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1. Introduction 
Because of the miscellaneous purposes there 

are manifold variants for the transmission of rota-
tional torque from shaft to hub. On the account of 
its cost-effective manufacturing and the possibility 
of assembling and disassembling the feathered key 
shaft hub connection is still a very popular way to 
transmit torque. Although the feathered key shaft 
hub connection seems to be well known and simple 
in design. But the experience shows that different 
locations and different mechanisms of failure com-
plicate the evaluation of fatigue strength and cause 
major uncertainties in engineering design. 

2. Methods 
The design of feathered shaft hub connections 

are used to be done due to two criterions. On the 
one hand there is the fatigue strength of the shaft or 
hub [1] and on the other hand there is the maxi-
mum permissible contact pressure at the keyway 
walls [2]. The investigated feathered key shaft hub 
connection with the boundary conditions is shown 
in Fig. 1. 

 
Fig. 1. Boundary conditions at feathered key shaft hub 

connections 

Nevertheless, different investigations [3; 4, 5; 
6] reveal that the reasons for real life failures 
seems to be more complex. Plastic deformation of 
the keyway may cause loss of function and system 
errors. This failure criterion can be observed by 

shafts with low yield stresses [7] or thin-walled 
aluminum hubs.  

The experimental results were carried out on a 
servo hydraulic torque test station which is shown 
in Fig. 2. The determination of the test frequency 
was 20 Hz. The torque set the feathered key shaft 
hub connection under load and was transmitted via 
a metal bellow coupling. This prevented the con-
nection from lateral forces. 

 
Fig. 2. Servo hydraulic torque test station 

3. Results 
The study was based in extensive experimental 

and numerical investigations. The results are ex-
emplary represented on a typical Q & T steel (C45, 
1.0503, tensile strength 650 MPa). The fracture of 
the shaft or the hub was the observed system fail-
ure. The fracture of the hub occurred only at cast 
iron hubs and will not be object of research in this 
paper. This paper focuses on cracks in shafts. The 
torsion fracture of a shaft is well known. The 
torque and the different torsional stiffnesses of the 
components (shaft, hub and key) leads to a maxi-
mum stress in the rounding of the keyway at the 
load-bearing side. Due to the maximum principal 
stress the crack is initiated. The tensile opening 
(mode I) occurs and the fracture is propagated in a 
45° angle to the shaft axis. Other cracks e.g. from 
the contact between shaft and hub occurred but 
they will never reach a critical state or may cause 
failure of the system (see Fig. 3).  
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Fig. 3. Cracks in feathered key shaft hub connections 

with crack initiation at keyway top (critical) 
and press fit  

The next experiments were done at a lesser load 
level that does never occur a fracture which was 
initiated at the top of the keyway. A fracture oc-
curred and led to system failures. An investigation 
reveals that the crack was initiated in the keyway 
ground fillet (Fig. 4).  

 
Fig. 4. Cracks in feathered key shaft hub connections 

with crack initiation at keyway ground (termed 
rest lines yellow) 

The keyway ground fillet is an area of no con-
tact, which leads to a non-fretting fatigue problem.   
In feathered key shaft hub connections system 
errors can be vary from different loads and cycle 
numbers (<10 mill.). The experimental results will 
be prepared and compared with numerical results. 
The investigation will be extend on materials with 
higher strength and it will be shown that the notch 
effect is more increasing with the tensile strength 
of the shafts than known in standards [1]. It means 

in effect that the benefit of high-strength steels will 
not benefit the level of fatigue strength feathered 
shaft hub connections. 

4. Remarks 
• The fatigue strength of feathered key shaft hub 

connections is low is in comparison to the ma-
terial strength.  

• The crack initiation point vary with load and 
cycle number and not all initiated cracks will 
became critical. 

• Increasing tensile strength does not increase 
the fatigue life of feathered key shaft hub con-
nections 
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