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This paper investigates the thermal behavior of intermittent diamond grinding under conditions of
automated control of the tool-workpiece contact structure and energy input intensity. The grinding process is
modeled as a closed nonlinear dynamic system with logical switching, in which contact intermittency is formed
in real time based on the thermal state of the grinding zone and adaptive correction of the normal grinding force.

Numerical simulations show that in the absence of control the contact-zone temperature increases
monotonically and, for the adopted parameters, approaches a steady-state value of approximately 76 °C,
exceeding acceptable thermal limits. Implementation of a single-channel temperature-based control results in
the formation of a stable thermal limit cycle between 45 °C and 58 °C, with a temperature oscillation amplitude
of 12-13 °C and an average cycle period of 4-5 s. In this mode, the mean process temperature is reduced by
approximately 10-12% compared to uncontrolled grinding; however, the temperature remains above 90% of
the upper admissible limit for 20-25% of the total processing time.

The proposed dual-channel control strategy, combining temperature-based contact intermittency with
adaptive adjustment of the grinding force, leads to a pronounced modification of the thermal dynamics. Peak
temperatures are reduced by 3-4 °C relative to the single-channel mode, the thermal cycle amplitude
decreases to 6-8 °C, and the mean temperature is further reduced by 5-8%. The fraction of time during which
the temperature remains close to the upper allowable limit is more than halved and does not exceed 8-10%.

Quantitative analysis of the contact time structure reveals that the contact duty ratio decreases from
0.60-0.65 in the temperature-controlled mode to 0.3-0.4 under dual-channel control, while the switching
frequency is reduced from 0.35-0.40 Hz to 0.25-0.30 Hz. This indicates the formation of a less intensive and
more uniformly distributed energy input over time. The results demonstrate that adaptive contact
intermittency, treated as an active control variable rather than a fixed kinematic feature, provides an effective
means of reducing thermal loading and improving thermal stability in intermittent diamond grinding without
the use of external cooling.

Keywords: diamond grinding; intermittent grinding; automated process control; thermal state; contact
intermittency; numerical simulation.

Eq. 6. Fig. 2. Ref. 8.

1. Problem formulation

Diamond grinding is one of the most energy-intensive abrasive processing processes, in which a
significant part of the mechanical power is converted into heat in the contact zone "wheel-workpiece". Excess
heat generation leads to a deterioration in surface quality, initiates thermal defects in the form of burns and
microcracks, accelerates tool wear and reduces process stability. The generalized results of the studies show
that it is the thermal state that determines the limiting operating modes of the grinding wheel and the
productivity of the process [1, 7].

Classical and modern theoretical concepts of grinding emphasize the crucial role of thermal processes
in the formation of cutting forces, energy consumption and conditions of thermal damage to the treated surface.
The limitations of permissible modes are determined not only by the geometry of the contact, but also by the
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intensity of heat generation and the ability of the system to remove heat, which is especially critical for hard
and brittle materials [2, 5].

A separate practical difficulty is the conditions under which the use of intensive cooling is technologically,
environmentally or operationally limited. In such cases, the importance of methods for reducing peak temperatures
by structural means increases, in particular by controlling the temporal organization of contact between the tool and
the workpiece. Intermittent grinding is considered an effective approach to thermal stabilization of the process due
to the alternation of heating and thermal relaxation phases [3, 4].

Thus, the task of automated control of intermittent diamond grinding by temperature and dynamic state
is directly related to important practical tasks of improving the quality of processing, tool life, and reliability
of abrasive processes in modern mechanical engineering.

2. Analysis of recent research and publications

The fundamentals of the theory of grinding, including the description of heat generation, heat flux
distribution and conditions of thermal damage to the surface, are considered in detail in works devoted to the
modeling and analysis of abrasive machining processes. These studies show that thermal phenomena are
decisive for the formation of surface quality and tool wear [1, 2].

A significant body of work is devoted to intermittent grinding as a method of reducing cutting
temperature. In particular, it has been established that optimization of contact discontinuity parameters, such
as the number of contacts of working protrusions and the ratio of the lengths of the "protrusion-recess", can
lead to a significant decrease in the temperature in the contact zone without reducing productivity [3].

In parallel, a research direction devoted to dry and highly efficient grinding is developing, in which it
has been proven that the structural organization of contact and energy input control can partially compensate
for the lack of coolant [4, 8].

