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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

The ability of serrated end mills to reduce cutting forces and improve chatter-free machinability is governed by their serration profiles. This paper 
presents a comparative analysis of the cutting behavior of two differently profiled serrated end mills, of which one has a standard trapezoidal 
profile, and another has a non-standard inclined-circular profile. Established force and stability models are used to predict the cutting behavior 
that is experimentally validated. For cutting aluminium, cutting forces for the non-standard inclined-circular cutter are lower than the standard 
trapezoidal cutter. However, from the chatter-free stability point of view, both cutters perform similarly.     
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1. Introduction 

Serrated end mills are widely used for rough machining in 
the aerospace, automobile, and die-mould industries. Due to 
complex geometries of the serrated cutters, its local radius 
varies. This produces a non-uniform chip thickness and an 
apparent depth of cut, which is different than regular end mills. 
These variations and differences tend to reduce process forces 
and improve chatter-free machining stability limits. 
Improvements in the cutting performance of serrated cutters is 
mainly influenced by the geometry of the serration profiles. 

Superior performance of serrated cutters has spurred great 
interest in understanding the role of the serration profile on the 
cutting mechanics and stability of serrated cutters. Based on the 
early seminal work by Stone [1] and Tlusty et al. [2], several 
significant contributions to modelling the geometry, process 
mechanics, and the machining stability of serrated cutters have 
been made [3-8]. Almost all previously reported work has 
addressed cutting with standard profiled serrated cutters, 

wherein the profile is either sinusoidal [1-6], circular, 
trapezoidal [1, 3-4] and/or of the interrupted circular and 
trapezoidal kinds [8]. However, as was shown recently [8-9], 
serration geometrics can also be of the non-standard kinds that 
can be classified as semi-circular, circular-elliptical, semi-
elliptical, inclined semi-circular, and the inclined-circular 
types. How/if cutting forces and stability of these non-standard 
cutters is different from standard profiled cutters is yet 
unknown, and forms the main focus of this paper.  

For cutting aluminium, we compare the cutting performance 
of one standard trapezoidal profiled serrated cutter with another 
non-standard inclined-circular profiled serrated cutter. To make 
comparisons meaningful, we present models that are 
experimentally validated. Section 2 summarizes the static force 
model, and Section 3 discusses the model for chatter stability 
for these cutters. Section 4 describes the measured geometry of 
both cutters, followed by experimental validations in Section 5. 
Section 6 compares the performance of both cutters, followed 
by the main conclusions of the paper.  
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complex geometries of the serrated cutters, its local radius 
varies. This produces a non-uniform chip thickness and an 
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cutting mechanics and stability of serrated cutters. Based on the 
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significant contributions to modelling the geometry, process 
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wherein the profile is either sinusoidal [1-6], circular, 
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elliptical, inclined semi-circular, and the inclined-circular 
types. How/if cutting forces and stability of these non-standard 
cutters is different from standard profiled cutters is yet 
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For cutting aluminium, we compare the cutting performance 
of one standard trapezoidal profiled serrated cutter with another 
non-standard inclined-circular profiled serrated cutter. To make 
comparisons meaningful, we present models that are 
experimentally validated. Section 2 summarizes the static force 
model, and Section 3 discusses the model for chatter stability 
for these cutters. Section 4 describes the measured geometry of 
both cutters, followed by experimental validations in Section 5. 
Section 6 compares the performance of both cutters, followed 
by the main conclusions of the paper.  
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2. Static cutting force model for serrated cutters  

The static cutting force model used in this study is based on 
[4-6]. The tool is considered to be rigid herein, and the 
influence of flexibility is treated separately in the next section. 
The local radius of the serrated cutter for the 𝑖𝑖𝑡𝑡ℎ flute at height 
𝑧𝑧  is defined by  𝑅𝑅𝑖𝑖(𝑧𝑧) = 𝐷𝐷/2 − Δ𝑅𝑅𝑖𝑖(𝑧𝑧),  wherein 𝐷𝐷  is shank 
diameter of the cutter and Δ𝑅𝑅𝑖𝑖(𝑧𝑧) is the variation in the local 
radius. The parametric expression of Δ𝑅𝑅𝑖𝑖(𝑧𝑧) is well defined in 
[9] for different kinds of serration profiles. The variation in 
local radius leads to non-uniform static chip thickness ℎ𝑖𝑖

𝑠𝑠𝑡𝑡(𝑧𝑧, 𝑡𝑡) 
for the 𝑖𝑖𝑡𝑡ℎ flute at height 𝑧𝑧 and time 𝑡𝑡, as is detailed in [4-6].  

