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Abstract— This study presents a control design for an active 
lathe cutting tool aimed at effectively suppressing vibration and 
chatter during internal turning operations. To address the 
variability in dynamic behavior caused by uncertainties in 
cutting parameters, a robust 𝑯ஶ controller was developed using 
a Linear-Parameter-Varying (LPV) model of the machining 
dynamics. This parametric approach allows real-time tuning of 
the control system properties in a workshop environment for 
optimal vibration reduction. The controller manages time-
delayed feedback from cutting forces and mitigates spillover 
instability from unmodeled high-frequency modes. Integrated 
with piezoelectric actuators and sensors, the active tool holder 
maintains its original size and shape, ensuring ease of use in 
industrial applications. Experiments using a laboratory system 
that emulates chatter showed that the proposed system reduces 
root-mean-square vibration levels by over 65%, with peak-to-
peak values reduced by approximately 47% in unstable cutting 
regimes. These results demonstrate the system’s feasibility for 
real-world machining environments, enabling higher material 
removal rates with improved surface finish. 

Keywords- Active vibration control; Chatter suppression; 
Internal turning; Linear parameter varying control; H-infinity 
control. 

I.  INTRODUCTION 

Machining processes are crucial in the production of high-
precision components, with the global machining market 
projected to reach approximately USD 100 billion by 2025, 
based on a Compound Annual Growth Rate (CAGR) of 7% 
between 2019 and 2025. CNC lathes represent around 20% of 
all machine tools, playing a significant role in modern 
manufacturing [1]. However, mechanical vibrations, 
particularly chatter, remain a persistent challenge in these 
processes. Chatter is a type of self-excited vibration that leads 
to poor surface finish quality, increased tool wear, and 
elevated noise levels. In Computer Numerical Control (CNC) 
lathes, avoiding chatter typically requires setting conservative 
values of machining parameters such as reduced cutting depth, 
slower spindle speeds, and decreased feed rates, all of which 
lower production efficiency [2]. 

Additionally, the avoidance of vibration problems in 
internal turning operations imposes limits on tool holder 
geometry. As the ratio between tool overhang and diameter 
(L/D, Length-to-Diameter ratio) increases, the stability 
margins decrease due to reduced bending stiffness [2]. This 

limitation restricts the length of standard tools, with current 
solutions ranging from L=4D to 14D depending on what 
materials and vibration control methods are used. For 
instance, the length of steel shank tools is limited to 4D, while 
solid carbide tools can reach 7D, and passive vibration-
controlled tools can achieve up to 10D. Solid carbide tool 
shanks with passive control devices can reach up to 14D [3].  

This study explores the significant potential of tool-
integrated active vibration control to reduce chatter in internal 
turning. We focus on the development of a robust LPV 
feedback control system, which is demonstrated and evaluated 
through a laboratory emulator system. The experimental setup 
incorporates a piezoelectric actuator, and a PZT-type 
vibration sensor mounted to a standard turning tool. The goal 
is to create a control system that not only enhances vibration 
suppression but also allows the flexibility of on-the-job tuning 
to optimize performance according to the setup conditions. 

Piezoelectric materials can operate as transducers in a dual 
manner: the direct piezoelectric effect involves the conversion 
of mechanical forces into electrical potential, while the 
inverse piezoelectric effect can convert an applied electric 
field into mechanical deformation of the material [4]. 
Piezoelectric components are widely used for active vibration 
suppression. Examples include vibration reduction of thin-
walled rotors [5][6], cables [7], composite laminated plates 
[8], aerospace applications [9], and research for CNC lathes 
[10][11]. 

Various active control approaches for suppressing 
vibrations in cutting tool holders have been studied and are 
still actively being researched. These include the use of PID 
controllers [12], H-infinity state feedback control strategies 
[10], H-infinity controller design based on Linear Matrix 
Inequalities (LMI) [13], model-free finite frequency 𝐻ஶ 
control [11], and input shaping control [14], among others. 
The model-based design of a robust control algorithm for 
vibration suppression in the turning process presents many 
challenges. In this work, the effect of parametric uncertainties 
and time-delay feedback—both inherent in machining 
processes—are taken into consideration. 

To address the uncertain dynamics, a robust parameter-
dependent 𝐻ஶ  controller is synthesized, where the 
robustness/gain properties can be adjusted in real-time within 
a workshop environment to achieve optimal vibration 
reduction, making it more practical in machining processes 
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subject to parametric uncertainty. The controller design 
considers uncertain time-delayed feedback effects from 
cutting forces and aims to prevent spillover instability of 
unmodeled and uncertain higher-order modes. Laboratory 
experiments conducted using a cutting emulation system 
demonstrate that the proposed approach can successfully 
transition the system from unstable to stable operation 
achieving a vibration reduction of approximately 65%. 