A separate class of works focuses on the dynamic aspects of grinding, in particular on regenerative
oscillations in processes with loss or self-interruption of contact. It has been shown that intermittency
significantly changes the conditions for the formation of regeneration and the time parameters of the feedback,
which directly affects the dynamic stability of the process [6].

Modern review publications emphasize the need to integrate process models with automated control and
monitoring systems, which allows moving from empirical selection of modes to adaptive control of abrasive
processing [1].

Despite the existence of thorough studies of thermal processes in grinding and a significant body of
work devoted to dynamic stability, these areas are mostly considered separately in the scientific literature.
Classical thermal models are based on stationary or quasi-stationary contact modes and do not take into account
the variable time structure of the tool-workpiece interaction inherent in intermittent grinding [2, 5].

On the other hand, works on the analysis of regenerative oscillations in processes with self-interruption
of contact demonstrate a significant impact of contact loss on the conditions for the formation of oscillations,
but are mainly analytical and descriptive in nature and are not focused on the synthesis of control effects that
would use discontinuity as an active tool for process stabilization [6].

A separate unresolved issue remains the formalization of the interaction of thermal and dynamic
circuits in the tasks of automated control of intermittent diamond grinding. Although modern reviews indicate
the prospects of a systemic and multiparametric approach to abrasive machining control, consistent
mathematical models of closed control loops that combine temperature and dynamic process states remain
underdeveloped [1, 3].

This article is aimed at filling this gap, which determines its scientific novelty and relevance.

3. The purpose of the article

The objective of this study is to develop and validate a mathematical model for automated dual-channel
control of intermittent diamond grinding, in which the thermal and vibrational states of the process are used to
generate control signals aimed at ensuring thermal stability and limiting the development of regenerative
oscillations without the use of intensive external cooling.

4. Results and discussion

The process of intermittent diamond grinding is considered as a non-stationary dynamic system in
which the contact between the tool and the workpiece has a controlled temporal character. To formalize this
feature, a control contact function is introduced.
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u(t)e{0,1}, @

where u(t) = 1 corresponds to the phase of active grinding, and - u(t) = 0 the pause phase, during
which there is no contact. Thus, the discontinuity of contact is considered as a direct controlling influence on
the process.

The study analyzes three operating modes of the system, which are subsequently used to interpret the
results of numerical modeling and graphical constructions:

1. mode A (without control) — continuous contact between the wheel and the workpiece, u(t)=1, the
pressing force is constant;

2. mode B (temperature control) - controlled contact discontinuity is formed based on temperature
thresholds, the pressing force remains constant;

3. mode C (dual-channel control) — controlled contact intermittency is combined with adaptive
correction of the pressing force based on vibration.

The thermal state of the grinding zone is described by a generalized heat balance model of the
concentrated type:

dr (t):_T(t) THaeK +KTU(t)F(t), (2)
dt T,

where T'(t) — temperature in the contact zone "circle-workpiece"; T,... — ambient temperature; zr — constant
of thermal inertia of the system, which takes into account the heat capacity of the tool and workpiece; Ky — coefficient
of conversion of mechanical energy into heat; F(t) — force of pressing the wheel against the workpiece.

The first component on the right-hand side of the equation describes heat dissipation and temperature relaxation,
while the second determines the intensity of heat release, which occurs only in the contact phase. (u(t) = 1).

The dynamics of regenerative oscillations is described by the equation of motion taking into account
the delay characteristic of grinding processes:

my(t)+cy(t)+ky(t)=u(t)G[ y(t)-y(t-1)], ©)
where y(t) — normal deviation of the tool; m —the reduced mass of the machine tool-tool-workpiece
systemy»; ¢ — damping coefficient; k —equivalent stiffness; G — regenerative feedback coefficient; t — effective
delay related to grinding kinematics.

Multiplier u(t) reflects the physical fact that the regenerative mechanism of oscillations is realized
only in the presence of direct contact between the tool and the workpiece. In the pause phases, when there is
no contact, the regenerative feedback is broken, which leads to a weakening of the conditions for the
development of self-excited oscillations and contributes to the dynamic stabilization of the process.

