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Abstract: The aim of this study is to compare two strategies of contact detection algorithm using master-

slave approach and node-to-segment (NTS) discretization for 2D finite element modelling of the orthogonal 

cutting operation. Define and discuss the search algorithm, the runtime, stability, and the accuracy of Bucket 

Sort and All-to-All methods and explain step by step the strategies of locating the contact pairs. In the pro-

cess, the strategy of the bucket sort detection was modified using mathematical treatment to match with the 

orthogonal cutting operation. Two examples were performed to capture well the effect of nodes and tool 

moving on the contact detection algorithms considered in the present study. Results show that the bucket sort 

method is more fast and accurate especially when there is no contact between the tool and the workpiece. In 

the interest of reproducibility, the Matlab code is made open-source and can be downloaded from(GitHub 

Website). 
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1. Introduction 

The mechanics of contact are an important issue for our civilization, we find it in much what science 

reached today, e.g. car tires, metal forming, assembled pieces in engines and turbines, bearings and gears in 

mechanical devices and electromechanical contacts and also in biomechanics e.g. teeth and human joints, 

due to this variety the numerical treatment of contact problem by analytical and numerical methods becomes 

one of the important priorities in many engineering branches today. Contact problems in numerical methods 

of deformable solids occurs at the interface between two separate bodies. And the contact constraints at this 

interface cannot be replaced by ordinary boundary conditions imposed on both the contacting surfaces i.e. 

boundary conditions depend on the strain (Kinematic non-linearity).  

Theoretically, there is contact when the metal contact node is on the tool segment. Practically in 

numerical methods the contact node penetrates the tool segment to a certain depth measured along the 

normal projection node-segment called the penetration depth or the normal gap (see Fig.01). If penetration 

detected the impenetrability condition violated and the contact force calculated using one of the methods 

mentioned in the fifth step Fig.02, the contact forces applying to reposition the contact node on the surface of 

the penetrated tool i.e. the penetration is completely eliminated. 

Numerical simulation of contact problems has been done by many studies in particular the impact phe-

nomenon [1, 2], metal forming [3, 4] and contact in composite materials [13, 14].Contact problem has many 

important aspects to focus on (see Fig. 02), but contact detection remains the major crucial points and com-

putational costs of contact problem steps because the contact geometry changes significantly through compu-

tation and the search algorithm required almost at each time step in FE analysis. Therefore, the search for 

fast and accurate contact detection algorithm is an absolute necessity for a robust and fast FE analysis, espe-

cially for large and  
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multi-contact problems. Several methods proposed in literature, such as Pinball Algorithm proposed by  

Belytschko et al. [05, 06], QuickTrace search algorithm By Bruneel et al. [07], a MeshFree contact-

detection algorithm By Li, Shaofan et al. [08], Shortest link method by Nezami, Erfan, et al. [12], bounding 

box algorithms by Malone et al [09, 10] and Attaway et al. [11], which are developed for parallel computa-

tion. Most of them are based on subdividing the simulation space and reducing the number of searching for 

nearest neighbor’s elements by distributing them into a regular cell grid and look for neighbors in spatially 

close cells, but these algorithms are complicated in implementation because they are involved with multiple 

vector operation and multiple conditional statements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Bucket Sort Method: 

Bucket sort algorithm has not a unique meaning, but it always means that a box around a point of the 

master or slave surface plays an important role. Bucket sort algorithm proposed by [15] a fast and robust 

detection algorithm based on a rigorous formulation, here we adapt the Bucket sort method for orthogonal 

Fig. 1: Continuum & discrete contact problem 

Fig. 2: Summary of Important Steps in Contact Problem Analysis (Implementation) 
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cutting process to preserve both the accuracy and the simplicity of the algorithm as in [15], Bucket sort algo-

rithm characterized by two phases:  
 

 2.1 Preliminary Phase 

 Evaluate the optimal dimensions of the Bucket (𝐷𝑚𝑎𝑥), Fig. (03) 

shows the normal and tangential tool displacement in 2D case (rigid 

tool), the max displacement is the detection parameter 𝐷𝑚𝑎𝑥 that 

should be recomputed at each remeshing or at each 𝑛𝑡ℎ time step. 
 

 Construct two independent Bounding Boxes containing all material and tool nodes:  

 

         min(𝑋𝑚,𝑡
𝑏𝑏 ) = min(𝑋𝑚,𝑡)  − 𝐷𝑚𝑎𝑥          max(𝑋𝑚,𝑡

𝑏𝑏 ) = max(𝑋𝑚,𝑡) + 𝐷𝑚𝑎𝑥 

         min(𝑌𝑚,𝑡
𝑏𝑏 )  = min(𝑌𝑚,𝑡)   − 𝐷𝑚𝑎𝑥 max(𝑌𝑚,𝑡

𝑏𝑏 )  = max(𝑌𝑚,𝑡)  + 𝐷𝑚𝑎𝑥 

Where𝑋𝑚,𝑡
𝑏𝑏 ,𝑌𝑚,𝑡

𝑏𝑏 : Coordinate of the   bounding box of the material and the tool. 

𝑋𝑚,𝑡,𝑌𝑚,𝑡: Coordinate of the material and the tool. (See Fig. 04). 

