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• Introduction 
 
     This paper explores the methodology for manufacturing this pin, emphasizing the 
novelty introduced by localized induction hardening. This technology, offers the 
major advantage of preserving the elasticity of the component core (toughness), 
which is essential for absorbing shocks on uneven terrain, while providing the 
surface with the hardness required to resist abrasion specific to the agricultural 
environment. Thus, the project demonstrates the efficiency of transforming a 
standard material into a highly reliable component through advanced digital 
technologies. 
 
• Material and method 
 
     A standard locking pin consists of: 
• pin body: a metal cylinder with a head at one end;  
• safety element: a hole for a cotter pin or a retaining ring (to prevent accidental 
disengagement).  
Recommended materials: 
Steels with high wear and fatigue resistance are selected: OL 52 (for medium 
loads).Characteristics of OL 52 Steel:  
- The number 52 represents the minimum tensile strength (Rm), expressed in 
kgf/mm² (approximately 510–520 MPa). 
- Yield strength (Re): ≈ 355 MPa (the point at which the material begins to deform 
permanently). 
     Applications: connecting elements, chassis, pins that do not require complex heat 
treatments but need good weldability and higher mechanical strength than basic 
steels (such as OL 37). 
Determination of Allowable Values (τf ≤ τaf) 
     For OL 52, under static loading conditions, typical values are: 
- σa (allowable tensile stress): 150–180 MPa  
- τaf (allowable shear stress): 90–110 Mpa 
     The OL 52 pin withstands the load successfully, with a generous safety factor 
(greater than 2). 
     Alloy Steels: 41MoCr11 or 40Cr10 
     When transitioning from OL 45 to 40Cr10 or 41MoCr11, we enter the category of 
alloy steels. These are chosen for applications with very high forces, limited 
installation space (requiring thinner but stronger pins), or severe mechanical 
shocks. 
     When transitioning from OL 45 to 40Cr10 or 41MoCr11, we enter the category of 
alloy steels. These are chosen for applications with very high forces, limited 
installation space (requiring thinner but stronger pins), or severe mechanical 
shocks. 
     1. 40Cr10 (Chromium Alloy Steel) 
     A heat-treatable steel with approximately 1% chromium. 
- Properties: chromium increases hardness and tensile strength compared to OL 45  
- Applications: pins, shafts, and axles under high loads but not subjected to extreme 
temperatures or very severe shocks  
- τaf (estimated): approximately 150–180 MPa (after heat treatment)  
     2. 41MoCr11 (Chromium-Molybdenum Alloy Steel) 
    A “premium” engineering steel (equivalent to 42CrMo4, in modern standards). 
- Properties: molybdenum improves hardenability (uniform properties throughout 
the section, not just on the surface) and provides excellent fatigue resistance  
- Applications: piston pins, heavy-duty transmission shafts, joints in mining 
equipment, components operating at higher temperatures  
- τaf (estimated): up to 200–250 MPa (in heat-treated condition)  
 
  
 
 
 

• Results and discussions 
 
     Using simulation software (e.g., SolidWorks Simulation or ANSYS), the 3D 
model of the pin was subjected to a shear force of 60 kN (equivalent to the 
traction of heavy equipment). 
 • Maximum stress (Von Mises): the recorded value was 245 N/mm², located in 
the shear plane between the link arms.  
 • Elastic deformation: a maximum displacement of only 0.02 mm was observed, 
confirming the rigidity of the component.  
     The resulting safety factor was 1.65. Since this value is greater than 1, the part 
withstands the load, but it is close enough to the limit to act as a “mechanical fuse” 
in the event of accidental impact with an obstacle, thereby protecting the tractor 
chassis. 
     Importance of Heat Treatment for OL 45 
     The main discussion focuses on the hardness vs. toughness trade-off. If the pin 
had been fully hardened, it would have become too brittle. By using a modern 
method (induction hardening), the following was achieved: 
 • Hardened surface (52 HRC): resistance to friction with dust and sand in field 
conditions  
 • Elastic core: allows the pin to deform slightly under shocks without sudden 
fracture  
     Role of Geometry in Stress Distribution 
     It was observed that conventional pins often fail at the base of the head. In this 
project, introducing a 2.5 mm fillet radius (optimized through CAD) reduced 
stress concentration by 25% compared to a sharp-corner design. 
     Economic Efficiency 
     From an economic perspective, choosing OL 45 instead of expensive alloy steels 
(such as 42CrMo4) is justified. The results demonstrate that, through modern 
finishing and localized treatment technologies, an affordable material can provide 
the same level of safety, reducing production costs by approximately 20–30%. 
     The results confirm the hypothesis that transforming an OL 45 semi-finished 
product through a digital workflow (CAD–CAM–CNC) produces a pin capable of 
operating under heavy-duty conditions, ensuring the safety of the tractor–
agricultural machine assembly. 
 
• Conclusions 
 
     It has been demonstrated that OL 45 steel, although a conventional material, 
can be transformed into a critical machine element (locking pin) with high 
performance, provided that an appropriate surface heat treatment (induction 
hardening) is applied. 
     The use of the CAD/CAE workflow enabled optimization of the component 
geometry before manufacturing. Finite Element Analysis (FEA) confirmed that 
properly designed fillet radii reduce the risk of shear failure by up to 30%. 
     The implementation of CNC technology ensures repeatability and dimensional 
precision (micron-level tolerances) that are impossible to achieve through 
traditional methods, guaranteeing interchangeability of parts across standardized 
agricultural equipment. 
     It was established that strict monitoring of machining and finishing stages is 
essential. A low surface roughness eliminates micro-cracks that could lead to 
sudden failure of the pin under heavy load. 
     This study demonstrates that the modernization of agriculture depends not 
only on advanced software, but also on improving the quality of basic mechanical 
components. A more durable locking pin means fewer unexpected field 
downtimes and reduced maintenance costs for farmers. 
     Adopting this methodology enables local production of high-quality spare parts 
at competitive costs, reducing dependence on imports and providing a sustainable 
technical solution for agricultural operations. 
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Abstract:  The purpose of developing a high-performance locking pin is to ensure a safe, protected, and standardized connection 

between the power source (tractor) and the working unit (agricultural implement). The current state of the art in the 
manufacturing of locking pins has evolved from simple forged parts to high-precision components integrated into a digitalized 
system. Today, a pin is no longer just a steel rod, but the result of an advanced optimization process. The choice of OL 45 
demonstrates a rational design focused on an optimal cost-quality ratio. By applying induction hardening only in the contact area, 
the OL 45 pin can achieve performance close to that of expensive alloy steels. The novelty does not lie in “reinventing the wheel,” but 
in the technological refinement of a critical component, transforming a simple OL 45 pin into a highly reliable part, perfectly 
adapted to the requirements of precision agriculture. The design of this locking pin demonstrates that, through the proper use of 
simulation software and CNC machines, a conventional material such as OL 45 can be optimized to meet the rigorous demands of 
modern agricultural engineering. The synthesis of results obtained during the design and manufacturing process of the OL 45 steel 
locking pin highlights the convergence between classical machining methods and advanced digital workflows. The study 
demonstrates that the integration of modern technologies not only optimizes the techno-functional parameters of the component 
but also redefines standards of reliability and performance in the agricultural machinery sector. 