To quantitatively assess the dynamic state of the process, a vibration characteristic is introduced in the
form of a moving mean square amplitude:

A(t)=4/§ [ v(ee, (@)

where y(§) — normal deviation of the tool relative to the workpiece at a point in time &; & — time
integration variable; At — the averaging interval, which determines the time window for evaluating the
vibrational state.

The value A(t) is used as an indicator of approaching dynamic instability and is an information variable
of the second control channel.

The formation of the temperature control channel is carried out according to the relay law with hysteresis:

0,T(t)=T,,
u(t)= (5)
LT(t)>T,
where Ty i TL — upper and lower permissible temperature thresholds. This law ensures the limitation
of the maximum temperature and the formation of a stable limiting thermal cycle.
The second control channel implements the correction of the pressing force depending on the vibration
state:

F(t)=sat(F,-K,[A()-A,,] ), (6)
where Fo — nominal pressing force; Ka — the sensitivity coefficient of the vibration channel, which sets
the intensity of the decrease in the pressing force with increasing vibration activity; A,.. — permissible vibration
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level; [-]+ — negative truncation operator; sat(-) — saturation operator, which takes into account the physical
limitations of the actuators.

The saturation operator limits the pressing force within the permissible interval, ensuring, on the one
hand, the preservation of contact between the tool and the workpiece, and on the other hand, preventing
overloading of the tool and the machine system.

The coordination of the thermal and dynamic subsystems through the control variables u(t) and F(t)
forms a closed nonlinear system with logical switching, which creates a formal basis for the analysis of
automated control of intermittent diamond grinding. Within the framework of this model, three control modes
are considered, which differ in the principle of forming contact discontinuity and the level of energy input into
the grinding process, and therefore lead to different thermal modes in the contact zone.

The impact of the selected control modes is assessed using graphical dependencies obtained by numerical
integration of the system of differential equations of the thermal and dynamic subsystems. At each time step, the
formation of control influences, calculation of the temperature in the contact zone and updating of the system
state variables were sequentially carried out, which ensures the correct reproduction of transient and steady-state
processes in controlled modes. To ensure comparability of results, numerical modeling in all modes was
performed with a single set of parameters and under the same initial conditions: the initial temperature was taken
T(0)=T..x=20 °C, the nominal pressing force is F0=10 N, and the dynamic subsystem was initiated by a small
initial disturbance, which corresponds to the real conditions for starting the grinding process.

The thermal subsystem was described by a first-order model with a constant thermal inertia zr=8 s and
heat release coefficient Kr=0,70. Such values correspond to the characteristic time scale of heating and cooling
of the contact zone "diamond wheel-workpiece" under dry grinding conditions and ensure the formation of
distinct thermal regimes. The temperature control channel is implemented by a relay law with hysteresis,
parameterized by thresholds T, =45 °C and Tw=58 °C, which allows to limit the maximum temperature and
form a stable cyclic mode without excessively frequent switching.

The dynamic subsystem was modeled as a weakly damped oscillatory system with a reduced mass m=1
kg, a natural frequency of about 25 Hz and a relative damping ¢=0.05. The effective delay of the regenerative
feedback 1=0.22 s is consistent with the kinematics of the process and takes into account inertial and delayed effects
that affect the formation of the dynamic state when the contact conditions change. The second control channel is
parameterized by the permissible level of the dynamic characteristic As»=0,015 and the sensitivity coefficient
Ka=180; the correction of the pressing force was limited to the interval Fnin=6 H...Fna=12 H, which ensures that
contact between the tool and the workpiece is maintained and that both control circuits operate in harmony.

Numerical integration was performed with a step At=0.1 s on the interval tmax=40 s, which is sufficient
for correct reproduction of slow thermal dynamics and controlled contact switching.

The temperature dependences shown in Figure 1 illustrate the fundamentally different thermal behavior of the
process in the considered control modes. In the mode without control, the temperature increases monotonically and
during the simulation approaches a steady level of about 76 °C, which exceeds the permissible limits by 15-20%. In
the temperature control mode (mode B), the average temperature decreases by approximately 10-12%, while a stable
limit cycle is formed with an amplitude of temperature fluctuations of about 10-12 °C and an average period of 4-5s.
The maximum temperature values exceed the upper threshold by no more than 1-1.5 °C, which is due to the discrete
implementation of relay control and the final integration step.

