
 130 

ISSN 1392−1207. MECHANIKA. 2022 Volume 28(2): 130−138 

 

Deform 3D Simulation and Experimental Investigation of Fixtures with 

Support Heads 

 
Muthu Mekala NATARAJAN*, Balamurugan CHINNASAMY**, Bovas Herbert Bejaxhin 

ALPHONSE*** 
*College of Engineering, Anna University, Department of Mechanical Engineering, College of Engineering, Guindy Cam-

pus, Anna University, Chennai- 600025, Tamil Nadu, India, E-mail: muthumekalagunalan@annauniv.edu 

**College of Engineering Guindy, Anna University, Department of Mechanical Engineering, College of Engineering, 

Guindy Campus, Anna University, Chennai- 600025, Tamil Nadu, India, E-mail: balamurugan.c@annauniv.edu 

***Department of Mechanical Engineering, Saveetha School of Engineering, SIMATS, Chennai-602105.Tamil Nadu,  

E-mail: bovasherbertbejaxhina.sse@saveetha.com 
 

  http://dx.doi.org/10.5755/j02.mech.29468 

 

1. Introduction 

Thin-walled complex structures are commonly 

employed in industrial applications such as electronics and 

aerospace. Process milling is highly desired for complex 

geometry profiles with considerable deformation, which 

influences surface roughness. Many researchers have stud-

ied thin-walled structure milling and presented various 

methods for predicting and optimising deformation values 

[1 – 3]. The mathematical model and experimental findings 

are compared in this way to determine the error in surface 

roughness measurements. It has been demonstrated that 

using Finite Element Analysis (FEA) to simulate the Com-

puter Numerical Control (CNC) milling process is more 

advantageous. Fixtures and jigs will greatly reduce deflec-

tion during the milling operation. Some academicians have 

proposed their own fixture architecture to reduce deflection 

during the milling process. Optimization techniques are 

often used for forecasting deflection values and optimising 

fixture configuration. 

De Jun Cheng et al [1] studied the influence of 

thin plate surface roughness along the feed direction, pre-

dicting that spindle speed, depth of cut, transverse distance, 

and other parameters would all play a role. Artificial bee 

colony algorithm (ABC) was used to discover the cutting 

condition, which was confirmed by the experimental re-

sults. Yishu Hao and Yang Liu [2] developed a milling 

surface roughness model based on tool wear and defor-

mation to mill thin-walled objects with complex forms. 

They used the composite design approach to test the find-

ings, which has the lowest inaccuracy. Lopez de Lacall et 

al. [3] established a new diagnostics method for identifying 

milling problems when machining real geometries with 

problems that differed greatly from those found when end-

milling at constant linear feeds. Zhun et al. [4] used regres-

sion analysis to predict surface roughness and evaluated 

milling stability when process damping and surface rough-

ness were both included. To optimise milling parameters, 

they applied a genetic optimization method. Maria Jackson 

et al. [5] have studied that the effect of process parameters 

on face milling of super alloy and proven that the surface 

roughness value will be the best quality with the suggested 

process parameters. Maohua Xiao et al. [6] have studied 

that the influence of machining factors of turning on sur-

face roughness using the Response Surface Methodology 

(RSM) of Taguchi optimization Process. They examined 

the tool life by employing the optimal cutting criterion. M. 

Tomov [7] proposed a mathematical methodology for es-

timating surface roughness of industrial materials. They 

devised an approach for estimating surface roughness rat-

ings based on statistical values. K. Venkata Rao [8] em-

ployed the Teaching learning-based optimization TLBO 

for the turn milling process of silicon bronze alloy. He ex-

perimented with five different speeds, feed rates, and cut 

depths and determined that the feed rate has a significant 

effect on the cutting tool. Jixiong Fe et al. [9] demonstrated 

and recommended using a moveable milling fixture to re-

duce distortion induced by thin-walled framework milling. 

