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Abstract: 

The aim of this study is to propose a 5-axis toolpath smoothing method in order to 

improve the quality of machined surfaces. Currently, toolpaths are commonly computed from 

CAD models presenting small geometrical discontinuities. These discontinuities may be 

caused by an insufficient quality of the CAD model (geometrical discontinuities) and the use 

of meshed surfaces (e.g. STL files). Normally, CAM systems generate linearly interpolated 

toolpaths. CNC options are then used on the machine to smooth the toolpath. The 

geometrical discontinuities of CAD models and linear toolpath interpolation may induce a 

unsmooth toolpath. This type of toolpath causes marks on the machined workpiece even if 

classical enhanced CNC options are used. Generally, these marks are unacceptable for the 

functionality of the workpiece. To reduce this problem, this study proposes a method to 

efficiently smooth toolpaths and consequently improve the obtained surface quality. The 

proposed method may be employed with high end controllers commonly used on 5-axis CNC 

machines. First, a five degree polynomial interpolation method is presented. This 

interpolation is computed to ensure geometrical continuity in the slope and curvature of the 

obtained toolpath. Next, a concatenation method is proposed to reduce the size of the CNC 

program and to improve the toolpath smoothness. Moreover, the purpose of this 

concatenation is to obtain an optimized repartition of points along the toolpath. Furthermore, 

in a reverse engineering process this method avoids surface reconstruction, decreasing the 

process time and improving the quality of the obtained surface. The efficiency of these 

methods is validated by the machining of biomedical prostheses. The CAD model used for 

the test is a meshed surface.  
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1 Introduction 

Currently, the CAD model is essential to the machining of a free-form surface. 

Subsequently this model is exported to CAM software to permit toolpath computation. 

However, To complete this transfer, it is sometimes necessary to use exchange formats. In 

the case of STL data that builds meshed surfaces, a lot of geometrical discontinuities are 

then present in the resulting CAD model. Furthermore, meshed CAD models may also be 

obtained by 3D-acquisition in a reverse engineering process. Figure 1 presents the different 

solutions to machine a surface in a reverse engineering approach. 

 

 

Fig.1 Possible solutions to machine a point cloud.  

 

#1: the historical solution starts with the surface reconstruction based on point clouds or 

meshed surfaces. Lim et al. [1] proposed a review of different techniques and soft computing 

methods for surface reconstruction. The author insisted on the importance of pre-processing 



3 

steps such as compression and simplification. Furthermore, the author highlighted the errors 

introduced by the reconstruction step. After the reconstruction step, the toolpath is computed 

on the reconstructed surface. This solution imposes the surface reconstruction step, which is 

tedious and may introduce large errors between the measured points and the reconstructed 

surface. Generally, an approximation or an interpolation is used to reconstruct the surface. 

#2: the second solution is to directly compute the toolpath on the point cloud. Park et al. 

[2] proposed a method for this technique including on rough and finishing toolpaths. These 

methods are based on the slicing of the point cloud and the determination of machining 

regions applying an algorithm which calculates the boundary of a point cloud. On the other 

hand, the method proposed by Zhang et al. [3] consists in projecting an initial toolpath onto 

the point cloud. Then, an interpolation with Bezier curves is performed to smooth the 

obtained toolpath. Freg et al. [4] proposed a method to compute an iso-planar toolpath 

directly on a point cloud. This toolpath is obtained using a CL-net cell boundary, which is a 

pattern of rectangular cells. These patterns support the toolpath and are determined to 

ensure the specified machining error and scallop height constraints. Chiu et al. [5] used a 

method to construct a triangular meshed surface from point clouds. Subsequently, the 

computed toolpath is based on this meshed surface using toolpath smoothing with Biarc 

curves. 

#3: the third solution is based on a meshed surface (generally triangular) to compute the 

toolpath. The advantages of this technique, compared to the first, are time reduction and 

improvement of geometrical accuracy. Certainly, a point cloud is easier to best fit by a 

triangular pattern than a free-form surface (Bezier, Bspline, Nurbs…). Sun et al. [6] proposed 

a method to compute 5-axis iso-parametric toolpaths on triangular meshed surfaces. This 

method is based on the parameterization of the meshed surface via a harmonic map method. 