80 5

temperatare  °C

0 5 100 15 20 25 30 35 40 45
time s

mode 4 mode B mode ¢

Fig. 1. Temperature dynamics in the contact zone during intermittent diamond grinding for different
control modes
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In the two-channel control mode (mode C), the cyclical nature of the temperature dynamics is
preserved, but the peak temperature values decrease by an average of 3—4 °C, and the amplitude of the
temperature cycle decreases to 6-8 °C. At the same time, the temperature cycle period increases by
approximately 20-30%, which indicates a decrease in the intensity of heat release in the phases of active
contact due to adaptive correction of the pressing force by the second control channel. The analysis of the time
the temperature stays near the upper permissible threshold is particularly indicative: in the temperature control
mode, this time is about 20-25% of the total duration of the simulation, while in the two-channel mode it is
reduced by more than half and does not exceed 8-10%, which indicates a significant decrease in the thermal
intensity of the process.

The temporal structure of the contact between the diamond wheel and the workpiece, determined by
the control function u(t) (Fig. 2), is one of the key characteristics of the automated intermittent grinding
process. Its generalized quantitative assessment is expedient to perform using the contact filling factor, which
reflects the fraction of the time of the active grinding phase. According to the results of numerical simulation
in the temperature control mode (mode B), the contact filling factor is approximately 0.60-0.65, which
corresponds to a relatively uniform alternation of contact and pause phases, due exclusively to the thermal
inertia of the system and a fixed heat release intensity.

l -

Control function uf(t)

0 T L\ T v T 4 —r T
0 5 10 15 20 25 30 35 40 45

time, s.

—Inode B mode

Fig. 2. Controlled discontinuity of contact between the diamond wheel and the workpiece under
different control modes

In the two-channel control mode (mode C), the contact filling factor decreases to 0.3-0.4, which is
associated with a decrease in the heating rate of the contact zone due to the correction of the pressing force. At
the same time, the switching frequency between the contact and pause phases decreases: if in the temperature
mode it is about 0.35-0.40 Hz, then in the two-channel mode it decreases to 0.25-0.30 Hz. This means that
the contact discontinuity in mode C becomes less frequent, but more energetically “soft”, which reflects the
adaptive nature of the control and the coordinated action of the thermal and energy circuits.

The time implementations of the contact control function, shown in Figure 2, clearly confirm these
differences: in mode B, the discontinuity has a regular, almost periodic nature, while in mode C, the switching
moments are shifted in time and become variable due to changes in the intensity of heat release.

Thus, the quantitative indicators of the temporal structure of the contact and the integral thermal
characteristics are consistent with the temperature dependences shown in Figure 1 and confirm that the dual-
channel control provides not only a limitation of the maximum temperature, but also a reduction in the average
thermal load and the time the process spends in critical temperature zones. This justifies the feasibility of using
adaptive formation of contact discontinuity as an effective tool for thermal stabilization of the diamond
grinding process.

5. Conclusion
As a result of the conducted research, the possibility of effective thermal stabilization of the process
of intermittent diamond grinding was substantiated by automated control of the time structure of the tool
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contact with the workpiece and the intensity of energy input. It was shown that considering the process as a
closed nonlinear dynamic system with logical switching allows us to adequately describe the characteristic
modes of heating and thermal relaxation in the grinding zone and to study the influence of control influences
on the integral thermal characteristics.

Numerical modeling confirmed that single-channel temperature control ensures the formation of a
stable limiting thermal cycle and limiting the maximum temperature, but is accompanied by a relatively high
contact filling factor and a significant time of the process near the upper permissible temperature level. The
introduction of two-channel control, in which the correction of the pressing force is consistent with the
temperature state of the process, leads to a noticeable change in the structure of the thermal cycle: a decrease
in peak temperatures, a decrease in the average thermal load and a reduction in the time of residence in critical
temperature zones by more than two times. This creates favorable conditions for reducing the thermal stress
of the tool and increasing the stability of the machining process.

Quantitative analysis of the time structure of the contact showed that two-channel control leads to a
decrease in the contact filling factor and a decrease in the frequency of switching between the contact and
pause phases. At the same time, the contact discontinuity becomes adaptive and ceases to be only a
consequence of the thermal inertia of the system, turning into an active control mechanism for redistributing
energy input in time. The results obtained confirm that it is the coordinated action of the temperature and
energy control loops that provides a more “soft” thermal regime compared to the single-channel approach.