Due to their complex geometries, serrated cutters are 
discretized into axial slices, which are in turn further 
discretized into angular elements. In each element, we attach a 
radial-tangential-and-axial (rta) frame which changes direction 
from element to element. Using elemental static chip thickness 
formulations, and by ignoring the influence of runout, static 
cutting forces are evaluated in the rta frame and transformed 
later into a fixed xyz frame as follows:  

𝑑𝑑𝑭𝑭𝑠𝑠𝑡𝑡
𝑥𝑥𝑥𝑥𝑥𝑥,𝑖𝑖
 (𝑧𝑧, 𝑡𝑡) = 𝑻𝑻𝑥𝑥𝑥𝑥,𝑖𝑖(𝑧𝑧, 𝑡𝑡)[𝑲𝑲 

𝑐𝑐ℎ𝑖𝑖
𝑠𝑠𝑡𝑡(𝑧𝑧, 𝑡𝑡) +

𝑲𝑲 
𝑒𝑒] 𝑑𝑑𝑥𝑥

sin 𝜅𝜅𝑖𝑖
 (𝑥𝑥) 𝑔𝑔𝑖𝑖(𝑧𝑧, 𝑡𝑡), (1) 

wherein 𝑔𝑔𝑖𝑖(𝑧𝑧, 𝑡𝑡)  is the screening function, and  𝜅𝜅𝑖𝑖
 (𝑧𝑧)  is the 

axial immersion angle for the 𝑖𝑖𝑡𝑡ℎ flute at height 𝑧𝑧 – shown in 
Fig. 1(b), 𝑲𝑲 

𝑐𝑐 and 𝑲𝑲 
𝑒𝑒  are the main and edge cutting force 

coefficients vectors, and 𝑻𝑻𝑥𝑥𝑥𝑥,𝑖𝑖(𝑧𝑧, 𝑡𝑡) is a transformation matrix.  
The total lumped static cutting force vector in different 

directions is calculated from elemental differential forces as: 

𝑭𝑭𝑥𝑥𝑥𝑥𝑥𝑥
𝑠𝑠𝑡𝑡 (𝑡𝑡) = [𝐹𝐹𝑥𝑥

𝑠𝑠𝑡𝑡  𝐹𝐹𝑥𝑥
𝑠𝑠𝑡𝑡  𝐹𝐹𝑥𝑥

𝑠𝑠𝑡𝑡]𝑇𝑇 ≡ ∑ ∫ 𝑑𝑑𝑭𝑭𝑠𝑠𝑡𝑡
𝑥𝑥𝑥𝑥𝑥𝑥,𝑖𝑖
 (𝑧𝑧, 𝑡𝑡)

𝑎𝑎𝑝𝑝

0

𝑁𝑁

𝑖𝑖=1
, (2) 

wherein 𝑎𝑎𝑝𝑝  is the axial depth of cut, and 𝑁𝑁  represents the 
number of teeth. For force model details, please see [4-6]. 

3. Chatter stability model for serrated cutters  

In the case of tool being flexible, the dynamic chip thickness 
governs the chatter stability of the system as described 
subsequently. The regenerative chatter stability model 
presented herein is based on the work reported in [6].  

