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Case study on a Filter/Dryer gearbox failure. 
 

 
Introduction- 
 
Following several failures in rapid succession, the author was asked to make an 
inspection of a compound reduction gearbox. 
 
An off site inspection was to be made of the gearbox from a Filter/Dryer from a 
Pharmaceutical manufacturing plant. 
 
The gearbox was removed from site by the clients staff and sent to an overhaul 
workshop in Wolverhampton, UK where the inspection was made to ascertain the 
causes of premature failure. 
 
Inspection- 
 
Upon receipt, the gearbox was drained of lubricant prior to stripping. 
 
The lubricant was actually in as new condition and was extremely clean. 
 
Little or no debris was flushed out with draining the oil. 
 
An attempt was made to remove the motor (previously very difficult to remove) from 
the gearbox hollow input shaft but the motor shaft was again difficult to remove and 
the attempt was abandoned. 
 
Before opening the gearbox, the end float of the output shaft was checked. 
 
This was found to be 0.036”. 
 
No design figures are available for this gearbox, but given the type of bearings (Taper 
Roller) this is quite excessive. 
 
However, on this occasion the end float of the output shaft had not contributed to the 
failure. 
 
In the longer term it certainly could have done so if left uncorrected. 
 
The second, third and fourth stages of reduction of this gearbox have Taper Roller 
Bearings with the three top bearings of the assembly being grease lubricated. 
 
The grease was clean with no wear debris present on all three bearings. 
 
The bearings were fitted with Nilos rings to prevent washing out of the grease by oil 
splashes from below. 
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All three Nilos rings were correctly fitted. 
 
The three top bearings were all found to be clean and in good condition. 
 
The shaft oil seals were in good condition. 
 
The top cover was removed from the gearbox after pulling the dowels. 
 
On this gearbox there are four dowels fitted and one was found to be snapped off half 
way down.  It appeared to have been like this for sometime. 
 
Once the top had been removed from the gearbox, it was immediately seen that there 
was a large amount of steel wear debris lying in the bottom of the gearbox. 
 
It was also immediately apparent that there were pieces of steel bearing cage lying in 
the bottom of the gearbox. 
 
Looking for the source of this showed that the inboard gearbox input shaft Deep 
Groove Ball bearing had collapsed. 
 
Around the bearing on the case was an overheated, blackened area. 
 
Presumably, this was from the failure under examination, as it should have been 
cleaned up prior to assembly the last time the gearbox was overhauled. 
 
The first reduction stage helical gear set were badly pitted on their tooth surfaces 
where wear debris has been continually trapped between the meshing teeth. 
 
Although some of the pitting was clearly new to this failure, a lot of the damage 
appeared to be from previous failures. 
 
There is an area of overheating on the input shaft adjacent to the input gear teeth. 
 
This would appear to be due to previous attempts to remove the motor shaft at 
previous failures. 
 
It is known that heat was applied in this area during other overhauls. 
 
Stripdown of the gearbox proceeded in order to further inspect the gearbox and to 
remove the motor shaft from the gearbox input shaft. 
 
The 2nd, 3rd and 4th reduction stages were removed and were found to be in reasonable 
condition, suitable for re-use. 
 
Despite the gearbox having a good deal of wear debris present in the bottom, the 
lower Taper Roller bearings were in good condition with almost no damage being 
present from the wear debris. 
 



Stephen H Shakeshaft Consulting Ltd. 
 

75 Mere Bank Davenham Northwich Cheshire CW9 8NB. 
Tel-  01606 331558  Mobile-  07779 190087  Email-  steve@shs-consulting.co.uk 

Stephen H Shakeshaft Consulting Ltd.  Co. Reg. No. 5128491  England and Wales.  
Registered Office: 75 Mere Bank Davenham Northwich Cheshire CW9 8NB. 

3 

 
On the face of it that is surprising, but given the small number of hours run and the 
relatively low current reportedly being drawn by the motor, perhaps it isn’t so 
surprising. 
 
It is estimated that the motor and gearbox was only run at light load about 80 hours to 
this failure. 
 
As had been reported to be the case during previous repairs, it was extremely difficult 
to withdraw the motor shaft from the gearbox input shaft. 
 
Considering the very low number of hours operated by this unit that is worrying.   
 
Fortunately, during the last repair, the input shaft had been drilled to allow the motor 
shaft to be jacked out from inside the gearbox.  
 
However, the reaction force from the jack was tending to push the sides of the 
gearbox outwards without removing the shaft and there was a real danger of 
damaging the gearbox permanently by doing this. 
 
The motor shaft unfortunately had to be burned off with an Oxy Acetylene burner.   
 