Park [7] presented a method to compute a toolpath on meshed sculptured surfaces. This 

method begins with the determination of the CL (Cutter Location) surface: place of driven 

points. Subsequently, a 2D toolpath is projected onto the meshed surface using a vertical 

slicing strategy. Jun et al. [8] also began computing the CL surface. This CL surface is 

meshed and then sliced by parallel planes to obtain the toolpath. Kim et al. [9] also defined a 

method based on the CL surface to machine meshed surfaces. This method deforms the CL 

surface to obtain a constant scallop height toolpath. Gouging problem is one of the main 

difficulties in the 5-axis toolpath computing on meshed surfaces. Lauwers et al. [10] 

proposed a method to compute toolpath directly on meshed model. The method starts 

computing the toolpath without considering gouging and after the tool position is adapted to 

suppress the gouging problem. The tool position adaptation is carried out in tool lift and 

orientation. Lu et al. [11] defined a first toolpath using the step-over distance to ensure the 

required machining tolerance. Thereafter, the tool position is modified to avoid gouging. 
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Kiswanto et al. [12] proposed to lift the tool to avoid gouging. An algorithm was developed to 

determine the lift value of the tool based on the type of gouging.  

Lasemi et al. [13] explained that currently the use of the second and third solutions is 

emerging (figure 1). Certainly, in reverse engineering, this method helps avoiding surface 

reconstruction before CAM process. Accordingly, in these methods, CAD models 

characteristically present geometrical discontinuities. These geometrical discontinuities will 

have a great influence on the toolpath continuity inducing marks on the finished surface. 

These marks affect the functionality of the finished surfaces. Chaves-Jacob et al. [14] carried 

out a design of experiment to highlight the effect of the CAD surface discontinuities on the 

machined surface quality.  

Currently a toolpath is commonly defined by a sequence of ordered points linked by linear 

trajectories. Certainly, a slope discontinuity is present at each toolpath point. To solve this 

problem, new interpolations are developed. For example, a sliding five-degree polynomial 

interpolation was proposed to smooth toolpath discontinuities and accordingly surface 

smoothness [14]. Other interpolations are developed like B-Spline interpolation. Such 

approaches are presented by Langeron et al. [15] and Lartigue et al. [16]. In this case, 

interpolation is integrated in an industrial CAM system. Furthermore, Yong et al. [17] used a 

curve interpolation to smooth slope discontinuities. Actually, the authors added a B-Spline 

corner to increase the feed rate.  

On the other hand, the distance between two consecutive points of a toolpath may induce 

a reduction of the feed rate in high speed machining. Lavernhe et al. [18] presented a 

predictive model of kinematic behaviour for a 5-axis machine. In this study, the author 

explains that to avoid a reduction of the feed rate, a minimal distance between two 

consecutive points must be ensured. This distance depends on the CNC computer 

performance. 

 

Figure 2 highlights the main problems of a toolpath computed on a meshed surface:  

The first problem is the large discontinuities in the slope of the generated toolpath segments. 

By nature, meshed surfaces present slope discontinuities between two facets. These 

discontinuities will evidently induce large slope discontinuities in the toolpath.  

The second problem is the non-homogeneous density of points along the toolpath and the 

presence of overabundant points. The CAM system computes a toolpath to ensure an 

objective deviation between the nominal surface and the computed toolpath. Generally, this 

acceptable deviation is called chordal error. Figure 2 illustrates the toolpath of the contact 

points between the tool and the surface computed using an iso-planar strategy. To compute 

this toolpath, the CAM system begins computing the intersection line between a plane and 

the nominal surface. Next, the CAM system computes points on this intersection line; these 
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points are the cutter contact points of the toolpath. The distance between these points is 

determined to ensure the chordal error. Finally, the CAM system computes the coordinates 

of the drive point. In the case of meshed surface machining, the intersection line is a 

succession of segments (each segment is the intersection of the plane and a triangular 

facet). Naturally, these segments will become the cutter contact toolpath with a chordal error 

equal to zero. In this case, the segment length is determined by the position of the plane 

relative to the triangle facet. Accordingly, the repartition of the point along the toolpath is not 

relevant and is minimal to its geometrical definition as illustrated in figure 2. 

