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MECHATRONIC CLAMPING MECHANISM WITH ELECTRO-HYDRAULIC
ACTUATOR FOR MACHINE SPINDLE UNITS

The design of the clamping mechanism for fixing workpieces and tools in the spindle assemblies
of machines that is equipped with an additional subsystem to provide the possibility of programmable
settings to the required clamping force is presented. The electronic unit and electromechanical energy
converters provide the possibility of reconfiguration by reprogramming the clamping mechanism
according to the different tasks comparatively easily. The obtained results help to expand the
functionality of clamping mechanisms, and consequently the functionality of machine tools and their
technological flexibility.
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Introduction and problem statement. There is a trend in the development of the new machines
generation where an increasing number of functions are transferred from mechanical components to
intelligent. This tendency forms the basis for the creation of new machine control systems and
enhances the possibility usage of information technologies in technical spheres. Electronic and
electromechanical units can be reprogrammed according to the different tasks comparatively easily
[1]. This helps to expand the functionality of machine tools and their technological flexibility.
Simultaneously with the development of technologies, components of machine tolls that run in
different types of energy and have different physical nature, such as mechanical, electrical,
electromechanical, electronic, information etc, are merging gradually into a single structure [2].
Devices like that are able to perform movements of executive-level elements (final control elements)
autonomously without connection with an upper-level control system in a technological machine due
to the implemented computing processors into their structures [3].

Mechanisms for fixing workpieces and tools in spindle assemblies of modern machines need
possibilities of optimal adjustment in accordance with the machining requirements, as well as the
possibility of effective readjustment for providing technological flexibility. In particular, it is an
important task to clamp objects made of materials with unique characteristics, and with diameters and
magnitudes of their deviations different from their nominal values, providing nominal characteristics
of clamping. The use of electric energy converters instead of their mechanical functional analogues in
the components of technological machines allows achieving a number of advantages associated with a
wide range of control and adjustment. There are designs of clamping mechanisms for fixing
workpieces and tools in the spindle assemblies of machines that are equipped with additional
kinematic chains and systems to provide the effect of self-adjustment on the diameter of the object for
clamping [4].

There are known devices for clamping workpieces, which are installed in the spindle assemblies
of metalworking machines and provide stabilization of the clamping force, even when the deviations
of workpieces diameter relative to their nominal size are increased. An example of such a device is the
device for clamping a workpiece with the shape of a rod [5], containing the conical sleeve, levers that
are kinematically connected to the movable sleeve, the disk and the nut mounted on the drawetube
(drawbar in form of a tube). The clamping mechanism is equipped with spring-loaded wedges with
chamfers at the ends and the cylinder with the conical flange at one end of the inner surface. On the
disk and the nut radial inclined grooves are made, in which the wedges are installed. In addition, the
cylinder is attached to the conical sleeve and its conical flange is designed to interact with the
chamfers of wedges. The disadvantage of this device is its relatively low reliability when working in
automatic mode and the complexity of the design. As a promising design should be noted clamping
mechanism for workpieces and tools [6] with a translational motor. The motor stator is located on the
machine body and includes several electromagnets that are able to interact with electromagnets on the
motor armature by an electromagnetic field. The magnets ate powered by a generator. The rotor of the
generator is attached to the spindle and its stator is mounted on the machine body. The clamping collet
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is located on the end of the spindle and has the possibility to interact with the armature of the motor
through the drawtube.

One of the most advanced is the device for clamping tools and workpieces that is installed on
spindle assembly of the machine tool [7] is known. The clamping mechanism contains a screw
transmission and the collet chuck for tools or workpieces. The screw transmission includes the
transmission nut which is connected to the rotor of the electromechanical system, placed coaxially
with the spindle with the possibility of rotation and longitudinal movement in both directions. The
transmission nut has the possibility of force interaction with small-diameter hydraulic plungers
through the axial bearing. The small-diameter hydraulic plungers located in the distributing sleeve
create fluid pressure in the closed hydraulic system. The fluid pressure acts on coaxially located outlet
plungers of a larger diameter, transmitting forces to the spring-loaded movable conical sleeve of the
collet chuck. The disadvantage of this mechanism is the complexity of the design, the relatively high
complexity of the control process when working in automatic mode and the relatively low reliability
of work in conditions of contamination of the working surfaces of its screw transmission.