Within the paper, Section II defines the dynamic model of 
the active tool system and presents the methodology for 
designing the robust 𝐻ஶ  controller based on the LPV 
framework. Section III describes the experimental setup, 
followed by Section IV, which provides the practical 
evaluations and results from the turning emulation tests 
conducted in the laboratory. Section V concludes the paper 
with key findings and recommendations for future work.  

II. DYNAMIC MODEL 

This section presents the mathematical formulation and 
modeling approach used to describe the tool’s dynamic 
response during internal turning operations. 

A. Turning process model 

The internal turning process involves dynamic interactions 
between the tool structure and the rotating workpiece at the 
material removal point. Modeling principles for these 
dynamics have been established in previous studies [15][16]. 
For practical approximation, the forced excitation of the tool 
can be effectively modeled using a single-degree-of-freedom 
dynamic representation that captures the dominant bending 
mode of the tool holder. With the inclusion of actuation force, 
a lumped mass model is found to be suitable: 

 𝑚�̈�(𝑡) + 𝑐�̇�(𝑡) + 𝑘𝑥(𝑡) = 𝐾𝑢(𝑡) + 𝑓(𝑡) 

where 𝑓  represents the radial cutting force, 𝑢 is the control 
input (voltage), and 𝐾  is the coupling coefficient for the 
piezoelectric actuator. The parameters 𝑚, 𝑐 and 𝑘 denote the 
effective mass, damping, and stiffness of the dominant mode, 
respectively. Converting this expression into the Laplace 
domain gives: 

 𝑋(𝑠) = Φ(𝑠) ∙ ൫𝐾ଵ ∙ 𝑈(𝑠) + 𝐾ଶ ∙ 𝐹(𝑠)൯ 

where Φ(𝑠) =
ଵ

௦మାଶఠ௦ାఠ
మ  with 𝜔 = ඥ𝑘/𝑚  being the 

natural frequency, and 𝜁 = 𝑐 ൫2ඥ𝑘/𝑚൯⁄  the damping ratio. 
The static gains are 𝐾ଵ = 𝐾/𝑚 and 𝐾ଶ = 1/𝑚. 

To predict chatter, the cutting force model must connect 
the time-varying tool deflection 𝑥(𝑡) to the instantaneous chip 
thickness ℎ(𝑡)  and corresponding cutting force 𝑓(𝑡) . In 
longitudinal cutting, an overlap factor Ψ = 𝑏ௗ/𝑏 is used to 
account for the influence of previous tool deflections on the 
current chip thickness [17]. This concept is illustrated in 
Figure 1 for a standard bull-nose end cutter. The effective chip 
width 𝑏 is determined by the cutting-edge shape, while the 
overlap length 𝑏ௗ  depends on the feed per revolution. For 

small radial deflections 𝑥(𝑡), the instantaneous chip thickness 
can be expressed as: 

 ℎ(𝑡) = ℎ(𝑡) − [𝑥(𝑡) − Ψ𝑥(𝑡 − 𝜏)] 

where ℎ(𝑡) is the mean chip thickness over the width of the 
cut, and 𝜏  is the time delay from one period of spindle 
rotation: 𝜏 = 60/Ω where Ω is the rotational speed in rpm.   
The radial cutting force can be expressed 

 𝑓(𝑡) = 𝑓௧(𝑡) cos 𝛽 + 𝐶௦



�̇�(𝑡) 

where 𝑓௧(𝑡) = 𝐾௦𝑏ℎ(𝑡) is the cutting force projected onto 
the 𝑥 − 𝑦 plane, 𝛽 is the angle between the cutting force and 
radial direction, 𝐶௦  is the process damping, and 𝑉 = 𝜋𝑑Ω/
60  is the cutting velocity, where 𝑑  is the workpiece 
diameter, and 𝐾௦ is the specific cutting force appropriate to 
the material properties and cutting conditions. The turning 
process model is represented by the block diagram in Figure 
2, where 𝑒ିఛ௦ represents the time delay. 
 

 
Figure 1.  Schematic diagrams of internal turning process. 

 
Figure 2.  Turning process dynamics with active tool holder. 

