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Abstract 

The proposed work deals with the investigation of machinability and 

microstructural characteristics of brittle materials with the use of conformable 

hexachiral auxetic fixture. Trials were conducted on polycarbonate material for 

various tool rotational speeds and drill bit diameters for  output responses of 

machining forces, surface roughness and drill tool wear with the use of plain and  

auxetic grippers. Gripping characteristics viz. gripping forces, damping 

coefficient, strain rates and deformation were analysed. Results obtained 

indicated that auxetic damper could reduce coefficient of friction (COF) of 0.051 

and wetting angle of 6°, as well as improved machining performance such as  

drilling temperature of 154°C, surface roughness of 0.698 µm, flank wear of 

0.14mm with enhance damping coefficient regime under extreme wear conditions. 
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1. Introduction 

           Fixtures or work holding devices creates that crucial link between workpiece, 

machine tool and end-effector (making them an integral component in any manufacturing 

process),the benefit of this high precision equipment is lost and the extra machine- tool 

precision is not translated into the higher accuracy and more repeatable output 

components. It finds its major applications in industrial automation, semiconductor 

handling and assembly, manufacturing systems, robotic medical surgeries, processing of 

biological objects. Prince etal.(2007). Fixtures in manufacturing systems functions 

through proper location of workpieces, effective clamping and support stability towards 

tool interaction. It has been documented that 40% of  manufactured  parts are rejected 

with dimensional inaccuracy due to inappropriate clamping of the workpiece.  

Conventional fixtures like bench vices, Chucks, jigs and fixtures were designed to counter 
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act  against machining forces, chatter reduction, constrain over degrees of freedom and 

improvise the surface roughness of the finished component. The major disadvantage of 

this traditional approach is they create a rigid clamping, ineffective suppression of 

vibration and machining forces acting as ancillary system inspite of behaving as an 

integral part of the system. This demand leads the manufacturing industries to work on 

the design and implementation of advanced fixtures with minimal cost of integral 

fixturing systems rather than to invest in ultra-precise machines. Various research works 

have been conducted on integral fixtures that respond to external stimuli also known as 

smart fixtures with their capability hold different materials and shapes. Smart fixtures 

include flexible fixturing systems with their types of conventional gripping systems with 

electric, hydraulic and pneumatic actuators as drives. The demerits of this system are their 

work handling capabilities is difficult for scaled down component. This leads to the 

innovation of non - conventional Shape memory alloy (SMA) actuators with their 

highlights of hyper elastic displacement, spontaneous response, high strength to weight 

ratio, anticorrosive and efficient controllability for large operational cycles.  Their 

disadvantages are cyclic delay towards motional inaccuracies for 

control.Toovercomethisissue,reconfigurablemanufacturingsystemisintroducedtoincreaseth

e flexibility of fixtures geometry which was divided into sub-geometries that could 

change its shape convergence mechanically to fit the workpiece.  

        The reconfigurable nature of the fixture system creates flexibility through the 

adjustment of  length of the actuator and kinematic structure with sensor integrated fixture 

elements [4].The demerits of this fixture are the handling of geometric distortions due to 

internal stresses in the workpiece during machining. Hence the design and cost for 

reconfigurable fixture leads to the development of fixtures to adjust their shape 

mechanically to the workpiece geometry termed as conformable fixtures. Research works 

have been carried out over conformable fixtures to overcome the above defects of holding 

and positioning of the work piece. Pin-array type of fixture was designed to locate and 

support the turbine blades with adjustable pins in a single structure mechanism [37]. This 

mechanism works on the principle of the pneumatically activated pins to conform they are 

recoil profile. Kevlar belt is tied over the blade profile as the pins get energized to hold 

the structure against thepins.This makes the pin to lock mechanically and disconnect the 

pneumatic force. To enhance the fixturing capabilities using conformable structures, re-

entrant mechanism with first class geometries exhibit negative poisons ratio is required.  