This study proposes toolpath smoothing using a polynomial interpolation combined with a 

concatenation method. Proposed method may be employed with high end controllers 

commonly used on 5-axis CNC machines. The concatenation method smoothes sets of initial 

toolpath points by polynomial segments. This method increases the size of each polynomial 

segment and reduces the number of segments. This concatenation is carried out to ensure a 

specified tolerance. The aim of both proposed methods is to improve the quality of the 

machined surface. The proposed method carries out the smoothing of an unsmooth toolpath. 

Thereby, it is appropriated to solve the two mains problems of toolpath computed on meshed 

surfaces but it may also be used to improve the quality of any toolpath. The proposed 

method is useful and may improve the quality of the toolpath computed on unsmooth 

surfaces. The method may be used with any type of tool. Indeed, Vickers et al. [19] 

highlighted the importance of the type of milling tool on the machining efficiency in end 

milling. Furthermore, in the proposed method the gouging problem is handled during the 

initial computation of the toolpath. In fact, the deviations introduced by the toolpath 

smoothing are small and can be neglected in the gouging phenomenon. The combination of 

polynomial interpolation and concatenation methods permits machining meshed free-form 

surface without surface reconstruction. 

 

 

Fig.2 The main problems of the toolpath computed on meshed surfaces. 
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This study is composed of three sections. The first section presents the polynomial 

interpolation method. This interpolation ensures continuity in slope and curvature over the 

whole toolpath. This method generates a smooth toolpath which may be read by common 

CNC machines. Moreover, this interpolation keeps the initial toolpath points. Subsequently, a 

concatenation method is developed to reduce the size of the CNC program and to improve 

the smoothing of the toolpath. This method automatically suppresses the toolpath points that 

are not necessary to obtain the required quality. Finally, the efficiency of both combined 

methods is tested by machining a biomedical meshed surface. The presented method is 

compared to solutions already implemented in actual CNC machines. This experimental 

machining test highlights the quality of the machined surface obtained by the proposed 

method. 

2 Proposed polynomial interpolation method 

In industry the most commonly used interpolation is the linear interpolation between two 

consecutive points of the toolpath. In addition, common CNC machine controllers are also 

able to perform polynomial and B-spline interpolations. Polynomial interpolation is proposed 

to smooth unsmooth toolpaths. Certainly, toolpaths computed on CAD models that include 

geometrical discontinuities (e.g. Meshed models) will not be smoothed. This type of toolpath 

induces marks on the machined surface that affect the functionality of the surface. The aim of 

the proposed method is to smooth the initial toolpath with a soft polynomial interpolation. Two 

classical mathematical formulations are available on CNC machine controllers: standard 

polynomial interpolation and Bspline fitting. Standard polynomial interpolation was however 

selected for his main advantage: the simplicity for an operator in front of the CNC machine to 

read the program. Indeed, Bspline formulation uses control points that do not belong to the 

real toolpath, what disturbs the reading.  

The proposed method starts from a linear interpolation toolpath as computed by common 