3.1. Dynamic chip thickness  

Assuming the tool is flexible in three orthogonal directions 
as shown in Fig. 1,  the cutting forces can excite the structure 
in the feed (𝑥𝑥), normal (𝑦𝑦), and axial (𝑧𝑧) directions thereby 
resulting in a dynamic displacement in those directions. Using 
a coordinate transformation from fixed xyz to rotating rta 
frame, we calculate local dynamic chip thickness as follows: 

 ℎ𝑖𝑖
𝑑𝑑𝑐𝑐(𝑧𝑧, 𝑡𝑡) = [

sin 𝜑𝜑𝑖𝑖(𝑧𝑧, 𝑡𝑡) sin 𝜅𝜅𝑖𝑖
 (𝑧𝑧)  

 cos 𝜑𝜑𝑖𝑖(𝑧𝑧, 𝑡𝑡) sin 𝜅𝜅𝑖𝑖
 (𝑧𝑧)   

cos  𝜅𝜅𝑖𝑖
 (𝑧𝑧)

]

𝑇𝑇

[
Δ𝑥𝑥
Δ𝑦𝑦
Δ𝑧𝑧

]  × 𝑔𝑔𝑖𝑖(𝑧𝑧, 𝑡𝑡)  (3) 

wherein Δ𝑥𝑥 ≔ 𝑥𝑥(𝑡𝑡) − 𝑥𝑥(𝑡𝑡 − 𝜏𝜏𝑖𝑖(𝑧𝑧, 𝑡𝑡)), Δ𝑦𝑦 ≔ 𝑦𝑦(𝑡𝑡) − 𝑦𝑦(𝑡𝑡 −
𝜏𝜏𝑖𝑖(𝑧𝑧, 𝑡𝑡)), and  Δ𝑧𝑧 ≔ 𝑧𝑧(𝑡𝑡) − 𝑧𝑧(𝑡𝑡 − 𝜏𝜏𝑖𝑖(𝑧𝑧, 𝑡𝑡))  represents the 
dynamic displacements in 𝑥𝑥, 𝑦𝑦, and 𝑧𝑧 directions, and 𝜏𝜏𝑖𝑖(𝑧𝑧, 𝑡𝑡) is 
the time delay between current and past vibration marks left on 
the cutting surfaces. 𝜑𝜑𝑖𝑖(𝑧𝑧, 𝑡𝑡)  in Eq. (3) is the angular 
immersion angle for the 𝑖𝑖𝑡𝑡ℎ  flute at height 𝑧𝑧. For additional 
details, please see [4-6].  

 
Fig. 1. Schematic of a flexible serrated end mill showing details of the dynamic 
chip thickness. (a) top view, (b) end view. 

Because of the variation in the local radius of these cutters, 
there can be the missed-cut effect, which  disturbs regenerative 
vibrations and leads to the multiple delay term 𝜏𝜏𝑖𝑖(𝑧𝑧, 𝑡𝑡) [4-6]. 
Using the dynamic chip thickness defined in Eq. (3), the total 
lumped dynamic cutting force vector 𝑭𝑭𝑥𝑥𝑥𝑥𝑥𝑥

𝑑𝑑𝑐𝑐 (𝑡𝑡) can be calculated 
in a similar fashion to Eqs. (1-2) by replacing ℎ𝑖𝑖

𝑠𝑠𝑡𝑡(𝑧𝑧, 𝑡𝑡)  by 
ℎ𝑖𝑖

𝑑𝑑𝑐𝑐(𝑧𝑧, 𝑡𝑡) and dropping the edge term 𝑲𝑲 
𝑒𝑒, which comes from 

linearization of the total cutting force vector [6, 10] . These 
dynamic forces govern the stability of the cutter discussed next. 

3.2. Dynamics and stability of serrated cutters 

Assuming the tool to be rigid in the 𝑧𝑧 direction, as it usually 
is, the generalized equation of motion for the serrated cutter can 
be described in the modal space as [6]:  

�̈�𝒒(𝑡𝑡) + diag[2𝜁𝜁𝑥𝑥𝜔𝜔𝑛𝑛,𝑥𝑥]�̇�𝒒(𝑡𝑡) + diag[𝜔𝜔𝑛𝑛,𝑥𝑥
2 ]𝒒𝒒(𝑡𝑡) =

diag [(𝜔𝜔𝑟𝑟2

𝑘𝑘𝑟𝑟
)

