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Abstract: The paper presents finite element analysis of fracture behavior of the shaft demining tiller tool. On the 
costumer request tiller shaft was made from non-alloy structural steels. Transient elastic plastic me-
chanical analysis and Low cyclic fatigue (LCF) analysis was performed for shaft with high strength 
steel and non-alloy structural steels. Assessed critical locations are prevented form cracking by adapting 
design. Optimized design of tiller shaft fulfills required lifetime and brings significant lower price and 
simpler production. 
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1. Introduction 
Mechanical demining makes use of vehicles with devices such as tillers, flails and rollers. New tiller 
shaft was developed for Dok-ings demining robotic systems. In developing process of new tiller shaft 
LCF is recognized like main mechanism of failure. Present study describes elastic plastic transient me-
chanical analysis and LCF assessment of the demining tool tiller. 

2. FE and LCF analysis 
Tiller shaft is powered by hydraulic motor with speed 300 rpm. 58 blades are assembled on the shaft in 
spiral order in 6 rows (Fig. 1.). During operation each blade hits to ground which cause high stress area 
in blade root. This periodic impulse loading is main mechanism for crack initiations. 

  

Fig. 1. Dok-ings demining robotic systems with tiller tool 

The elastic plastic transient mechanical finite element simulation of three cycles was performed for the 
three design cases: 

1. Case 1. – original (first) design with high strength steel (W.Nr. 1.8928) 
2. Case 2. – original (first) design with non-alloy structural steels (W.Nr. 1.0553) 
3. Case 3. – new optimized design with non-alloy structural steels (W.Nr. 1.0553). 
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Ramberg –Osgood model of material was used for both material in simulation [1]. In next step LCF 
assessment was performed, based on elastic plastic three cycles simulation results [2]. LCF assessment 
take in a count elastic and plastic component of strain and predict number of cycles compare maximal 
strain range with Coffin – Manson – Basquin fatigue strain – life model. 
In Fig. 2. are shown: 

a) stress distribution [3] for the worst time point for 3 cases 
b) number of operating hours up to crack initiation 

Basic design fulfill specified requirements of 7000 operating hours. Case 2. - original (first) design with 
non-alloy structural steels [4] shows first crack initiations after 6 working hours. Case 3. - new optimized 
design with non-alloy structural steels meets all requirements. 
 

 

Fig. 2. Stress distribution and operating hours up to crack initiation 

3. Conclusions 
Damage mechanism of tiller shaft is analyzed with elastic plastic transient mechanical and LCF simu-
lation. Simulations show that is possible to achieve required life time with non-alloy structural steels. 
Optimized design of tiller shaft also brings significant lower price and simpler production. 
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