CAM software. The aim of the method is then to associate a smooth polynomial curve 

between two successive points of the linear toolpath. The proposed interpolation is defined to 

improve the mathematical continuity of the toolpath. It ensures the continuity of the toolpath 

in both slope and curvature and consequently leads to smooth variations of the tool 

acceleration. In fact, the minimal polynomial degree required to ensure such conditions is 

three. Indeed, the polynomial must cross the start and end points of a given interpolation 

interval (e.g. Mi and Mi+1 in Figure 3). At each toolpath point, the slope and curvature 

calculated from the left and right interpolation polynomials are also to be the same. These 

four constraints impose thus a minimum polynomial degree of three. However, with no 

additional constraint the slope and curvature of each toolpath point are then fixed by the 

coordinates of the start and end points of the left interpolation interval. This leads to spurious 
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undulations. To overcome, this impediment the slopes and curvatures were imposed (with a 

robust method: parabolas) at each point of the toolpath. These conditions increase to six the 

number of constraints of each polynomial (i.e. fixed coordinates, slopes and curvatures of the 

start and end points of each interpolation interval), thus leading to a five degree formulation. 

The sliding five-degree polynomial toolpath is used to smooth the path between the 

successive points of the initial toolpath. Figure 3 presents the used nomenclature. Parabolas 

are used to control the slope and the curvature in the link between two consecutive five 

degree polynomial curves. These parabolas are a mathematical artefact. A Parabola is the 

simplest mathematical curve to compute the curvature at a given point. Furthermore, the 

computation of a parabola through three points is very robust. At point Mi a parabola is 

computed to cross the three points Mi-1, Mi and Mi+1. Eq. 1 gives the expression of the 

parabola. This procedure defines the slopes and curvatures to be imposed at the start and 

end points of the five-degree interpolation polynomial. Accordingly, the continuity in slope 

and curvature of the whole toolpath is ensured.  

 

 

Fig.3 Interpolation on a segment 

 

Subsequently, computations are presented for the X-axis only. The same treatment is 

however applied to Y and Z axes to obtain the toolpath. 
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The value of the parameter u at each point must be chosen to determine the coefficients 

d0, d1 and d2 of Eq. 1. The parameter u is imposed to -1 at point Mi-1, 0 at point Mi and 1 at 

point Mi+1. These choices produce the results presented in Eq. 2. 
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The coefficients of the parabola are determined solving Eq. 2. The results are presented 

in Eq. 3. This equation highlights that the coefficients of the parabola are only determined by 

the initial toolpath coordinates. 
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Subsequently, the first and second derivatives of the parabolai are computed at Mi. The 

results of this computation are presented in Eq. 4. These values are respectively written Txi 

and Cxi and are associated with point Mi to compute the polynomial interpolation. 
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Eq. 5 presents the mathematical definition of a five-degree polynomial. One polynomial is 

defined between each Mi Mi+1 interval. For example, if the initial toolpath has 10 points this 

method defines 9 polynomials. Each polynomial is driven by the parameter named p. 

Subsequently, an arbitrary choice of the p value at Mi and Mi+1 is carried out, p is selected to 

have the value p=0 at Mi and p=1 at Mi+1. Accordingly, the polynomial curve is imposed to 

cross the points Mi and Mi+1. Furthermore, the first and second derivatives of the polynomial 

toolpath at Mi are imposed respectively equal to Txi and Cxi. Certainly, a five-degree 

polynomial curve between intervals Mi Mi+1 has 6 unknown parameters. On the other hand, 

this curve is submitted to 6 constraints:  

- pass through Mi and Mi+1; 

- first derivatives at Mi and Mi+1 are imposed, respectively equal to that of the parabolai 

and parabolai+1; 

- second derivatives at Mi and Mi+1 are imposed respectively equal to that of the parabolai 

and parabolai+1. 

Eq. 6 synthesis all these constraints in a matrix form. 

 

5

5

4

4

3

3

2

210i )(Poly papapapapaaXp      (5) 

 



9 

























































































1

1

1

5

4

3

2

1

0

20126200

000200

543210

000010

111111

000001

i

i

i

i

Mi

Mi

Cx

Cx

Tx

Tx

x

x

a

a

a

a

a

a

       (6) 

 

Eq. 6 is solved to determine the equation of the five degree polynomial toolpath between 

Mi and Mi+1. The last presented computations are only conducted for the X axis. Eq. 7 

presents the mathematical form of the five degree polynomial for the three dimensions. The 

presented resolution of Eq. 6 in three dimensions enables the determination of all the 

polynomial coefficients of Eq. 7. This polynomial interpolation is computed for all Mi Mi+1 

intervals built with the successive points of the initial toolpath. 
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The characteristic of this method is the use of parabolas to determine the slope and 

curvature in the junction between two polynomial interpolations. The use of parabolas avoids 

the apparition of oscillations and leads to a great stability of the computed toolpath. This type 

of toolpath ensures thus a high quality of the machined surface.  