 

 

 

 

 

 

 

 

 

 
 

 

 

 Potential contact area is determined by the intersection of material and 

tool bounding boxes𝐵𝐵 =  𝐵𝑚 ∩ 𝐵𝑡, verification of the presence of 

material nodes inside the overlap bounding box. And finally all slave 

nodes situated in the detection area are checked for the closest master 

segment for possible penetration (See Fig 05). 

 

2.2. Detection phase: 

The detection of the contact pairs are based on:  

a) Ensure and increase the accuracy of the algorithm by two steps: 

 Create a bounding box for the node and the segment and check the bounding boxes intersection  

 Project the node on the master segment and check whether the projection is in the valid range or not. 
 

b) The detection strategy: fixe the tool and moves the material same as the linear tool displacement that 

allows us to create for each node a segment between the previous and the right coordinates then check 

the intersection of the segment of each node situated on the overlap bounding box against each master 

segment. It is worth mentioning that this technique is only for node-to-segment discretization. 
 

 

Fig. 3: Illustration of Dmax 

Fig. 5:Illustration the overlap bounding box 

Fig. 4:Illustration of bounding boxes for: (a) Material, (b) Tool 

(a)  (b)  
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3. All-To-All Method: 

A simple, efficient and fast enough technique, All-to-All is a classical method based on exhaustive 

search between all slave nodes of the material and all segments of the tool(s). The exhaustive search between 

N material nodes and M tool segments requires N*M detection actions, All-to-All is a robust method and 

acceptable for a moderate number of nodes in contact [15] especially in the case of a small slip when only 

one execution of the detection procedure is required. It is also worth noting that all-to-all method use the 

same detection strategy of bucket sort method. 

4. Comparisons 

In order to compare the runtime of the algorithms two tests were run on 2D orthogonal cutting model 

shown in Fig. (07) The objective of the two tests is to study the performance of the algorithms with the vary-

ing number of contact pairs and nodes. Runtimes are measured and reported in CPU seconds, taken on Intel 

Core i5-2430M at 2.40 GHz. The first test, focus on the effect of the workpiece refinement on runtime, by 

fixing the cutting tool in the contact zone and increasing the Nodes from 4 nodes to 82000 nodes. The second 

test, fixe the workpiece nodes (63000 nodes) and move the tool through the workpiece (10 mm). 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Flowchart of Bucket Sort Algorithm 

Fig. 7: Simulation set up 
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       Numerical accuracy of the algorithms can be evaluated by comparing the results of the attached Matlab 

code named “Main Example”, Note that workpiece refinement can be changed for more results to prove the 

efficiency and robustness of the code with discretization sensitivity of the orthogonal cutting process. 

5. Results and Discussion 

       Contact Detection is a nonlinear process that takes place at every simulation step to detect contact pairs. 

Therefore, a slight difference in algorithms runtime is more apparent in the overall performance of the FEM 

simulation especially for the complex geometry and multiple contacts zone that have expensive 

computationally cost. Fig 08 shows the results of the first test, a large difference in computational time 

between the two algorithms, appears clearly when increasing nodes. The average time of the bucket sort 

method is 0.02 Sec while the average time for All-to-All method is 0.64 Sec and this could be explained by 

the fact that the BS method only performs the operation for the nodes close to the collision zone i.e. nodes 

situated at the bounding boxes overlap and thereby it decreases the computational time compared to the 

exhaustive search (All-to-All method) where it performs the operations of the whole nodes against all 

existing segments and this process can be computationally expensive. 

 

 

 

 

 

 

 

 

 

 

      Fig 09 shows the second test, Tool progress or the increase of contact pairs has no effect on the runtime 

of the All-to-All method because workpiece nodes are fixed and the process performs on all nodes, 

regardless of whether there is a contact or not, while the presence of contact nodes increase the runtime for 

the BS algorithm because the process depends mainly on the intersection nodes situated on the overlap 

Bounding Boxes and the contact between the cutting tool segments and workpiece nodes increase the 

intersection nodes i.e. contact pairs that will be subject to study and thereby increase the time required to 

extract the contact pairs, but All-to-All method remains incomparable to the runtime required for BS method. 

Orthogonal cutting process needs a fine mesh i.e. large contact pairs number at the cutting zone to accurately 

capture the contact forces. Hence, there are no significant differences in static simulation that require few 

simulation steps between the two search algorithms. These differences begin to appear in dynamic 

simulation or dynamic refinement in which extremely large simulations should be expected. Therefore to 

minimize the computational costs neighbour search algorithms e.g. Bucket sort algorithm will be an ideal 

choice. 
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Fig. 8: Runtime of BS and All-to-All Methods According 

to Increasing Nodes 

Fig. 9: Runtime of BS and All-to-All Methods According 

to Tool Moving 
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6. Conclusion 

      In this research paper, one of the modern methods used in contact detection was studied compared to a 

classic method used for simple models [15], the research paper proved that the methods depend on 

neighbourhood identification (BS method) reduce runtime in a feasible and effective way, especially since 

the contact problems are based on the iterative and incremental process that could be computationally 

expensive in particular for complex and irregular geometries, large deformation and large rotation analysis 

and various contact concept in the same analysis. Thereby this prompts research towards finding new 

strategies to minimize the computational cost, simplify the contact problem and agree with the analytical and 

experimental results. 
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