The main objective of the study. The purpose of research is determined by the need to
eliminate the shortcomings of existing mechanisms for clamping workpieces and tools. The presented
designs of mechanisms have the following common disadvantages:

— energy consumption while workpieces or tools are retained in the clamped state during
machining;

— the high possibility of fluctuations in the magnitude of the clamping force due to uncontrolled
changes in the voltage in the supply network;

— uncontrolled release of workpieces or tools due to accidental power loss;

— relatively small magnitude of the clamping force, which can be achieved due to the step-by-
step interaction of the magnetic elements of the stator and rotor under conditions of limiting the
diametrical overall size of CM;

— low rigidity of fixing the workpieces due to the presence of an elastic connection of the
magnetic interaction in the kinematic chains, which provides the retention of the clamping forces
during machining.

The major goal of the next research is to develop the design of a clamping mechanism for
fixation workpieces and tools on spindle assemblies with the purpose to increase the magnitude and
stability of the clamping force, as well as the reliability, efficiency and possibility of adjustment of the
clamping.

Results of work. The problem is solved due to the fact that the device for clamping the rod
stack and cylindrical tools is equipped with transmission-amplifying mechanism. The element of
wedging mechanism in the form of a ball has the possibility of simultaneous force interaction with the
respective shaped surfaces of the armature of the motor, spindle and at least one plunger of small
diameter located in the spindle. When the plunger of small diameter is moving a pressure of the
working fluid in the closed hydraulic system is created and acts on at least one plunger with a larger
diameter. The plunger of a larger diameter transmits the force to the spring-loaded movable conical
sleeve of the collet chuck.

For solving the task the new design of the CM is developed. The device contains (Fig. 1, 2)
electromagnets 3 placed on the surface of rotor 2 which is movable in the axial direction and mounted
on spindle 1. They have the possibility of electromagnetic interaction with electromagnets 5 mounted
on stator 4. Electromagnets 5 is supplied by electricity through connectors 6. Electromagnets 3 are
powered by electricity from rotor 7 of the generator which is fixed on spindle 1. Stator 8 of the
generator is rigidly attached to machine body 9 and has the ability of powering through connectors 10.
Stator 4 is rigidly attached to machine body 9 and armature 2 has the possibility of force interaction
with at least one element 11 of the wedge mechanism in the form of a ball. Ball 11 also has the
possibility of simultaneous force interaction with spindle 1 and the shaped surface of at least one
plunger of small diameter 12 located in spindle 1. Plunger of small diameter 12 has the ability to move
axially and force interaction with spindle 1 through spring 13 and working fluid 14 of a hydraulic
system, which is also equipped with at least one plunger of a large diameter 15. Large-diameter
plunger 15 is axially displaced and forcefully interacts with the axially movable conical sleeve 16.
Sleeve 16 is also capable of simultaneous interaction with collet 17 that is rigidly attached to spindle 1
and holding object 18.
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Figure 1— The mechatronic device with electro-hydraulic actuator for clamping objects in
spindle units