Subsequently, a CNC code is generated to be downloaded to the CNC machine. Most 

CNC machines are able to read polynomial interpolations. Eq.8 presents a line of CNC 

program built for a SIEMENS 840D controller. The coefficients a0, a1, b0, b1, c0 and c1 are not 

provided in the program. These coefficients are linked to the current and end coordinates of 

each interpolation interval. The CNC program lines are not too complicated to write and can 

be easily read by a CNC operator. 

 

POLY X=PO(XMi+1, a2, a3, a4, a5) Y=PO(YMi+1, b2, b3, b4, b5) Z=PO(ZMi+1, c2, c3, c4, c5) PL=1 (8) 

 

3 Concatenation method 

Section §2 proposed a method to compute a smooth polynomial interpolation between 

points of a toolpath. Certainly, this method defines a five-degree polynomial between the 

successive points of the initial toolpath. The aim of the concatenation method is to increase 
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the length of each polynomial segment. The concatenation method is based on the skipping 

of unnecessary points. Points are skipped while a specified tolerance (ITC) is maintained 

between the skipped points and the polynomial toolpath. The concatenation method 

generally has four objectives:  

- To reduce the CNC program file size to avoid memory overflow, this problem is typical of 

complicated workpieces.  

- To reduce the number of links. This will increase the toolpath quality and accordingly 

reduce the acceleration and deceleration steps. Consequently, the feed-rate can be 

increased and will be more stable, reducing the machining time. 

- To get a homogeneous density of points along the toolpath, thus contributing to improve 

the toolpath quality. 

- To skip close points of the initial toolpath. These close points may create feed rate 

decelerations along the toolpath inducing machining marks on the surface. Naturally, these 

close points can be skipped without loss of geometrical quality.  

 

The idea behind this method is to skip initial toolpath points to increase the size of the 

polynomial, respecting a specified tolerance (ITC). Figure 4 illustrates this idea.  

 

 

Fig. 4: concatenation method. 

 

Figure 5 illustrates the main steps of the concatenation method. The algorithm presents 

the procedure to determine a polynomial toolpath between the points Mi and Ma. This 

iterative algorithm successively skips points as long as the error between each skipped point 

and the polynomial toolpath remains less than a specified tolerance ITC. Eq. 9 defines the 

value of the distance ei between a toolpath point and the polynomial toolpath. Indeed, this 

distance is an approximation of the real error made on the workpiece. Authors like Huang et 

al. [20] propose to compute the real interferences caused by the chordal error. These 

computations need however to know the true shape of the machined surface. In the 

presented case only the toolpath is known to be smoothed. Furthermore, the specified 

tolerance (ITC) is selected small in comparison to the machining tolerance. 
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)](Poly;distance[ pMe iii          (9) 

 

The slope and curvature properties at point Ma are computed using a parabola, which 

crosses the points Mi, Ma and M2a-i. The iterative algorithm stops when: the tolerance is 

exceeded or the index of the last point of the initial toolpath is reached. When the tolerance is 

exceeded the polynomial toolpath is computed for the correct value of index a. The method 

used to compute the five-degree polynomial toolpath was already presented in section §2.  

The presented concatenation method ensures a smooth toolpath. Furthermore, this 

method provides a reduced number of segments to ensure a specified tolerance between the 

nominal points and the concatenate toolpath. 