The scientific novelty of the study lies in the development and computational substantiation of a two-
channel mathematical model of automated control of intermittent diamond grinding, in which the contact
discontinuity is considered not as a fixed kinematic feature, but as an adaptive control variable, consistent with
the thermal state of the process and the intensity of energy input. Unlike traditional approaches, the proposed
model allows quantitatively linking the temporal structure of contact with integral thermal parameters and
assessing the effectiveness of control over the parameters of the thermal cycle. Prospects for further research
in this direction are associated with the experimental identification of model parameters for specific types of
diamond wheels and workpiece materials, as well as with the expansion of the model taking into account the
spatial heterogeneity of the temperature field in the grinding zone. It is also advisable to study the influence of
controlled contact discontinuity on tool wear and the quality of the machined surface, as well as the integration
of the proposed approach with multi-sensor monitoring systems to build more universal algorithms for adaptive
control of abrasive processing.

References

1. Brinksmeier, E., Aurich, J. C., Govekar, E., Heinzel, C., Hoffmeister, H.-W., Klocke, F., Peters, J.,
Rentsch, R., Stephenson, D. J., Uhlmann, E., Weinert, K., & Wittmann, M. (2006). Advances in
modeling and simulation of grinding processes. CIRP Annals — Manufacturing Technology, 55(2), 667—
696. https://doi.org/10.1016/j.cirp.2006.10.003 [in English].

2. Guo, C., & Malkin, S. (1999). Thermal analysis of grinding. Journal of Manufacturing Science and
Engineering, 121(3), 493-501. https://doi.org/10.1115/1.2830378 [in English].

3. Novikov, F. (2023). Optimisation of interrupted grinding parameters according to the temperature
criterion. Cutting & Tools in Technological Systems, 98, 59-72. https://doi.org/10.20998/2078-
7405.2023.98.07 [in English].

4. Tawakoli, T., Westk&mper, E., & Rabiey, M. (2007). Dry grinding by special conditioning. International
Journal of Advanced Manufacturing Technology, 33, 419-424. https://doi.org/10.1007/s00170-006-
0465-2 [in English].

5. Klocke, F., Brinksmeier, E., & Weinert, K. (2005). Capability profile of hard cutting and grinding
processes. CIRP Annals — Manufacturing Technology, 54(2), 22-45. https://doi.org/10.1016/S0007-
8506(07)60018-3 [in English].

6. Yan, Y., Xu, J., & Wiercigroch, M. (2016). Regenerative chatter in self-interrupted plunge grinding.
Meccanica, 51, 3185-3202. https://doi.org/10.1007/s11012-016-0457-3 [in English].

7. Dimla, D. E., & Lister, P. M. (2000). On-line metal cutting tool condition monitoring. International
Journal of Machine Tools and Manufacture, 40(5), 739-768. https://doi.org/10.1016/S0890-
6955(99)00051-6 [in English].

8. Aurich, J. C., Herzenstiel, P., Sudermann, H., & Magg, T. (2008). High-performance dry grinding using
a grinding wheel with defined grain pattern. CIRP Annals — Manufacturing Technology, 57(1), 357—
362. https://doi.org/10.1016/j.cirp.2008.03.120 [in English]

78



TexHika, eHepreTHka,
Nel(132) /2026 TpaHcnopt AIIK

P Technology, energy,
~ ISSN: 2520-6168 Vol. 132,Ne 1 /2026 agriculture transport AIC

ABTOMATH30BAHE JIBOKAHAJIBHE KEPYBAHHS TIEPEPUBYACTUM AJIMA3ZHUM
IJII®YBAHHSM 3A TEMIIEPATYPHUM I BIGPAIIIHHUM CTAHOM

Y yili cmammi 0ocnioxceno mennogy nogediHKy nepepusuacmozo aimMazHo2o Wii)y8anHs 8 ymoeax
a8mMomMamu308aH020 KePYBAHH CIMPYKMYPOI0 KOHMAKMY iIHCMPYMEHMA i3 3a20MOBKOI0 Md iHMEHCUBHICIIO
niogsedenns ewnepeii. Ilpoyec winighyeanus 3mMo0enbOBAHO AK 3AMKHEH) HENIHIUHY OUHAMIYHY cucmemy 3
JIO2IYHUM NEPEeMUKAHHAM, V AKill nepepusuacmicmes KOHMAaKmy (OpMYEMbCA 8 peaibHOMY 4aci HA OCHOBI
MEeNnI08020 CHAHY 30HU WI(Y8AHHA MA A0ANMUBHOI KOPEKYIl HOPMATbHOL CUU WTIQYBAHHSL.

