysis shows that the 
collar is type C954 aluminum bronze and that the rod is 4140 alloy steel.   
 
Microhardness testing showed the collars to be an average of  Knoop 187 and the steel rod to be 
an average of Knoop 336.  The steel strength is  approximately 160 ksi which is about double the 
strength of the bronze.   
 
These chemistries and strengths are typical of bronze and steel used for this type of threaded 
drive in which sliding friction is a major concern. 
 
As mentioned above, I traveled to Los Angeles to examine damage to the threaded rods on 
another LAPD TCV.  Photographs of this vessel by others are reproduced as Figures 53 and 54 
with the door closed and opened, respectively.  The yokes and rods had been removed as shown 
in Figure 55.  After significant effort, a rod was removed as shown in Figure 56 to allow 
examination of the internal threads of a collar to determine the amount of wear. 
 
The damage to the threads of the steel rod is shown in Figures 57 and 58 (red arrows).  This is 
galling type of damage caused by lubrication failure.  It occurs when surfaces of metals that have 
a high coefficient of friction slide across each other under high load. 
 
When the collar (see Figure 59) was removed it was determined that the collar was steel, not 
bronze as was the incident collar.  Steel on steel is not a good combination for a rod and collar of 
a threaded drive.  The coefficient of friction if lubrication breaks down is very high and galling 
can occur. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 11 
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FIGURE 12 
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FIGURE 13 
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FIGURE 15 
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FIGURE 17 
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FIGURE 18 
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FIGURE 19 
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FIGURE 22 
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FIGURE 23 
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FIGURE 24 
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FIGURE 25 
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FIGURE 26 



CRAIG CLAUSER ENGINEERING CONSULTING, INC.  
 

Mr. , Special Agent/ CFI 
NRT 21-11 Los Angeles, CA - TCV Failure Analysis 
Page 32 of 67 
 
            

 
FIGURE 27 



CRAIG CLAUSER ENGINEERING CONSULTING, INC.  
 

Mr. , Special Agent/ CFI 
NRT 21-11 Los Angeles, CA - TCV Failure Analysis 
Page 33 of 67 
 
            

 
FIGURE 28 
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FIGURE 29 
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FIGURE 30 
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FIGURE 31 
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FIGURE 32 
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FIGURE 33 
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FIGURE 34 
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FIGURE 36 
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FIGURE 37 
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FIGURE 38 
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FIGURE 39 
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FIGURE 41 
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FIGURE 42 
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FIGURE 43 
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FIGURE 44 
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FIGURE 45 
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FIGURE 46 
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FIGURE 47 
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FIGURE 48 
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FIGURE 49 
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FIGURE 50 
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FIGURE 51 
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FIGURE 53 
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FIGURE 55 
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FIGURE 56 
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FIGURE 59 
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