The then separated motor was therefore retuned to site for onward shipment by the 
client for repair and re-certification as it was an Ex motor. 
 
The shaft end was finally pressed out on a hydraulic press. 
 
Both the shaft end and the bore of the hollow input shaft were heavily oxidised. 
 
Some galling had occurred on pressing the shaft out. 
 
Once the gearbox hollow input shaft had been cleaned and polished it was suitable for 
reuse.   
 
The bore was serviceable and measured 70.00mm exactly with no tapering. 
 
Observations- 
 
The worrying aspect of this is when you study this failure and the actual construction 
of the motor to gearbox interface. 
 
In order to facilitate a compact design, the gearbox input shaft is hollow. 
 
The motor shaft is inserted and keyed to the gearbox input shaft. 
 
The drive from the motor is purely a rotary action and as such there is no capacity 
within the gearbox input shaft assembly to accommodate anything other than the 
slightest of axial thrust loading presented by the first reduction stage. 
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The input shaft inner bearing is therefore a Single Row Deep Groove Ball bearing.   
 
This is perfectly adequate design unless something in the assembly of the motor to the 
gearbox results in axial loading on this bearing. 
 
The motor shaft should be a sliding fit into the gearbox hollow input shaft, such that 
when the motor and gearbox are assembled, there is virtually axial load transmitted to 
the inner input shaft bearing. 
 
Unless the motor shaft is a free sliding fit in the gearbox input shaft bore, assembly of 
the two and bolting them up can preload the inner gearbox input shaft bearing. 
 
It has been stated by the client staff that this was the case, the assembly was 
apparently fine. 
 
One feature of this motor/gearbox design is that there are three bearings inline within 
a very short distance. 
 
The motor drive end bearing, the gearbox input shaft inner bearing and the outer 
bearing. 
 
Such an arrangement is very unforgiving of the slightest misalignment or 
displacement from perfectly true. 
 
Mode of Failure- 
 
Considering the low number of hours run by the motor/gearbox unit following its last 
repair, it is difficult to avoid the conclusion that either the motor shaft to gearbox 
input shaft bore relationship or the assembly technique has something to do with this 
failure. 
 
The sole failure within the gearbox was in fact the gearbox input shaft inner bearing.   
 
Examining the assembly and the design it is difficult to see how any radial 
overloading could occur. 
 
The failure mode suggests axial overloading during the short life of the gearbox. 
 
Axial overloading would then cause premature fatigue of the balls in the bearing, 
followed by damage to the races and finally catastrophic damage to the bearing cage. 
 
When examined, the outer bearing race clearly shows a heavily fatigued area, about 
90 to 100 degrees of the outer races circumference. 
 
The fatigued area is axially offset demonstrating axial loading beyond the capacity of 
the bearing. 
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It is unusual for such heavy fatigue to occur in such a short period of time. 
 
The fact that the fatigued area is not continuous around the circumference of the outer 
race also strongly suggests that the motor and gearbox input shaft have not been in 
true alignment. 
 
On the face of it, how this can be so is uncertain since the motor is bolted directly to 
the gearbox. 
 
Further evidence of misalignment is the heavily oxidised motor shaft and the gearbox 
input shaft bore. 
 
It would appear that the rubbing that is evident between the shaft and bore is due to a 
relative movement between the two parts caused by a misalignment in the assembly.   
 
Furthermore, as the shaft and bore rub whilst turning, this in itself could be the 
mechanism for the axial load being seen on the inner input shaft bearing. 
 
Consider that there are three bearings in line within a length of approximately 
300mm. 
 
The motor drive end bearing, the gearbox inner bearing and the gearbox input shaft 
outer bearing.  If any misalignment or relative movement is caused between the motor 
and the gearbox input shaft it will cause very high local loading on one of the 
bearings, most likely the centre bearing. 
 
This is where the failure has occurred. 
 
Such a failure mode would have the following characteristics which are evident on 
this failure- 
 

�  There is (I believe) a small misalignment between the motor and gearbox 
�  The assembly is very stiff with no capacity to absorb misalignment or 

deflection 
�  The shaft to bore fit was easy enough to assemble 
�  Relative movement between the shaft and the bore at each revolution will 

cause fretting, producing a lot of very fine wear debris which then oxidises 
and increases in volume 

�  Oxidation of the wear debris is rapid due to the fine particle size giving a large 
surface area 

�  The increased volume of the wear debris particles starts to make the shaft a 
tight fit in the bore 

�  This increases the stress transferred from the motor to the bore due to the 
reduction in clearance between shaft and bore as a result of the wear debris 
oxidation 
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�  This transfers load to the centre bearing and the shaft to bore movement 

becomes progressively more stiff due to build up and oxidation of the wear 
debris 

�  As this happens the bearing is overloaded and fatigues the race in an area 
defined by the resulting misalignment forces 

�  After failure of the shaft in the bore it is almost impossible to disassemble due 
to the build up of oxide produced during the rubbing phase of the failure, 
effectively creating a very heavy interference fit 

�  Apart from the cause of misalignment not being presently evident the 
hypothesis of this failure mode stands up to scrutiny well 

 
Conclusions- 
  
The failure of the gearbox was a single row deep groove ball bearing which was 
overloaded by a small misalignment between the drive motor and the gearbox input 
shaft. 
 
