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Abstract 
 
This paper is an attempt to fill a gap in STEP-NC research by proposing a method for determination of cutting 
parameters based on the parameters of turned features. To achieve this, the equations for cutting parameters were 
investigated to identify the effects of the variations in the feature parameters on the optimal values of depth of cut and 
feed. The result of the investigation is a set of data for optimal machining in terms of feature parameters which can be 
used in machining planning of turned components 
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1. Introduction 
For over four decades, the transfer of machining 
toolpaths information generated by Computer Aided 
Manufacturing (CAM) systems to drive Computer 
Numerical Control (CNC) machine tools has been 
through ISO 6983 (commonly referred to as G codes). 
ISO 6983 has several disadvantages such as limitation 
in the information content, uni-directional information 
flow, non-exchangeable CNC programs, requirement 
of machine-specific post-processors and lack of 
support for splines data. 
 
 To overcome the disadvantages of ISO 6983, a new 
international standard, ISO 14649, referred to as STEP-
NC, has been developed as an enhancement of the 
international STandard for Exchange of Product data 
(STEP). The specific advantages attributed to STEP-
NC include: relatively easier definition of machining 
tasks, reducing CAM planning and data preparation 
times; elimination of a significant number of drawing 

due it’s self-documentation nature; elimination of 
machine tool-specific post-processor; independence of 
machine tool manufacturers; complete and structured 
data model; bi-directional information flow of data and 
enabling of web-based manufacturing/e-manufacturing. 
These advantages of STEP-NC will facilitate a 
paradigm of “design anywhere, plan anywhere and 
make anywhere” which is essential for global extended 
enterprises. It will also enable intelligent 
manufacturing to be easily realised. 
 
Due to the reported advantages of STEP-NC, extensive 
academic and industry-based research is being carried 
out in this area in different parts of the world. 
Researchers have developed different architectures, 
demonstration systems and modules of STEP-NC 
compliant systems [1-10]. Most of the ongoing 
research involves recasting traditional Computer Aided 
Process Planning (CAPP)/CAM/CNC systems in a 
STEP-NC mould. Thus, the modules developed by 



researchers have included: tool path generation [4]; 
toolpath viewer/NC verification [4]; determination of 
cutting parameters [6]; feature recognition [4]; process 
sequencing [4] and tool selection [4]. Some 
commercial developers of controllers have also been 
involved in STEP-NC research through the use of the 
programming facility provided by the controller 
software to achieve STEP-NC compliance. 
 
The review above shows that whilst different 
researchers are making valuable contributions to 
different aspects associated with STEP-NC, the 
calculations of cutting conditions such as depth of cut 
(a) and feed (s)  has not been adequately addressed. 
There is a need to address how these cutting conditions 
will be chosen and entered in the part program. If these 
are “Handbook selected”, they will not necessarily be 
optimum for all conditions and combinations of 
machine tool, work piece and tool. The research 
reported in this paper aims to achieve “optimum” 
cutting conditions (a and s) for different STEP-NC 
turning features. The algorithm developed can be part 
of the STEP-NC controller for turning machines to 
provide optimum cutting conditions for a specific 
combination of tool, work piece and machine tool. The 
algorithm goes beyond a previous research [11] that 
has contributed to determination of optimum conditions 
in that the optimum cutting conditions are obtained in 
terms of the parameters of STEP-NC turned features. 
 
2.  STEP-NC turned features 
STEP-NC defines different turned features, also called 
entities in the STEP-NC part program such as: outer 
round; revolved feature; knurl; cut in; circular face; 
round hole; threaded hole and grooves. In this paper 
the only turned feature considered in detail is the 
longitudinal turned feature termed in STEP-NC an 
outer diameter. The parameters for representing a 
longitudinal turned feature are its diameter and length. 
 
3.  Algorithm for determination of optimum cutting 
condition in turning operation 
In this research, optimum cutting conditions are 
determined based on the “Direct Search Procedure” on 
the a-s diagram. The a-s plane can be defined by using 
maximum and minimum values of depth of cut, (a) and 
feed for the tool (s) and work piece material (i.e. For a 
given maximum depth of cut, what is the 
corresponding federate?). The a-s plane is then divided 
into a grid, say 10 x 10, as shown in Fig. 1. Different 
points on the a-s diagram are then checked for different 
constraints. The cost is calculated at all feasible points, 

which is then compared with each other and the point 
with minimum specific cost is selected as an optimum 
point. The corresponding value of depth of cut, feed 
and cutting velocity are the optimum cutting conditions 
for that pass. The same procedure can be repeated for 
other passes to get corresponding optimum cutting 
conditions. 
 