Hence there is a need of novely designed conformable fixture with auxetic properties to 

improve the machinability characteristics. Auxetics are then on linear geometric structures 

which attains negative poissons ratio with ordilational features. As for fixture design, 
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auxetics could enhance in plane indentation resistance, Fracture toughness, effective 

damping ratio, elevated shear modulus, impact attenuation. Chiral geometries in auxetics 

are periodic structure stores that damp the machining forces in maintaining effective 

holding and locating strategies. The proposed work deals with the investigation of 

hexachiral shaped auxetic grippers for fixture design to hold the acrylic work piece under 

drilling operation. 

2. Materials and methods 

              The mechanism of hexachiral shaped auxetic grippers is shown in Figure.1. The 

two dimensional hexachiral structures expands and contracts transversely during tensile 

and compressive  loads with negative Poisson’s ratio (NPR), enhanced shear strength 

against indentation load,[2-9]. This improves the auxetic material subject to large 

deformations with high energy absorption capacity. The proposed morphological pattern 

includes the hexagonal arrangement of circular nodes connected tangentially with ribs to 

their adjacents.[17] This structure is found to be a two dimensional symmetry with a set 

of geometrical parameters radius of the circular elements R, ligament length Land 

thickness t, and the depth of the lattice D as shown in figure. The forces and deformation 

execute don the auxetic gripper by the vibration of the workpiece excited through drill 

load sallows large deformation with the chiral lattice exhibiting a bending dominated 

microstructual grain orientation and displacement mechanism with limited local strain 

rate. This allows the nodes to rotate homogenously and ribs to bend [18] enhancing the 

damping stability of the fixture.The photographic view of the experimental setup is shown 

in Figure 1. 
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             Figure 1: Mechanism of Auxetic hexachiral fixture 

             Experimental work is carried out in a high end milling machine with a spindle 

power of 3KW different process parameters like drill rotational speed, drill depth rate and 

drill diameter. The proposed fixture is clamped in the fixture bed to hold the workpiece 

horizontally with screw lock mechanism. Polycarbonate material is used as workpiece for 

drilling operation. The material properties of this material are shown in Table 1.  

Table 1: Specification of the fixture, sensor, tool and machining 

conditions 

Parameters Value 

Machine and tool specification 

Machine type Vertical 3- axis milling 

Load capacity 4 

Tool type Straight fluke drill tool 

Tool diameter 8,6,10 mm 

Auxetic gripper 

Material Thermo resistive polyurethane rubber 

Type Hexachiral 

Max. negative Poissons ratio -0.00247 
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Max. deformation (mm) 41.6 

Dynamometer 

Type S – Bridge Type 

Range -200 to 850 KN 

Sensitivity 0.1 to 1 KN 

Output 4-20mA 

Displacement Sensor 

Type Hall effect 

Range 0-100 mm 

Sensitivity 0.5V± 0.1 V 

Output Digital 

Flexible Force Sensor 

Material Polyester Sheet 

Sensitivity ±1N 

Type Strain gauge 

Range 0-250 N 

Workpiece 

Material Polycarbonate 

Diameter 50 mm 

Length 150mm 
 

             The test device consists of a vertical drilling machine, a counter weight, a clamp, 

and a drill. The counterweight is mounted on the feed hand wheel of the vertical drilling 

machine, and thevertical drilling machine can output different drilling thrust force by 

adjusting the weight of the counter weight. The relationship between the weight of the 

counter weight and the drilling thrust force of vertical drilling machine output has been 

calibrated in advance.   

             All the experiments contain two conditions, namely with damper and without 

damper. A general way of experimental analysis for the vibration is the impact hammer 

experiments. The test system contains flexible force sensor attached in the gripper 

(Kistler,500N), acceleration sensors (Dytran,3325F1- 16847, ref. sensitivity 10.25 

mV/g.), SIRIUS ACC data acquisition instrument (DEWE Soft-SIRIUS i series), six axis 

force sensor (strain gauge type) and computer. The impact hamper is used as an excitation 

source for the measurement of frequency response function. An accelerometer is selected 

to measure the response of the workpiece fixture system. Then, the measured vibration 

response modes can be used to compare and analyze the vibration characteristics of 

different dampers acted on the work piece.  