 
] 𝑭𝑭𝑥𝑥𝑥𝑥

𝑑𝑑𝑐𝑐 (𝑡𝑡), 
(4) 

wherein 𝒒𝒒(𝑡𝑡)is modal displacement vector, r are the number of 
modes, 𝜔𝜔𝑛𝑛,𝑥𝑥 , 𝜁𝜁𝑥𝑥 , and 𝑘𝑘𝑥𝑥  are the modal frequencies, damping 
ratios, and the stiffnesses, respectively, and 𝑭𝑭𝑥𝑥𝑥𝑥

𝑑𝑑𝑐𝑐 (𝑡𝑡) =
[𝐹𝐹𝑥𝑥

𝑑𝑑𝑐𝑐   𝐹𝐹𝑥𝑥
𝑑𝑑𝑐𝑐]𝑇𝑇 is the lumped force matrix. Eq. (4) represents the 

delay differential equations that are solved using the semi-
discretization method [6, 10] to predict stability.  

Having briefly described the static force model and the 
chatter stability model for serrated cutters, geometries of the 
standard and non-standard cutters of interest are discussed next.  

4. Geometry of the standard and non-standard serrated 
end mills of interest 

Force and stability models are governed by tool geometry. 
Since cutting tool manufacturers’ that make serrated cutters do 
not describe their detailed geometry, we reconstruct geometric 
models for the two serrated tools of interest by scanning them 
in an Alicona make 3D optical surface profilometer. Details of 
the scanning process, and procedures to reconstruct geometry 
from scanned data using parametric definitions are presented in 
[9], and, for want of space, are not repeated herein, and the 
interested reader is directed to [4, 9] for details. The measured 
serration parameters and key geometric angles like the pitch 
angle (𝜑𝜑𝑝𝑝,𝑖𝑖), the helix angle (𝜂𝜂), and the initial phase shifts (𝜓𝜓) 
between the waves on subsequent flutes for the standard 
trapezoidal profiled serrated cutter and the non-standard 
inclined-circular profiled serrated cutter are listed in Table 1. 
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 Table 1. Geometry of the standard and non-standard serrated end mills. 

Serration profile and classification; 
Tool make and model 

Serration geometry; 
Initial phase shift (𝜓𝜓); helix 
angles (𝜂𝜂); pitch angles 
(𝜑𝜑𝑝𝑝,𝑖𝑖(0)); No. of teeth (N); 

 
Trapezoidal - Totem CBCH 

𝐴𝐴 = 0.63 mm; 𝐿𝐿1
= 0.97 mm; 𝐿𝐿2 = 0 𝑚𝑚𝑚𝑚; 𝑅𝑅1
= 0.06 mm; 𝑅𝑅2 = 0.39 𝑚𝑚𝑚𝑚; 𝑅𝑅3
= 0.39 mm; 𝑅𝑅4
= 0.06 mm; 𝛼𝛼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 39°; 𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
= 40°; 𝜆𝜆 = 2.82 mm 
𝜓𝜓 = [0 120 240]° 𝑐𝑐𝑐𝑐; 
 𝜂𝜂 = [40 40 40]°; 
 𝜑𝜑𝑝𝑝,𝑖𝑖(0) = [120 120 120]°; 
 𝑁𝑁 = 3. 

 
Inclined circular - Iscar ERC160E32-3W16 

𝐴𝐴 = 0.48 mm; 𝑅𝑅1
= 0.52 mm; 𝑅𝑅2 = 0.90 mm; 𝜃𝜃1
= 40°; 𝜃𝜃2 = 32°; 𝜆𝜆
= 2.27 mm; 𝐿𝐿1 = 0.11 mm; 𝐿𝐿2
= 0.33 mm; 
𝜓𝜓 = [0 120 240]° 𝑐𝑐𝑐𝑐; 
 𝜂𝜂 = [38 38 38]°; 
 𝜑𝜑𝑝𝑝,𝑖𝑖(0) = [120 120 120]°; 
 𝑁𝑁 = 3. 