The constraints acting on a turning operation are 
generally classified as Velocity Independent 
Constraints (VIC) and Velocity Dependent Constraints 
(VDC). The constraints considered in this research are 
maximum tool force, machine power/torque and 
maximum workpiece deflection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1 Maximum Tool Force 
Resultant Cutting Force (RCF) is the combination of 
three components of cutting force in three directions 
i.e. Tangential (Fv), Feed (Fs) and Radial (Fr). All 
these three components are calculated based on some 
tool-workpiece combination specific constants and for 
a particular point on a-s diagram giving specific value 
of depth of cut and feed. 
Fv = Av. sbv . acv                 (1) 
Fs = As. sbs . acs                      (2) 

Fr = Ar. sbr . acr                       (3) 

RCF =  (Fv2 + Fs2 + Fr2)1/2                    (4) 
 
The maximum force a particular insert can withstand is 
called Maximum Tool Force (Ftmax) and can be 
calculated as: 
 
Ftmax =  Pa(Fvb2 + Fsb2 + Frb2)1/2                   (5) 
where Pa is Plane Angle Factor based on shape of the 
insert and Fvb, Fsb and Frb are  the components of the 
cutting force using the maximum values of a and s the 
insert can be used for.  

Fig. 1. Search for Optimum point on a-s 



3.2 Machine Tool Power/Torque  
The power and required are determined as: 
Power required = 2.� .r.N.Fv              (6) 
where   r = cutting radius (mm), N = spindle rpm 
Torque = Fv. r/1000 (N.m)                            (7) 
 
3.3 Maximum Deflection 
The third constraint used in the algorithm is the 
maximum deflection of the component which if greater 
than the preset value of Maximum Allowable 
Deflection (MAD), the point will be non-feasible, and 
feasible otherwise. The preset value is set by 
considering the possibility that self-excited vibrations 
can occur in the component resulting in a poor surface 
finish.  
 
According to Mladenov [12], the errors responsible for 
the overall inaccuracy of the machined component can 
be written as functions of machine tool stiffness, 
components of the cutting forces and certain 
dimensions of the machine tool. The total deflection 
can be written as: 
 
� total = L . Tan �  + Fr / Kpost + [Fr/K2 + Fr/K3] . L2 
 + [2.Lc.Fr/K2 – Fs.r/K2 – Fs.r/K3] . L +[Fr/K1 + 
L2.Fr/K2 + Fs.r.Lc /K2] + Fr.L3/3.E.I             (8) 
 
where  L =  free length of the component in the chuck 
(mm), �  = misalignment of the spindle axis to the lathe 
bed (rad), Kpost = post tool spring constant (N/m) , K1 
= first spring constant (N/m), K2 = second spring 
constant (N/m), K3 = third spring constant (N/m), Lc  = 
length of workpiece in chuck (mm), E = Young’s 
modulus for the component material (N/mm2), I = 
second moment of inertial (mm4) 
 
The values of spring constants used in this paper are 
the same as determined by Mladenov [12]. 
 
3.4 Description of the Algorithm 
i. a-s grid is developed.  
ii. For the first grid point (maximum depth of cut and 
minimum feed), If RCF is more than the Ftmax, then 
this grid point becomes non-feasible and the next point 
on a-s diagram with the same s but lower a is checked. 
Iterations are performed unless a feasible point is 
obtained for which the next constraint is checked.   
iii. If torque required for the feasible points from the 
previous constraint is greater than the available torque 
on the machine, the point is not feasible. The next point 
is selected and all previous steps are performed.  
iv. If the deflection at the specific point is greater than 

the maximum allowable deflection at that point, the 
point becomes non-feasible. In case of non feasible 
point, the next point is selected as earlier.  
v. For the points which are feasible with respect to all 
the above mentioned constraints, other parameters are 
calculated to get the specific cost at each point which is 
displayed in the form of a cost grid. Each cost on the 
cost grid corresponds to the specific point on the a-s 
diagram. The selection criterion for the next point on a-
s diagram is changed at this point, and next point 
selected is with the same a but with higher s, the 
iterations are performed unless a non-feasible point is 
reached. For non-feasible points, the cost grid shows 
very high specific cost values for constraints 1, 2 & 3 
respectively and ‘0’ for other non-feasible points.  
vi. The algorithm determines minimum specific costs 
and corresponding values of a and s on the a-s 
diagram.  
 