Yucenvre M00ent08anHs NOKA3AN0, WO 3d 8IOCYMHOCMI KePYBAHHS MeMNepamypa 6 30Hi KOHMAKmy
MOHOMOHHO 3POCMAE T 01 NPULIHAMUX NAPAMEMPI6 HADIUNCAEMbC 00 YCMANEeH020 3HaueHHs o1u3bko 76 °C,
nepesuwylouu 0onycmumi mennogi meodci. Peanizayis 0OHOKaHANbHO20 Kepy8aHHA 3d MeMNepamypor
npueooUms 00 (oOpMy8aHHs CMIlIKO20 MENI08020 SPAHUYH020 YUKy 6 medxcax 45-58 °C, 3 amniimydoio
memnepamypHux konusaws 12—13 °C ma cepedHim nepiooom yuxny 4-5 c. ¥ yvomy peoswcumi cepeous
memnepamypa npoyecy 3Huxcyemoca npubnuszno Ha 10—12 % nopieHAHo 3 HeKepo8aHUM WLNiQ)y8aHHAM, 0OHAK
memnepamypa 3anuwaemocs euwe 90 % 6i0 eepxuvoi donycmumoi meoici npomsieom 20-25 % 3azanvrozo
yacy obpooku.

3anpononosana OsoxkananbHa cmpamezis KepyS8aMHs, SIKA NOEOHYE MeMNepamypHe pezyir08aHHs
nepepusuacmocmi KOHMaxmy 3 a0anmueHUM pe2yTio8aHHAM CUNU WITIYEaHHs, NPUGOOUmMb 00 CYMMESOT
3miHy mennogoi ounamixu. Ilikoei memnepamypu 3menwytomocss Ha 3—4 °C nopigusano 3 0OHOKAHATLHUM
DPENCUMOM, aAMNIIMYOd Menio8o20 YUKy 3nudxcyemocs 00 6—8 °C, a cepedna memnepamypa 000amKo80
smeHuwyemoca we Ha 5—8 %. HYacmka wacy, npomsecom aK020 memMnepamypa 3aiuaemvcs OauU3bKo 00
8EPXHBLOI OONYCIMUMOT MeCT, CKOpoUyeEmbest binbut Hidic YOsiui i He nepesuuye 8—10 %.

Kinvkichuii ananiz cmpykmypu uacy KOHMAKmMy HOKA3YE, W0 KOepiyicHm 3an08HeHHS KOHMAKMY
smeHuyemovca 3 0,60-0,65 y pescumi memnepamyprozo xkepysarnus 00 0,3—0,4 3a 080KaHaAIbHO20 KepyBaHHS,
mooi siK uacmoma nepemuxans snudxcyemocs 3 0,35-0,40 I'y 0o 0,25-0,30 I'y. Le ceiouumsv npo ghopmysaris
MeHUul IHMeHCU8HO20 U Oilbll PIBHOMIDHO pO3NOO0INIEH020 8 uaci eHepeemuunozo 6naugy. Ompumari
pe3yibmamu  0eMOHCMPYIOmMb, WO A0ANMUEHA NePepusqacmicms KOHMAKMY, pO32iaHyma [K aKMUBHA
Keposana 3MiHHA, a He AK (HiKcosana KiHeMamuuHa o0COOMUBICb, € eeKMUBHUM 3AC0O00M 3HUNCEHHS.
MENI068020 HABAHMANICEHH MA NIOGUIYEHHS MeNnio8oi cmabitbHOCMI NpU Nepepusuacmomy aimasHomy
winighysani 6e3 GUKOPUCMAHHS 306HIUUHBO20 OXOA00HCEHHS.

Krouosi cnosa aivasme witighyeants, nepepugyacme WIIQhY8anHs, aBMOMAMU308aHe KEPYBAHHS NPOUECOM;
MenI08ULl CMak,; NEPepUBHACHIICITb KOHMAKIY, YUCETbHe MOOETIOBAHHSL.
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