B. Robust stability and controller synthesis for cutting 
processes with delayed feedback 

The optimization of the feedback control algorithm must 
balance high performance with avoiding excessive controller 
gain, which could lead to actuator voltage saturation, system 
instability, or noise amplification. Robust controller design 
must account for potential differences between the actual 
system dynamics 𝐺(𝑠) and the model transfer function 𝐺(𝑠). 
This can be represented by a multiplicative error factor Δ(𝑠) 
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such that 𝐺 = 𝐺 + Δ𝐺. When a bound for Δ is known or 
estimated, the small gain theorem can be used to ensure 
stability and performance of the closed-loop system. 

A key challenge is that model accuracy can vary 
depending on the tool setup, and precise determination of Δ, 
or its bounds, may not always be feasible. Additional 
uncertainty arises in the cutting force model due to factors like 
material hardness, cutting speed, and feed rate. Therefore, a 
systematic approach is needed to handle both model and 
cutting process uncertainties in the controller design. 

The system dynamics for controller synthesis are depicted 
in Figure 3, where the multiplicative model error (Δ) and the 
time-delayed feedback block (𝑒ିఛ௦) are treated as uncertain 
external feedback loops. The lumped parameter 𝜅 =
𝐾ଶ𝐾௦𝑏 cos 𝛽 𝐾ଵ⁄  is both uncertain and potentially time-
varying, depending on the current cutting conditions. 
Designing a controller for the maximum expected value of 𝜅 
may ensure suitability for the maximum depth of cut but could 
compromise robustness. Instead, a 𝜅-dependent controller is 
proposed, which can be tuned online to match system setup 
and cutting conditions. This synthesis is done using the gain-
scheduled 𝐻ஶ  framework, which requires the plant model's 
state-space matrices to have an affine dependency on the 
parameters, i.e., be in LPV form. The parameter 𝛿 =
𝐶௦ (𝑉 cos 𝛽 𝐾௦)⁄ , representing process damping is also 
uncertain; however, designing the controller for the smallest 
value of 𝛿  is appropriate as larger values increase damping 
and improve stability. 

The LPV control synthesis problem is defined by 
considering 𝑑  and 𝑥ఛ  as exogenous inputs, and 𝑓  and 𝑥  as 
outputs, as shown in Figure 3. The impact of Δ  and the 
delayed feedback (𝑒ିఛ௦) are handled using 𝐻ஶ  norm-bound 
criteria for robust stability [18, 19]. Three design 
specifications are defined: 
1. Robust Stability under Delayed Feedback: 
              ฮ𝑇௫௫ഓ

(𝐾 , 𝜅)ฮ
ஶ

< 1 ↔ ‖𝜅𝑇௫ௗ(𝐾 , 𝜅)‖ஶ < 𝛹ିଵ. 
2. Forced Disturbance Attenuation: 

ฮ𝑊ଵ𝑇௫
(𝐾 , 𝜅)ฮ

ஶ
< 1 ↔ ‖𝜅𝑊ଵ𝑇௫ௗ(𝐾 , 𝜅)‖ஶ < 1, 

where 𝑊ଵ(𝑠)  is a weighting function representing the 
disturbance spectrum. 
3. Robust Stability under Model Error (Δ):  

ฮΔ𝑇ௗ(𝐾 , 𝜅)ฮ
ஶ

< 1 ← ‖𝑊ଶ𝑇௨ௗ(𝐾 , 𝜅)‖ஶ < 1, 
where 𝑊ଶ(𝑠) is chosen to satisfy |𝑊ଶ(𝑗𝜔)| > |Δ(𝑗𝜔)| ∀ 𝜔. 

Since specification 2 with |𝑊ଶଵ(𝑗𝜔)| > Ψ ∀ 𝜔  is 
sufficient to achieve specification 1, all three can be unified 
into a single 𝐻ஶ norm-bound criterion. The block diagram for 
the weighted plant is shown in Figure 4. 