4. Computer implementations, results and 
discussions 
The algorithm described in section 3.4 has been 
implemented in C++ and the software was employed to 
investigate relationships between the parameters 
involved in the optimization of the cutting conditions 
in a turning operation. The parameters involved 
include: depth of cut, feed, cutting velocity, specific 
cost of the machining operation, machine tool power, 
stiffness of the component and dimensions of the 
features to be machined. Some of the relationships 
investigated include the effects of: component stiffness 
on the optimum depth of cut for different values of 
machine power; length and diameter of features on the 
optimum depth of cut in rough and finish turning 
process with and without a maximum allowable 
deflection constraint. An example of how the results of 
the investigation can be used to select optimum cutting 
conditions is demonstrated. 
 
4.1 The effect of length and diameter of features on the 
optimum depth of cut in finish turning operations 
Various patterns were observed in the graph of 
optimum depth of cut from the numerical experiments 
conducted. In one pattern, as the diameter of the 
feature is increased the value of Opt_ a increases first, 
reaches a peak and then drops. The reason for the first 
trend is the fact that larger diameters means higher 
stiffness and  a higher stiffness means less deflection, 
so more points on a-s diagram are deflection-feasible 
resulting in a higher optimum depth of cut. The reason 
why Opt_a starts falling after reaching a peak value is 
because as the component stiffness increases, more 



torque is required to machine that component reaching 
a point when the machine is not able to provide what is 
required except for decreasing values of Opt_a. i.e. 
after the peak part, the Opt_ a is limited by the 
available power on the machine tool.  
 
In the second pattern, Opt_a increases first and then 
stays at the same value for subsequent values of 
diameter as can be seen from the horizontal line in the 
graph of Fig. 2 for the 60 and 80 mm length features. 
The reason for this constant opt_a is that the machine 
tool can still provide sufficient power; therefore the 
value of Opt_a is maintained. This constant opt_a 
phenomenon can also be observed in the corresponding 
values of Opt_s in Fig. 3. In some cases, there are no 
feasible values for points on the graph. For example, in 
Fig. 2, there is no value of Opt_ a for the 40 x 100 mm 
feature, the reason is that for this feature the deflection 
of the component is greater than the value of Maximum 
Allowable Deflection, and therefore it is not feasible to 
machine this feature with these inputs.  
 
For the same length, Opt_a for higher diameter features 
is same due to the fact that both constraints (deflection 
and power) are controlling this value. Although the 
feature is getting stiffer and therefore it is getting 
deflection-feasible, the available machine power does 
not allow Opt_a to increase. If the results are analyzed 
in another way, it can be seen in all figures that for a 
particular value of diameter, if the length of a feature is 
increased, the value of Opt_a decreases. This is due to 
the fact that increase in length makes the component 
less stiff therefore the deflection in the component is 
increased and might go out of the allowable value. 
Therefore, the value of Opt_a is controlled by the 
deflection parameter of the component unless sufficient 
power is available to machine it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
4.2 The effect of length and diameter of features on the 
optimum depth of cut in rough turning operation 
The next set of experiments was carried out for rough 
turning operations and the relationship among optimum 
depth of cut, optimum feed, feature dimension and 
machine tool power was investigated. 
 
The roughing constants used in the experiments are 
taken from the work of Arsecularatne [11]. The value 
of Maximum Allowable Deflection (MAD) fixed for 
this set of experiments is 30 microns. Fig. 4 shows that 
the value of Opt_a decreases with the increase in 
diameter of the feature. This is due to the fact that 
increasing feature diameter means more torque is 
required to machine the component but on the other 
hand the machine tool power is limited. Therefore 
higher diameter features can be machined using lower 
optimum depth of cut.  
 
It was observed (as exemplified by the graph of Figs. 
4 and 5) that the value of Opt_a and Opt_s is same for 
particular power of machine tools for all features of 
60 mm diameter and above. The reason is that all 
features of 60 mm diameter and above (with the 
length used) are sufficiently stiff and therefore the 
deflection falls within the 'Maximum Allowable 
Deflection' (MAD) value for almost all grid points on 
the a-s diagram. The only acting constraint is the 
machine tool power. Hence overlapped curves (i.e. 
with same values for a specific feature length and 
diameter) on the graph are achieved for all features 
with diameter 60 mm and above for a particular 
machine tool power. 
While the feature dimensions do not make the 
component stiff enough to make the deflection 
constraint unnecessary, the values of Opt_a start with 
the lower value and increase with higher feature 
diameter for a particular feature length. It was also 
observed that as the power available is increased, the 

Fig. 3. Opt_s for L & D in finishing 
operations on 15 KW machine tool. 
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Fig. 2. Opt_a for L & D in finishing 
operation on 15 KW machine tool. 
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value of Opt_a for a particular feature also increases. 
 