The force applied to the bearing was due to a once per revolution rubbing between the 
input shaft bore and the motor shaft causing wear debris to be produced in the 
clearance between the two parts. 
 
The wear debris has oxidised and increased in volume thus causing the clearance 
between the shaft and bore to be taken up completely and producing an effective 
interference fit. 
 
In turn this has concentrated the stress of the misalignment into the centre of three 
bearings assembled together over a very short but stiff length**. 
 
Thus the resulting misalignment induced stress is concentrated into the outer in inner 
races of the bearing causing rapid fatigue, failure of the races and balls and 
destruction of the bearing cage. 
 
The source of misalignment or deflection is uncertain but must be eliminated if the 
reliability of the assembly is to be assured. 
 
It is clear that axial overloading of the bearing that failed was not caused by preload 
during bolting up the motor to the gearbox. 
 
**NOTE-   In some designs the motor drive end bearing is omitted in order to avoid 
this type of situation which is very unforgiving of assembly or alignment errors. 
 
Post report note- 
 
Following this off site investigation it was determined by checks made during erection 
at site that there was indeed distortion in the transition piece that fits directly between 
the motor and the gearbox connecting the two parts together. 
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It was found that there was between 0.1 and 0.15mm misalignment across the 
transition piece and this was ultimately the cause of the failures. 
 
It is thought that the cause of the distorted transition piece is overloading in a 
hydraulic press during previous repairs but this a cannot be conclusively proven. 
 
Subsequent experience over the next 2 years showed no further breakdowns of this 
gearbox. 
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Appendix.  See enclosed photographs and comments below- 
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View looking up into the input shaft inboard bearing, which has collapsed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Inboard bearing has collapsed, with a 
black overheated area around it on the 
gearbox casing. 

Pieces of broken bearing cage can be 
seen on the gearbox casing having 
been cleared out of the bottom of the 
gearbox. 
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View looking across the input shaft pinions which are pitted on the teeth, broken 
cage pieces are on the casing. 

 
 
 
 

Black overheated area on the hollow 
gearbox input shaft.  Thought to be 
from heating in attempts to remove 
the motor shaft from its bore. 

Bearings and gears generally in good 
condition except for the hollow 
gearbox input shaft. 

Difficult to see here, but these gear 
teeth are badly pitted.  Bits of broken 
bearing cage can be seen above. 



Stephen H Shakeshaft Consulting Ltd. 
 

75 Mere Bank Davenham Northwich Cheshire CW9 8NB. 
Tel-  01606 331558  Mobile-  07779 190087  Email-  steve@shs-consulting.co.uk 

Stephen H Shakeshaft Consulting Ltd.  Co. Reg. No. 5128491  England and Wales.  
Registered Office: 75 Mere Bank Davenham Northwich Cheshire CW9 8NB. 

10 

 

 
 

Gearbox Input Shaft showing oxidised bore. 
 
 
 
 
 

Hollow gearbox input shaft.  The 
motor shaft fits in here.  The bore can 
be seen to be rubbed and badly 
oxidised.  The build up of oxidised 
wear debris meant that the motor shaft 
was impossible to remove after ~80 
hours running despite being easy to 
push together on initial assembly. 
 
This damage was eventually found to 
be caused by misalignment on the 
distance piece that fitted between the 
motor and the gearbox. 
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Input shaft inner bearing, fatigued over a segment of the outer race approx 90 to 

100 degrees.  Fatigue wear track is axially displaced. 
 
 
 
 

Bearing has completely collapsed.  
Difficult to see here, but there is very 
heavy fatigue spalling to the bearing 
races.  This damage was caused by 
high stresses raised as a result of 
misalignment.  The bearing had run 
for ~80 hours on a lightly loaded 
machine.  The offset wear track over 
part of the circumference clearly 
demonstrates misalignment as a root 
cause of failure. 
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End of motor shaft that had to be cut off to remove the gearbox input shaft.  
Shows heavily fretted and oxidised surface. 
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Gearbox input shaft after cleaning and checking, ready to re-install. 