5. Experimental validation of cutting forces and stability  

This section first discusses the experimental validation of 
cutting forces, followed by validation of the stability models. 
The measured geometries listed in Table 1 were used in 
predictions. We cut Al7075 and use the following 
mechanistically identified cutting force coefficients: 𝐾𝐾t

c=824 
N/mm2,  𝐾𝐾𝑠𝑠

𝑐𝑐 =225 N/mm2, 𝐾𝐾𝑎𝑎
𝑐𝑐 =15 N/mm2, 𝐾𝐾𝑡𝑡

𝑠𝑠 =24 
N/mm,  𝐾𝐾𝑠𝑠

𝑠𝑠 =28 N/mm, 𝐾𝐾𝑎𝑎
𝑠𝑠 =2 N/mm. These were identified 

using a regular end mill.  
The proposed static force model was previously validated 

experimentally in [4, 9] and those results for forces in 𝐹𝐹𝑥𝑥 and 
𝐹𝐹𝑦𝑦 directions are reproduced in Fig. 2 for completeness. Results 
in Fig. 2 are for a 50% up-milling engagement condition with 
the feed at 0.05 mm/tooth/rev. Results with the trapezoidal 
profiled cutter are reported at 6000 RPM and with a depth of 
cut of 2 mm, whereas results for the inclined-circular  profiled 
cutter are reported at 3000 RPM and with a depth of cut of 2.7 
mm. Because cutting conditions for both cutters are different, 
a direct comparison between both is not possible, and that is 
separately discussed in Section 6. However, as is evident from 
Fig. 2, because model predicted and measured forces match 
well, the geometric models may be considered to be correct.  

 
Fig. 2. Comparison of modelled (solid line) and measured (dashed line) cutting 
forces for the standard trapezoidal profiled serrated cutter (top) and the non-
standard inclined-circular profiled serrated cutter (bottom).  

 
Fig. 3. Experimental setup to 
validate chatter stability predictions  

Table 2. Measured dynamics 

Modal 
parameters 

Cutter type 

Standard Non-
standard 

𝑓𝑓𝑥𝑥 (Hz) 604.5 596 

𝜁𝜁𝑥𝑥 (%) 1.7 1.76 

𝑘𝑘𝑥𝑥 (N/m) 1.68E+7 1.93E+7 

𝑓𝑓𝑦𝑦 (Hz) 603.7 617.5 

𝜁𝜁𝑦𝑦 (%) 1.67 1.21 

𝑘𝑘𝑦𝑦 (N/m) 1.49E+7 1.94E+7 

The experimental setup to validate stability is shown in Fig. 
3. The tools were mounted in a hydraulic tool holder and the 
stick-out from the holder’s face was kept at 68 mm in both 
cases. Dynamics were measured and exhibited only one 
dominant mode in each direction for each cutter. Since the 
semi-discretization method stability predictions rely on 
dynamics characterized by modal parameters, those were 
extracted from the measured dynamics using CutPro®, and are 
listed in Table 2.  

Stability was predicted using the model described in Section 
3 using the measured dynamics and the coefficients listed 
earlier. Full engagement cutting, i.e., slotting was considered 
and the feed was taken to be 0.05 mm/tooth/rev. Experiments 
were conducted to test the boundaries of stability. The stable 
cutting case was identified as that for which the FFT of the 
audio signal is dominated by the tooth passing frequency and/or 
its harmonics. The chatter case was flagged as that in which the 
FFT of the audio signal is dominated by a frequency close to 
the natural frequency of the tool. Results for both tools are 
shown below – Fig. 4(a) shows results for the standard cutter 
and Fig. 4(b) shows results for the non-standard cutter.  

 

Fig. 4. Experimental validation of chatter stability for (a) standard trapezoidal 
serrated cutter and (b) non-standard inclined-circular serrated cutter.  



 Pritam Bari  et al. / Procedia CIRP 101 (2021) 114–117 117
4 Bari et al./ Procedia CIRP 00 (2019) 000–000 

As is evident from Fig. 4(a), experiments at different speeds 
confirms the correctness of the model predictions. 
Representative spectra for a stable and unstable cutting 
condition shown within Fig. 4(a) confirm that for cutting at a 
speed of 6700 rpm and at an axial depth of cut of 1 mm, the 
spectra shows the tooth passing frequency of 335 Hz, whereas 
for cutting at the same speed at a higher depth of cut of 1.5 mm, 
the spectra contains a peak corresponding to the natural 
frequency of the system – confirming the presence of chatter.   