4.3 Example of selecting opt_a and opt_s from the 
graph of a turned component 
The component for this example is derived from a car 
'Stub-Axle' used in an automobile industry. The 3D 
model of the component is shown in Fig. 6 and the 
turned features derived from it are shown in Fig. 7. It 
is assumed that the maximum allowable deflection 
(MAD) for turning this part is 30 microns, the distance 
between machine tool chuck face and the feature can 
be neglected and the power of the available machine 
tool is 15 KW 
 
Feature 1 in Fig. 7 has initial diameter 100 mm and 
length 100 mm. For this feature, from Fig. 4, Opt_a for 
first pass is 3.3 mm and from Fig. 5, the value for 
Opt_s is 0.22 mm/rev. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The initial diameter for the second pass will be 93.4 
mm and for this diameter the value of Opt_a can be 
interpolated between diameters 80 and 100 mm in 
Fig. 4 to obtain 3.8 mm. Similarly the optimum value 
of feed interpolated from Fig. 5 is 0.22 mm/rev.  
 
After the first two passes, the available diameter for 
the third pass will be 85.8 mm. At this diameter, the 
maximum material available to be removed is 2.9 mm 
which cannot be removed in rough turning for 100 
mm length feature because the Opt_a for 85.8 mm 
diameter in Fig. 4 is more that 2.9 mm, hence it can 
be included in next feature. 
 
The same procedure can be adopted for Feature 2 in 
Fig. 7. The length of this feature is 60 mm and the 
initial diameter available for the first pass is 82.9 mm 
instead of 80 mm due to the carryover diameter from 
the previous feature. The Opt_a for the first pass, from 
Fig. 4 is 4.6 mm and corresponding value of Opt_ s 
from Fig. 5 is 0.2 mm/rev. The diameter available for 
the second pass will be 73.78 mm. For the second 
pass, the value of Opt_a and Opt_s interpolated from 
the graphs in Figs. 4 and 5 are 5.8 mm and 0.2 
mm/rev.  

Fig. 6. Simplified stub axle. 
 

Fig. 5. Opt_s for L & D in roughing 
operation on a 15 KW machine tool. 

 

Fig. 4. Opt_a  for L & D in roughing 
operations on 15 KW machine tool. 

Fig. 7. Machining features extracted from an axle. 
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Fig. 4. Opt_a  for L & D in roughing 
operations on 15 KW machine tool. 
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Fig. 5. Opt_s for L & D in roughing 
operation on a 15 KW machine tool. 

 



The feature diameter available after this will be 62.18 
mm. In the third pass, the maximum available depth of 
cut is 2.18 mm which is not a feasible depth of cut for 
this feature to carry out roughing operation hence it 
can be added to the next feature i.e. Feature 3. 
The initial diameter of feature 3 is 62.8 mm instead of 
60 mm while the length is 40 mm. From Fig. 4, the 
value of Opt_a for the first pass is 7.0 mm and the 
corresponding value of Opt_s from Fig. 5 is 0.2 
mm/rev. The available diameter for the second pass 
will be 48.18 mm for which Opt_a and Opt_s (from 
Figs. 4 and 5) are 7.167 mm and 0.2 mm/rev. The 
diameter of the feature after this will be 33.85 mm. 
The maximum available depth of cut is 1.93 mm which 
can be machined using values of Opt_a and Opt_s 
interpolated from Figs 2 and 3 for finishing operation. 
Thus optimal cutting conditions for a component can 
be obtained by taking values from these graphs. 
 
5. Conclusions and recommendations 
In this paper, an algorithm has been developed which 
can be used to generate a database containing the 
optimum values of depth of cut and feed for different 
combinations of machine tools and feature sizes. 
Conclusions derived from the results of experiments 
carried out in this research include: 
 
1. Machine tool power and deflection are the two 
parameters which control the value of optimum depth 
of cut, whether it is a finish or rough turning 
operation.  
2. For a stiffer feature, the value of optimum depth of 
cut is greater unless it is restrained by machine tool 
power. 
3. For a feature for which there is no deflection 
constraint, the value of optimum depth of cut is totally 
dependent on machine tool power.  
4. It was shown that given parameters of STEP-NC 
turned features, optimum cutting conditions and 
resources can be determined without applying a 
lengthy generative approach. 
 
The results of this research can be extended to other 
turning operations like facing, grooving and 
threading. 
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