The operation of the developed device for clamping cylindrical objects in the spindle assemblies
of the machines is as follows. To clamp cylindrical object 18 (Fig. 1) electromagnets 5 are supplied
alternately with current via connectors 6. As the result, around electromagnets 5 an electromagnetic
field is alternately formed that interacts with one of the nearest electromagnets 3 on armature 2. It
causes the axial motion of_armature 2. When current is applied to connectors 10 of the stator’s
windings 8 of the generator, there is a magnetic field under the action of which a current is generated
in rotor 7 of the generator. The current from rotor 7 is supplied to electromagnets 3. From
electromagnets 3 axial force is transmitted to armature 2 and induce its axial movement relative to
stator 4. Armature 2 is equipped with the shaped surface at an angle a (Fig. 1, 2) to the axis of rotation.
Due to the interaction of armature 2 with ball 11 there is its radial movement and force interaction of
ball 11 with the shaped surface of plunger 12. The interaction causes the axial movement of plunger
12, the deformation of spring 13 and, as a consequence, the movement of part of working fluid 14
through the channels of the closed hydraulic system into the chamber of plunger of the larger diameter
15. As a result, plunger 15 is pushed out of its working chamber and transmits force to conical sleeve
16 causing it to move and interact with the conical surface of collet 17. There is deformation of spring
19. The force interaction of sleeve 16 with collet 17 causes the convergence of its clamping jaws and
clamping of object 18. The magnitude of angle o is less than the friction angle in the contact of
surfaces of ball 11 and armature 2. That fact allows preventing the movement of armature 2 relative
spindle 1 under the force influence of ball 11. This provides the self-braking effect in CM and, as a
consequence, the sustained clamping state of object 18 without consuming electricity by
electromagnets 3 and 5. The self-braking effect can also be used to increase the reliability of
maintaining clamped state during machining with a significant reduction of energy consumption. The
magnitude of the axial displacement of armature 2 depends on the actual diameter of object for
fixation 18. The displacement stops when the required value of the clamping force is reached and the
force opposing its axial displacement is increased to its maximum. The maximum magnitude of the
clamping force of object 18 depends on the amount of current supplied to the electrical connectors 6
and 10.

2 3 12 1 1 14

Figure 2— The wedging mechanism element and the plunger of the hydraulic system in the
spindle
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Figure 3— Fragment of the clamping chuck with drive plungers of the hydraulic system

The magnitude of the force for clamping object 18 is determined by the magnitude of the
mechanical stress of the elements of the mechanism. It is reflected in the pressure of working fluid 14
in hydraulic system of the developed mechanism. Controlling the amount of clamping force makes it
possible to avoid defects during machining, which may be the result of uncontrolled movements of the
workpieces or tools under the action of cutting forces. Furthermore, it allows to avoid plastic
deformations of workpieces made of comparatively soft or thin-walled materials. A control system
where the signal about pressure in hydraulic system is used to determine the amount of clamping force
is proposed.

The developed control system includes hydraulic pressure sensor 23 (Fig. 4) installed in the
hydraulic system near the chamber of plunger of larger diameter 15. Before the clamping process, the
magnitude of the control signal L, from the control panel is transmitted to memory device 20 (Fig. 4)

and recorded at its lower level. The control system also consists of data comparison device 21 and
relay element 22 with a logic output. After the clamping process starts the value L, is rewritten at

memory device 20 from its lower to the upper level and transmitted to comparison device 21, where it
is compared with magnitude L, of hydraulic sensor 23. In comparison device 21 determines the result

by using dependence AL, =L, —L;. The result of the calculation in comparison device 21 AL, is
transmitted to relay element 22 with logical output and nonlinear static characteristic of the function of
AL, L=f(AL)). Result L takes discrete values 0 or 1 in cases where AL, <& and AL, >&. The value

& is the minimum value of the signal at which relay control element 22 is triggered. The value of & is
set accordingly to the necessary magnitude of tolerance of the clamping force. This determines the
operation of the CM control system in relation to the algorithm for switching on electromagnetic
windings 3 and 5 (Fig. 1) of the electric drive CM. The clamping process is finished when the state of
AL, < is reached.

24 ‘

20

22 21| 23 ‘

Figure 4— The structure of the control system unit

Conclusions

The developed construction of the new CM allows enhancing the characteristics of the clamping
process of tools and workpieces in spindle units. In particular, the characteristic features of this design
are that there is no energy consumption while the workpiece is retained in the clamped state during
machining and the magnitude of the clamping force does not depend on uncontrolled changes in the
voltage of a supply network. The new design ensures reliable holding of the workpiece even due to
accidental loss of energy supply of CM. Due to the use of several energy converter mechanisms, a
nominal amount of clamping force can be reached with small radial dimensions of the mechanism.
The kinematical rigidity of transmission of mechanical energy is provided due to the absence of elastic
elements and interactions in the closed kinematic chain. The energy supply of the CM is implemented
by electromagnetic interaction between the stator and rotor. It gives the advantages such as the
possibility to control the CM during spindle rotation. This also helps to reduce influences of
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mechanical disturbing effects on the stable operation of spindles. The developed clamping mechanism
can be reconfigured by reprogramming according to the different tasks. The developed clamping
mechanism can be reconfigured by reprogramming according to the needs of the value of clamping
forces.
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Hpuganbunii B.1.

