Yaesu G-400RC Rotor Failure Analysis
Findings Upon Disassembly 

The rotor unit that failed to function during the Sept. VHF contest was disassembled and confirmed that motor would not turn freely by hand turning. Motor would turn, but required abnormal force. There was some noticeable play between the motor pinion gear and the #1 reduction gear it meshed with. There was also some movement between #1 gear and  #2 gear. However, #3 gear appeared to be rigid and would not move. The #3 and #5 parallel differential gears also looked to be “cockeyed” and not aligned properly.
A screw driver was engaged with the #3 differential gear to try turning the cluster. The gears turned with great difficulty for the first half inch or so of movement, then broke “free” (as did the rest of the gear cluster),  and turned very easily.  #3 & #5 gear alignment then appeared to be normal. 
Closer inspection to the grease filled area between the #3 & #5 gears revealed a small chunk of metal embedded in the grease. Because #3 & # 5 gears turn at different speeds, the metal would have been “rolled” in between the gear surfaces until it wedged and locked them up. 
The metal piece was removed, cleaned, and inspected to determine a source point from within the rotor. It was concluded that this was the cause of rotor failure.
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Photo #1

In photo #2,  the cleaned piece of metal was placed back between the gears to demonstrate how it was positioned when discovered.   Now to find out where it came from………
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Photo #2 

Source of Shrapnel  

All of the gears, including the ring gear in the upper housing, were inspected to see it any were missing any teeth.  But it was determined by it’s light weight and non-magnetic property that the metal “shrapnel” was aluminum, and not hard steel as would be the case with any of the gear cluster parts.  

So then the ring gear aluminum retainer fingers, and upper aluminum housing were inspected as a possible source of the shrapnel piece. Nothing appeared broken and no evidence was visible where this may have come from.
The gear cluster and motor are mounted to a round steel plate that divides the upper and lower housing areas. Part of the motor assembly extends into the lower cavity. 

There are some holes and slots in the plate that allowed limited inspection of the lower aluminum housing cavity with a flashlight without the need to further disassemble. Inspection of the lower cavity exposed that 2 of the 4 metric bolt holes used to mount the rotor to a tower plate or mast clamp are drilled completed through into the cavity with no obstructions. However, the other 2 bolt holes are partially drilled into casted aluminum ribs designed into the bottom housing base.  

It was were the bolt hole met one of the ribs that a piece of aluminum was clearly broken off from one the one ribs. The other rib was not fractured, but inspection down through that bolt hole clearly showed where a bolt had been “bottomed out” against the rib and had chewed a flat spot on the rib surface area. 
By comparing the outline area were metal was missing in the broken rib to the piece of metal pulled from the gear cluster, it was determined that the aluminum shrapnel had come from the broken rib in the bottom half of the housing.

Cause of Broken Aluminum 

It is very obvious after observing both the top and bottom housing casting designs that close attention must be paid to the length of the Metric bolts penetrating the housing threaded areas in this rotor design. 

All 4 bolt holes on the top are threaded about 16mm (5/8”) deep before they bottom out into a “well” area. You can see this in Photo #3 where the exposed top housing and one of these casted bolt “wells” can be seen in the upper right corner of the photo.
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Photo #3
These bolt “wells” are by design to prevent water from entering the top housing area through the bolt holes. However, tightening  down a bolt (and flat washer, lock washer combination)  longer than 
specified when securing the mast clamp assembly can fracture these bolt “wells’ and drop aluminum material directly into the gear cluster. 

By the same token, using bolts too long when fastening the bottom housing to a tower mounting plate can result in 2 of the bolts fracturing the aluminum ribs (previously mentioned) and breaking off aluminum material. 
Normally, any aluminum broken off in the lower housing (as was the case in this study) would stay in the lower half and isolated from the gear cluster as long as the rotor was maintained in an upright position. 
But in this case,  this particular rotor is left mounted in the tower adapter and is either transported on its side in the trailer, or occasionally stood on it’s head when the tower adapter is stood upright. This would have allowed the metal chunk to enter the upper housing area and became lodged in the gear grease.
Conclusion and Recommendation

When the 2  “400 series” rotors were re-mounted into the upper tower supports back in June some newly purchased (not Yaesu) metric bolts and washers were used. While the new #8 Metric bolts appeared to be “close” to the correct length, it was not confirmed that the combination of bolt, lock washer, and flat washer assured proper clearance to bottom of bolt holes when tightened down.

Yaesu specifies that the smaller bolts be 16mm in length.  Because the tower mounting plate is significantly thinner than the rotor mast clamp on top, particular attention should be paid to assuring that the mounting bolts do not “bottom out” against the internal aluminum ribs inside the lower housing. 
All of the W4NH Yaesu rotors that are mounted on tower mount plates should immediately be inspected (looking in the bolt holes) to assure that the internal ribs in the bottom housing and the top housing bolt “wells” have not been fractured by the use of over-length bolts. This would include the 6 meter antenna rotor and the 2 rotors used on the 432 and microwave towers. 
In addition, the bolt and washer combinations used to secure the rotors to the tower plates, and those used to secure the mast clamps to the tops of the rotors, should be confirmed to be the correct length. 
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