Similarly from Fig. 4(b) – which shows results for the non-
standard cutter, representative spectra for the stable cut at 8000 
RPM for a depth of cut of 4 mm only contains the tooth passing 
freqeucny of 400 Hz, and the spectra for cutting at the same 
speed, but at a higher depth of cut of 4.5 mm contains a 
dominant peak at ~599 Hz, which is near the mode of the tool. 
As is evident from Fig. 4(b), predicted stability boundaries are 
lower than the experimentally determined stability limits. Since 
the cutting force comparisons suggest that the geometric model 
for the non-standard profiled cutter is correct, these large 
discrepancies are thought to be due to potential uncertainties in 
correctly estimating the tool point dynamics – which needs to 
be addressed separately and appropriately.  

6. Comparisons of cutting forces and stability of standard 
and non-standard profiled serrated end mills 

This section discusses comparisons of simulated resultant 
cutting forces (𝐹𝐹𝑥𝑥𝑦𝑦 = √𝐹𝐹𝑥𝑥2 + 𝐹𝐹𝑦𝑦2) and stability limits for the 
trapezoidal cutter with the inclined-circular cutter. For 
comparisons herein, cutting conditions and dynamics for both 
cutters are assumed to be the same. For all comparisons herein, 
all geometric parameters for both cutters are kept same as 
reported in Table 1. The cutting force coefficients are also 
taken to be same as earlier.  

For force comparisons, 50% engagement up-milling cutting 
is considered at a speed of 6000 RPM with an axial depth of 
cut of 1 mm, and a feed of 0.05  mm/tooth/rev. For comparing 
stability, the same engagement conditions and feeds are 
considered. Since stability results presented in Section 5 were 
for cutters with different dynamics, to isolate the influence of 
serration geometry on stability, dynamics for both cutters are 
chosen arbitrarily to be the same as: 𝑓𝑓𝑥𝑥 = 𝑓𝑓𝑦𝑦 =600 Hz, 𝜁𝜁𝑥𝑥 =
𝜁𝜁𝑦𝑦 = 0.15, 𝑘𝑘𝑥𝑥 = 𝑘𝑘𝑦𝑦 = 6 × 106 N/m. Simulated cutting forces 
and stability boundaries for the same cutting conditions and for 
the dynamics of both cutters also being the same are compared 
in Fig. 5.  

From Fig. 5(a) we observe that the peak resultant force for 
the non-standard inclined-circular profiled serrated cutter is 8% 
lower than the standard trapezoidal profiled cutter. And, from 
Fig. 5(b), we see that the stability boundaries for both cutters 
are similar.  

 
Fig. 5. Comparisons of  (a) resultant forces and (b) stability limits for standard 
trapezoidal and non-standard inclined-circular profiled serrated cutters. 

These results for the stability with different serration 
geometries being the same are in line with what was also 
reported in [3], wherein it was also shown that for serrated 
cutters with optimized sinusoidal, circular, and trapezoidal 
profiles, and for cutters with uniform dynamics, the stability 
behavior is also the same.        

7. Conclusions and outlook 

The main objective of this work was to compare the cutting 
force and chatter-free stability behavior of a standard 
trapezoidal serrated cutter with that of a non-standard inclined-
circular serrated cutter. Geometric models for both cutters were 
first validated by comparing predicted forces and stability with 
measurements. While forces compare well, slight discrepancies 
in stability behavior for the non-standard cutter were observed, 
and that needs to be addressed appropriately.  

To isolate the influence of serration geometry on forces and 
stability, subsequent simulation-based comparisons that 
assume the same dynamics and cutting conditions for both 
cutters, we found that from the perspective of selection of 
cutters that preferentially reduce forces, the non-standard 
profiled cutter might make for a better choice, whereas, from 
the consideration of selecting cutters to maximize chatter-free 
stability limits, since both cutters exhibit similar stability 
behavior, any of the two cutters may be selected.  

Results herein suggest that even though the non-standard 
profiled serrated cutter marginally outperforms the standard 
profiled serrated cutter, there is clearly an opportunity to 
optimize serration geometries such as to help reduce process 
forces and maximize the potential for chatter-free cutting. This 
indeed forms part of our ongoing and planned future work.   
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