The LPV control synthesis can be formulated using LMIs, 
solvable through convex optimization techniques [20]. This 
formulation applies to systems with state-space equations in 
the general form: 

 �̇� = 𝐴(𝜅)𝑥 + 𝐵௪(𝜅)𝑤 + 𝐵௨𝑢 

 𝑧 = 𝐶௭(𝜅)𝑥 + 𝐷௭௪(𝜅)𝑤 + 𝐷௭௨𝑢 

 𝑦 = 𝐶௬𝑥 + 𝐷௬௪𝑤 + 𝐷௬௨𝑢 

where the matrices are affine in a parameter 𝜅  that varies 
within a fixed interval. The LPV controller solution (𝐴, 𝐵 , 
𝐶, 𝐷) is similarly parameter-dependent: 

 𝐾(𝜅) = [𝐴(𝜅), 𝐵(𝜅), 𝐶(𝜅), 𝐷(𝜅)] 

The controller is synthesized by solving the LMIs for the set 
of vertex systems, producing vertex controllers to form the 
parameter-dependent controller matrices. For this problem, 
the controller can be expressed as: 

 𝐾(𝜅) = 𝐾(𝜅) + 𝛼൫𝐾(�̅�) − 𝐾(𝜅)൯ 

where the scheduled parameter is 𝛼 = ൫𝜅 − 𝜅൯/൫�̅� − 𝜅൯ ∈
(0,1). Note that 𝛼 will be the adjustable parameter for 
the controller. 

 
Figure 3.  System definition for robust LPV control synthesis. 

 

Figure 4.  LPV plant definition with weighting functions. 

The multiplicative model error (as shown in Figure 5) was 
calculated based on the error between the single-degree-of-
freedom dynamic model (Eq. 1), obtained using the peak 
picking method for identifying the modal parameters of the 
first mode, and the FRF results from frequency response 
testing. Simultaneously, sensitivity calibration was performed 
around the first resonance frequency, converting from voltage 
units to meters by matching the piezoelectric bending sensor 
with the accelerometer data. The results of this stage are 
presented in Figure 6. The transfer function from the PEA 
input (in volts) to the PES measurement (in µm) was thus 
determined as: 

 𝐾ଵΦ(𝑠) =
(௦)

(௦)
=

భ

௦మାଵଶ௦ା(ଶగ×ସ)మ 
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where 𝐾ଵ = 4.161 𝜇𝑚/Vsଶ  and 𝐾ଶ = 2.575 𝜇𝑚/Nsଶ . For 
the tested design case, the maximum value of the force 
coefficient was set to  κത = 𝐾ଶ𝐾௦𝑏 cos 𝛽 𝐾ଵ⁄ = 0.22 V 𝜇𝑚⁄  
(based on 𝐾௦𝑏 = (7.5 × 10଼) × (1 × 10ିଷ) N/m  and 𝛽 =
15°).  
 

 
Figure 5.  Design weighting functions and model error. 

 
Figure 6.  Frequency response measurements from sine-sweep tests with 
PEA excitation, alongside model-based data for comparison (after tuning). 

To align with the robust stability condition outlined in 
design specification 1 and to reduce the complexity of the 
synthesis process, 𝑊ଵ(𝑠) was selected as a flat weighting with 
a unity gain scaling. In contrast, 𝑊ଶ(𝑠) was chosen to bound 
the model error for 𝐺(𝑠) , based on the FRF measurement 
results. 

The transfer functions used for robust LPV control 
synthesis, along with the vertex LPV plant models, are shown 
in Figure 7. The design results demonstrate that the approach 
enables real-time tuning of a critical parameter, allowing 
adjustment of the trade-off between achieving high 
performance and avoiding excessively large controller gains. 

 
Figure 7.  Transfer functions for robust LPV control with vertex plant 

models. 

III. EXPERIMENTAL SYSTEM 

The active tool system, shown in Figure 8, was constructed 
using a commercially available internal turning tool holder 
(model S32T-MCLNL12 from K. CUTTER), measuring 300 
mm in length with a 32 mm diameter. Actuation was achieved 
through two multilayer piezoceramic stacks (model P-888.31 
from PI Ceramic GmbH), each measuring 10 × 10 × 17 mm, 
with a nominal displacement range of 11 μm and a blocking 
force of 3500 N. To ensure proper dynamic operation, a 
preload of 15 MPa was applied via a wedge mechanism with 
a preload screw. The actuator slots were machined near the 
clamping area, resulting in an overhang of 180 mm and an L/D 
ratio of 5.625. 

A piezoelectric patch sensor (model P-876.SP1 from 
Physik Instrumente (PI) GmbH) was installed to measure 
longitudinal strain, which correlates with radial bending of the 
tool holder, and was positioned near the actuators. For sensor 
calibration, an IEPE accelerometer (model CA-YD-1181 
from Sinocera) was mounted near the tool insert in the radial 
direction. 