             Two kinds of commercial drills were selected, one was a cemented carbide 

triangular bit (CCTB), and the other was a diamond trepanning drill. Four types of 

cemented carbide triangular bit, among them is the axial length of the U3 type cemented 

carbide triangular bit is 6mm, and the axial length of the other three types is 7mm. Except 
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for the U6 type cemented carbide triangular bit with a blade thickness of 1.5mm, the other 

three specifications are 1mm. Two types of diamond trepanning drills with an outer 

diameter of U8 and a diamond grain size of 70/80 mesh were selected. One is a brazed 

diamond trepanning drill (BDTD), which has an inner diameter of U5 and two slots on the 

end face. The other is an electroplated diamond trepanning drill (EDTD) with an inner 

diameter of U6 and thirteen slots on the end face. The drilling tools are shown in Figure 2. 

 

Figure 2: Photographic view of the experimental setup 

3. Results andDiscussions 

              The gripping forces depends on various rotational forces are shown. For auxetic 

damping, the characteristics of the workpiece material and the types of materials are the 

main factor in applying strength. The machining forces may be improved by standard 

damping or the polycarbonate workpiece material. The holder is therefore developed on 

two sides of the symmetry pattern with   hexachiral clamps. If the magnetic field strength 

cannot satisfy the machining needs, both coils   control the current and produce the 

separate magnetic field in the fastener. The plates, weight and Poisson ratio for Young's 

workpieces were 210GPa, 7850kg/m3 and 0.269. On top of the auxetic container there is 

the foundation of the thin-walled workpiece. The auxetic carrier is displayed in the above 
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figure. The dynamic response from the top of the flexible workpiece under dynamic 

cutting force is achieved in accordance with the above-mentioned parameters. In 6 to 6 

sub-regions the top thin walled workpiece is discrete, which is used as a finite element 

method. From the figures the sub region details are infered. The dynamic response in that 

varies from the others due to the physical  properties of the surface and the adaptive 

cutting strength (i=1,2,...,36). Given the direction and cutting range of the instruments, the 

complex properties were studied, for instance, in fields 31, 32, 33, 34, 35, and 36. In 

regions 31 and 36 the complex response values were lower than in other regions. In area 

31, the response value is approximately the same as in area 36, but the direction is the 

opposite. The same situations exist in 32and35, 33and34, too. The acceleration detect or 

was then installed between nodes 39 and 46 (impact area A) on top of the thin-walled 

workpiece, so that torque was not removed. The fashion hammer has an impact on the 

part. The frequency response functions a various damping parameters (specific currents) 

are shown in Figure 3 for the exact comparison of the disparity between dynamic 

properties.  

 
 

Force (Plain gripper) at 10° Displacement (Plain gripper) at 10° 

  

 

Force (Auxetic gripper) at 10° Displacement (Auxetic gripper) at 10° 
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Force (Plain gripper) at 20° Displacement (Plain gripper) at 20° 

 

 

 

Force (Auxetic gripper) at 20° Displacement (Auxetic gripper) at 20° 

  

Force (Plain gripper) at 30° Displacement (Plain gripper) at 30° 

 

 

 

Force (Auxetic gripper) at 30° Displacement (Auxetic gripper) at 30° 
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Force (Plain gripper) at 30° Displacement (Plain gripper) at 30° 

 

 

 

Force (Auxetic gripper) at 30° Displacement (Auxetic gripper) at 30° 

 

Figure 3: Effect of gripping forces and displacement on various tool rotational 

speeds 

 

The average frequency of the workpiece fixing system in the first vibration mode is 

approximately 385.6Hz. The workpiece fixture system's frequency response functions are 

below that without auxetic fluid damping material under the MR fluid damping content. 

The amplification values of the hexa chiral fluid damping material system are obviously 

decreased as the current rises. Moreover, under the auxetic fluid damping material, the 

vibration in higher order modes is obviously suppressed. Machining experiments are 

conducted at the machining center in  order to verify further the rationality and feasibility 

of the flexible hexachiral fluid fittings. The cutting strength and the movement of the 

workpiece we recalculated during the machining test. To achieve the dynamic cutting 

force, the spindle in the machining center is attached to a three component Force 

measurement dynamometer (Kistler9123C). The cutting powers, shown in the   chart, are 

then calculated, are employed to obtain the workpiece dynamic displacement response 

during EQ process machining as input data along the tool path towards the predicted 
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model. The machining of thin-walled plate vibrations is specifically contrasted with the 

cutting parameters (spindle speed 3600rmp, federate 500mm/min. Second, it is possible to 

observe that a damper control frame is less than vibrational than (over160g). Furthermore, 

the fast transformation of Fourier (FFT) is used in frequency analysis for the two tests. 