 

 

Fig.5: Flowchart of the concatenation method 

 

4) Application 

The Methods presented in sections §2 and §3 are used to machine a part of the tibial 

prosthesis plateau presented in Figure 6. The area of the friction surface machined for the 

tests is presented in this figure. An STL model with a small facet size defines the surface 

used to compute the toolpath. The toolpath is computed with industrial CAM software. An 

iso-planar strategy with 0.16 mm of step-over is used for that purpose. This STL model 

induces a toolpath with a lot of very close points. The machining was carried out in an 

aluminium alloy with a ball-end-tool with a diameter of 10 mm. The employed tool has four 
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flutes. The spindle rotation speed was fixed to 10 000 rpm and the feed rate was set to 

3 000 mm/min (feed per tooth of 0.075 mm). Linear and polynomial toolpaths were employed 

and compared in this experiment. Three types of toolpaths were considered: 

- The basic linear interpolation toolpath called G1 in table 1. This is the standard linear 

interpolation available in the CNC machine without using any enhanced interpolation option. 

This type of toolpath is not used to mill workpieces because it creates lot of vibration during 

machine displacement. 

- The linear interpolation toolpath, named G1 + CNC options in table 1. This interpolation 

is the current method used in industry. It is a linear interpolation using CNC options to 

smooth free-form surfaces. In this case: G642 and COMPCAD commands of a SIEMENS 

840D NC controller were used.  

- The polynomial interpolation combined with a concatenation with ITC tolerance (methods 

presented in sections §2 and §3). This interpolation is defined by the value of ITC in table 1. 

In table 1, the strategy with POLY and ITC equal to zero corresponds to a polynomial 

interpolation without concatenation. 

 

 

Fig.6: definition of the machined and measured areas of the tibial plateau prosthesis 
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Careful Roughness measurements were carried out using an optical chromatic confocal 

sensing Coordinate Measuring Machine (CMM). The resolution of the CMM sensor is about 

10 nm. The Measurements were done on a 2 x 2.5 mm patch with a step of 4µm in both 

directions. Figure 6 presents the position of the measured area. To highlight the differences 

between the tested toolpaths, this area was selected along a local STL pattern defect. The 

form of the measured surface was filtered with a three degree polynomial surface. Then 

residuals of the best fit were used to compute the two roughness parameters, Sa (arithmetic 

average) and Sz (maximum height) presented in table 1.  

 

Furthermore, table 1 presents: 

- The number of toolpath points: this value expresses the number of non skipped points. 

- The average length between two successive points of the toolpath. This parameter 

highlights that the initial toolpath (G1 in table 1) has very close points (0.1561 mm). 

- The machining time is measured directly on the CNC machine for all toolpath strategies. 

Some experiments are conducted displacing the tool without workpiece. Since all the 

strategies have the same toolpath length, the execution time of such experiment is then used 

to characterize the real feed rate. 

- The roughness parameters: The tests without workpiece have grey cells in these two 

columns. 

Table 1 highlights the efficiency of the classical smoothing technique already incorporated 

in CNC options. Certainly, the machining time between the standard linear interpolation and 

the smoothed linear interpolation using CNC options is divided by more than five. The 

reduction of the machine tool feed rate may explain this phenomenon. Without CNC options, 

the machine must slow to exactly follow the specified points and undergoes all the 

geometrical discontinuities of the toolpath. In the STL file, the short distance between two 

successive points highlights this phenomenon. 

Furthermore, this table shows that the polynomial interpolation without concatenation (ITC 

equal to zero) is not appropriated for small segments. Certainly, the machining time and the 

surface roughness are significantly increased compared to the CNC options toolpath. 

 

Type of 

interpolation 

ITC (mm) Point 

number 

Average 

length (mm) 

Machining 

time (s) 

Sa (µm) Sz (µm) 

G1 N/A 15959 0.1561 848   

G1 + CNC 

options 

N/A 15959 0.1561 165 0.8 7.2 

Poly 0 15959 0.1561 231 1.23 10.6 

Poly 0.001 8440 0.2159 193   
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Poly 0.002 7017 0.355 178   

Poly 0.003 6620 0.3763 176 0.762 6.55 

Poly 0.004 6214 0.4009 182   

Poly 0.006 6389 0.3899 185 0.674 8.05 

Poly 0.008 5868 0.4245 180   

Poly 0.01 5104 0.4881 172 0.704 5.80 

Poly 0.02 4414 0.5644 174   

Poly 0.04 3413 0.73 169 0.806 6.43 

Poly 0.06 2898 0.8597 168   

Table.1: Influence of the concatenation tolerance on the machining time and surface 

roughness. 