The experiments utilized a cutting force emulator system 
in a laboratory hardware setup of the tool, as shown in Figure 
8. The control block diagram is depicted in Figure 9. The setup 
included two main real-time subsystems: one for chatter force 
emulation and the other for active vibration control. Chatter 
emulation was performed using an electromagnetic actuator 
powered by an Escon 24/2 amplifier from Maxon Motor, 
operating in current control mode. The pair of piezoelectric 
actuators were driven differentially using two piezo amplifiers 
(model E-617 from PI Ceramic GmbH). 

Data acquisition and control were managed using a real-
time target machine from Speedgoat, equipped with an IO397 
analog input/output card. Both the control algorithm and 
chatter emulator were implemented in Simulink and 
MATLAB. A High-Pass Filter (HPF) with a cutoff frequency 
of 30 Hz was applied to prevent the controller from 
compensating for quasi-static measurements. Additionally, a 
real-time user interface enabled online adjustment of 
controller parameters. The upper part of Figure 9 shows the 
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chatter emulator, which incorporates chip processing 
parameters and simulates the chatter force using the 
electromagnetic force driven by the current amplifier. 
 

 
Figure 8.  Experimental setup. 

 
Figure 9.  Block diagram of experimental implementation hardware. 

IV. EXPERIMENTAL RESULTS 

Turning emulation experiments were conducted using the 
experimental setup (Figure 8). The gain-scheduled 𝐻ஶ 
control law was synthesized using MATLAB. To demonstrate 
the control effectiveness in a laboratory setting, several key 
results are presented here. Figure 10 shows the measured FRF 
of the internal cutting tool for the uncontrolled case, along 
with three cases using robust LPV control with the two vertex 
models and one interpolation case. The results support the 
design and demonstrate that high damping was achieved in the 
system's resonant frequency range. 

Time-domain results from the chatter emulator are shown 
in Figure 11 for three different cases: Case 1 (red) and Case 2 
(black) represent unstable machining conditions without and 
with control, respectively. Case 3 (blue) represents stable 
machining parameters without control. Table 1 presents 
quantitative measures for these cases and an additional Case 4 
(without the chatter emulator), which yields results similar to 
Case 3, thereby confirming the absence of chatter in Case 3. 
The results show approximately a 65% reduction in chatter 
vibration (in terms of Root-Mean-Square, RMS value) and 
about a 47% reduction in the peak value. The value of the 
dynamic chatter force (𝑓) also decreases from Case 1 to Case 
2 due to the reduction in the chip thickness parameter 
(emulated), where PEA is a piezoelectric actuator and PES is 
a piezoelectric sensor. Quantitative and comparative results 
with and without control in an internal turning machine were 

validated in a subsequent study [21], demonstrating 
improvements consistent with the trends observed here under 
laboratory conditions with the emulator. 
 

 
Figure 10.  Measured FRF for LPV control with vertex models. 

TABLE I.  QUANTITATIVE MEASURES 

Parameter Case 1 Case 2 Case 3 Case 4 Units 

PES(rms) 1.82 0.63 0.383 0.379 µm 

PES(max) 5.88 3.10 0.910 0.855 µm 

fc (rms) 9.34 2.87 0.157 0.000 N 

fc(max) 29.68 13.77 0.633 0.000 N 

Control(rms) 0.00 0.32 0.000 0.000 V 

Control(max) 0.00 1.19 0.000 0.000 V 

 

 
Figure 11.  Experimental results for emulator turning: (red) case 1: unstable 
cutting regime without control, (black) case 2: control applied in unstable 

cutting regime, (blue) case 3: stable cutting regime withought control. 
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V. CONCLUSIONS 

This study investigated the effectiveness of a robust gain-
scheduled 𝐻ஶ  control strategy for suppressing chatter in 
internal turning processes. Experimental validation using an 
emulator setup showed that the proposed controller 
significantly reduced vibrations in the system’s unstable 
operating region, achieving a reduction of approximately 65% 
in RMS values and 47% in peak values of chatter forces. 
These results confirm the practical feasibility of the tunable 
real-time controller in machining environments, including 
adaptation to varying cutting conditions. 

The research emphasizes the importance of addressing 
both model uncertainties and time-delayed feedback in 
controller design. By employing LPV control synthesis with 
vertex models, the system could maintain robust performance 
across different machining setups, effectively mitigating 
instability without compromising operational efficiency 

Future work will focus on validating the control design 
through practical turning experiments in a workshop 
environment. Additionally, the control algorithm will be 
extended to more realistic scenarios, such as when the turning 
tool is connected to CNC machines at varying lengths, causing 
changes in resonance frequency. This extension will further 
enhance the adaptability and effectiveness of the control 
strategy in industrial applications. 
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