The frequency of Chat (i.e., 948.7,1069 Hz) can be found in Figure 4, which points to the 

faulty heating phase, because of the passing rate, the friction cycle with damping control 

is robust. The displacement response results are calculated in the descriptive impact zone 

A in the figure in order for the movement of the thin-walled workpiece easier to be 

detected. 

 

Figure 4 : Effect of drilling forces on normal and auxetic grippers for various 

machining conditions 

              The projected displacement responses would represent the discrepancy between 

observed and expected displacement responses are also drawn. Under various controls for 

damping inspite of the measurement error, the calculated and projected displacement 

responses show well the utility of the proposed model with each other. The total vibration 

displacement response values are also 0.358mm, 0.182mm, 0.120mm (average vibration 

response) and 0.59mm under 0, -1-,2-and -3 as shown in Figure5. 
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Figure 5: Surface roughness profiles on normal and auxetic grippers for 
various machining conditions 

 

               However, the peak values for vibration displacement responses are 0.358mm. In 

comparison, the magnitude of the 1A current vibration response decreases about 49% 

relative to no damping power. It experimentally demonstrates that the elastic fittings of 

the hexachiral fluid can stop the movement of the machining of the thinwalled work 

piece. In addition, it phenomenon can be validated during turning. Gibson and Ash by 

provided a process analysis to twist hexagonal cell honey comb as its primary influence 

on in-ground modules and Poisson ratios [6]. The same principle is equally valid in the 

case of the new honey comb mentioned here; hence it is used in a similar way. Because of 

the complexity of its structure, though, there are certain differences in the way that the 

loads are passed into the walls of the cell and the longitudinal displacement of the cells 

deflections. The ligaments are straight (unformed) in the initial undeformed state before 

the load application. The cell is subject to a single stress, al or ~r2 in XI or X2; 

consequently, the ligaments are bent into sigmoid form by a torque T and nodes are 

rotated as described below. In the deformation of the model, both the bending of the 

ligament and the equal rotation of all nodes is seen. The ligaments stay rigidly tangent 

with the node and are therefore confined to an area change without shape changes. 

Deformations can be ignored as long as the ligaments are reasonably thin owing to axial 

strain and shear, and the overall strength of the system is therefore below a critical value. 

Gibson and Ash suggest, in their general analysis of honeycombs, that is p~ 0.29, with p 

as the density of the honeycomb and p~ as the density of the solid that generated. The 

angle between AB and X1 (or any other defined axes) is compatible while ligament AB is 

packed, but the ligament does not work. 

 

Vol 40, 2020

1608

Tierärztliche Praxis

ISSN: 0303-6286



4. Conclusion 

               In the aerospace industry, large, thin-walled structural elements play an 

important role throughout weight reduction and efficiency improvements. But the 

machining vibration issue is severe. Exactness is a crucial barrier to the final part. A new 

method of vibration control machine is proposed in this paper to overcome this problem. 

The benefits of the new solution are as follows compared to the existing machining 

approaches: This paper presents a methodology for the development of a fixture taking 

into consideration the damping function dependent on auxetic fluids. The fitting can 

provide the thin-walled workpiece with a stable positioning system. For study of the 

impact of fixture and cutting parameters on the dynamic properties of the fixture 

workpiece process a complex analytical model takes into consideration the damping 

properties of hexachiral fluids. Then some steps can be used to regulate the motion of the 

machining by controlling through the current the rheological properties of auxetics 

liquids. Simulation and machining tests show that in the process of thin wall workpiece 

machining, the proposed method can significantly improve the stability of the fitting 

workpiece system. Therefore, the tests are well organized and calculated, which support 

the viability and usefulness of the machining process on the basis of elastic magnetic 

liquid. 
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