 

Figure 7 was created to facilitate reading of table 1. This figure superimposes two graphs 

to highlight the correlations between two phenomena:  

- The machining time versus the concatenation tolerance. This graph is composed of two 

curves: a solid line for the polynomial interpolation and a dotted line for the linear 

interpolation with CNC options (this curve is constant versus ITC). 

- The roughness maximum height versus the concatenation tolerance. This plot is also 

composed of two curves.  

 

Table 1 and figure 7 show that increasing the concatenation tolerance reduces the 

machining time of polynomial interpolation. Furthermore, the polynomial interpolation 

presents an optimal value: in this case ITC = 0.01 mm. At this configuration, the roughness is 

the lowest and the machining time is close to the one obtained with the smoothing technique 

already implemented in the CNC options. Furthermore, this figure highlights that the studied 

method almost always improves the surface quality without significantly increasing the 

machining time. 
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Fig 7: Evolution of the machining time and surface roughness versus the concatenation 

tolerance. 

 

Figure 8 presents the measured surface micro-geometry (after form filtering) for the six 

machined surfaces. This roughness morphology is typical of iso-planar strategies on convex 

surfaces. Indeed, with such strategy, the tool axes stay in a plane during one pass but the 

cutter contact realises a trajectory that is curved in direction of the lowest point of the convex 

surface. Figure 7 highlights that in this case the optimal concatenation tolerance is 0.01 mm. 

For this concatenation tolerance a smooth surface was obtained and the roughness 

parameters Sa and Sz were significantly decreased, respectively of 12% and 19%. 

 

 

Fig 8: Micro-geometry of the measured surface. 
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The experimental tests illustrate the usefulness of the methods presented in sections §2 

and §3. They highlight that the basic linear interpolation cannot be used to machine free-form 

surfaces defined by a meshed surface. Furthermore, in this case, the experimental test 

shows that the CNC options provide good machining time but the surface quality is not 

optimal. On the other hand, the test carried out with the proposed method (enhanced 

polynomial interpolation & concatenation) increases the surface quality with a similar 

machining time. Furthermore, an optimal tolerance value is found to carry out the best 

machining performance. Accordingly, the presented methods are efficient for machining 

meshed surfaces. 

 

5 Conclusion 

This study presents a method to efficiently smooth toolpaths computed on meshed 

surfaces. Naturally, such toolpaths present large slope discontinuities and a non-

homogeneous points repartition along the trajectory. A method was therefore proposed to 

overcome this impediment. The developed method is based on an enhanced five-degree 

polynomial interpolation. This interpolation is computed to ensure the continuity in slope and 

curvature of the computed toolpath. The geometrical continuity of the toolpath ensures 

smooth variations of the acceleration along the toolpath and consequently improves the 

quality of the machined surface. The proposed method may be employed with high end 

controllers commonly used on 5-axis CNC machines. This interpolation is coupled with a 

concatenation method. The aim of this method is to reduce the size of the CNC program and 

to remove overabundant points. This method is based on point skipping in order to increase 

the length of the polynomial segments. It however limits the maximum deviation between the 

original trajectory and the concatenated toolpath. To validate the approach, the usefulness of 

these two methods was tested for the machining of tibial plateau prostheses. In these tests, 

the CAD model of the workpiece is defined by a meshed model (*.STL). The experiments 

highlight that the proposed method presents an optimal value of concatenation tolerance. 

The results show that the proposed method provides the same machining time as the 

classical smoothing technique already incorporated in CNC options and currently used in 

industry, but better surface roughness. 
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