Jlyupkwii HaIliOHATBHIHA TEXHIYHUH YHIBEPCUTET

MEXATPOHHUM 3ATUCKHU MEXAHI3M 3 EJIEKTPOT'IJIPABJIIYHAM IIPUBOJOM
JJIS] IHMUHAEJBHUX BY3J1IB BEPCTATIB

Ilpeocmasnena KOHCMPYKYIA 3AMUCKHO20 MEXAHI3MY Ol 3aKPINAEHHA 3a20MO60K Ma
IHCMPYMEeHmi8 Y WNUHOETbHUX 8V3AX 8epCmamis, AKUL OCHAWeHUll 000amKo8010 NiOCUCNEMOI0 O
3a0e3neveHHss MONCIUBOCT NPOSPAMHO20 HANAWMYBAHHSA HEOOXIOHOI cunu 3amucky. Enexmponnuil
010K Ma eeKmpoMexaHiuti nepemeoprosayi eHepaii 3a0e3neuyms MONCIUBICIb OLIbUL 1e2K020 nepe
HANAWMYBAHHA MEXAHIZMY WIAXOM NepenpocpamyBants 6ionogioHo 00 3a0anux nomped obpooOKu.
Ompumani pesyromamu 00NOMA2aioms po3wupumu  GYHKYIOHATbHICMb 3aMUCKHUX MEXAHI3MI6, d
omoice, YYHKYIOHAbHICMb 8ePCIMAMIE MA iX MEXHON02IYHY SHYYKICb.

KuaiouoBi cioBa: ernexkmpociopasniunuii npueoo, WNUHOETbHUL 8Y30], 3AMUCKHA YaHed,

Hpbinaasublii b.1.
Jlyukuii HaMOHANBHBIN TEXHUYECKUN YHUBEPCUTET
MEXATPOHHBIN 3A’KUMHOM MEXAHW3M C SJEKTPOTUIPABJIMYECKHUM
NNPUBOAOM JIAA HIMUHAEJBHBIX Y3J10B CTAHKOB

IIpedcmasnennas KOHCMPYKYUsL 3AACUMHOSO MEXAHUBMA OISl 3AKPENIeHUs 3A20MOBOK U
UHCMPYMEHMO8 8 WNUHOENbHbIX Y31aX CIMAHKO8, KOMOPbI OCHAWEH OONOIHUMENbHOU NOOCUCTNEMOU
015t obecnedenus BO3MOJNCHOCMU NPOSPAMMHO20 HACMPOUKU HEeOOX00UMOU CUIbl  3AJHCUMA.
Onexmponnviii 010K U dleKkmpomexaHudeckue npeoopasoeament dHepeuu  0becneyusarom
B03MOJICHOCIb  00JIee J1e2K020 Nepe HACMPOUKU MeXAHUMa nymem NepenpocpaMMupo8anis 6
coomeemcmeuu ¢ 3a0annbiMu nompednocmet oopadbomxu. Ilonyuennvie pesyiomamsi HOMO2AIOM
pacuupums QyHKYUOHATLHOCHb 3ANCUMHBIX MEXAHUIMOB, A C1e008AMENbHO, (QYHKYUOHATbHOCHb
CMAHKOB U UX MEXHOIOSUUECKYI0 2UOKOCTIb.

KuoueBble €J10Ba: 271eKmMpocuopasiuyeckull npueoo, WnuHOeIbHblll y3ei, 3a)CUMHAs yaued,
nepeoamoyHO-yCUIUmMebHble MeXanuzMbl, O8U2AMelb NOCMYRAMeNbH020 0eliCEUs. .
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