Altintas et al. [10] presented a novel method for estimating 

milling stability lobes. The axial depth of cuts and spindle 

speeds may be calculated simply using a sequence of linear 

analytic formulas. Bao [11,12] et al. proposed a multi-

location support technique to minimise deflection in the 

mirror milling of aircraft skin by modifying the position of 

support points. They estimated the deflection values using 

a milling force model. The FEM simulation was tested 

using the experimental data of milling force measurements 

[12]. Jin Lan et al. [13] investigated the association be-

tween deflection and help head positions using artificial 

neural networks. They optimised the support head place-

ments to lessen the amount of deflection generated by mill-

ing circular and square plates. To avoid machine tool sys-

tem intervention, Lu Junbai and Zhon Kai [14] demon-

strated the usage of multi-location support heads and a 

tooling system. Xianghui Huang et al. [15] studied the ef-

fect of cutting speed on orthogonal cutting in high-speed 

milling of aluminium alloys. They used three-level simula-

tions to study the effects of tool rake angle and feed rake 

angle and established it as a simulation proven. J. Montal-

vo-Urquizo et al. [16] explored milling process optimiza-

tion with two case studies: work piece deformation and 

shape error, and tool wear. Zhang et al. [17] conducted a 

thorough investigation on the optimization of low-carbon 

milling process parameters. They conducted experiments 

to evaluate the effect of milling settings, and the best tech-

nique was discovered utilising the NSGA II algorithm as a 

multi-objective problem. J. H. Shaik and J. S. [18] studied 

the effect of milling parameters such as feed, cutting speed, 

and axial depth of cut on the performance characteristics of 

an aluminium work piece such as vibration level and sur-
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face roughness. They developed an approach for decreas-

ing tool vibration and, as a result, workpiece surface 

roughness. Tlhabadira et al. [19] conducted a statistical 

analysis of both physical and mathematical modelling of 

the M200 TS workpiece. Jiahao Shi et al. [20] milled a 

thin-walled plate with variable thickness, predicted the 

machining quality, and confirmed the accuracy with an 

experimental approach. Yuan Haiyang [21] et al. devel-

oped a milling force model to predict the residual stresses 

induced in the aluminium frame work piece. They verified 

the simulation results with the experimental results and 

make the model as a guidance for many deformation calcu-

lations.  Surface roughness is important in the milling pro-

cess because the deformations induced have a direct im-

pact on the surface consistency. Xiujie Yue et al. [22] have 

investigated the impact of various tool geometry factors on 

machinability. Different milling parameters were used to 

create finite element models of the 7050-T7451 aluminium 

alloy. Milling's forming mechanism has been established. 

Ming Chen et al. [23] have revealed that the results showed 

that when the cutting speed increased, the cutting force 

initially increased and subsequently declined. The inflec-

tion point of cutting speed grew as the feed per tooth in-

creased. 

Most of researchers have worked on the end mill-

ing of thin-walled plates especially with the aluminium. 

They suggested various methods and procedure to control 

the deformation induced during the machining. But few of 

them only concentrate on the reduction in the surface 

roughness in terms of deformation. In this research, the 

deflection caused in the thin wall plate aluminium alloy 

6061 was therefore anticipated using simulation and exper-

imentally measured using a horizontal milling machine. 

Based on simulation performance, the support head posi-

tions for milling fixtures are projected and experimentally 

tested. The surface roughness measurement was carried out 

before and after the use of milling fixtures.  

 

2. Materials and methods 

  

Aluminium Al6061 plate was chosen for the mill-

ing technique due to the higher distortion during the ma-

chining phase. The chemical composition of Al6061 con-

sists of aluminium around 96.85 % in weight. The remain-

ing consists of Magnesium 0.9 %, Silicon 0.75 % Iron 0 %, 

Copper 0.3 % and balance others. Because of its weldabil-

ity and formability, this material is extensively employed 

for most general-purpose applications. Its corrosion re-

sistance and great strength make it an excellent material for 

structural and automotive applications, among others. The 

specimen utilized in this experiment is Al 6061, with di-

mensions of 100x100 mm2 and a thickness of 5mm. The 

plate is clamped on all four sides as the boundary condition 

for the Finite Element Analysis. Table 1 shows the pa-

rameters and dimensions used in the milling operation. 

Based on the tabular values provided, DEFORM-3D was 

utilized to perform three-dimensional finite element analy-

sis. DEFORM-3D is utilized for simulation due of its dis-

tinct properties, such as robustness and a powerful simula-

tion engine. Milling creates additional deformation in thin-

walled work components; hence jigs or fixtures are re-

quired to limit deformation in such parts. The experiment 

is carried out both with and without the use of a fixture 

with support heads. High carbon steel is utilized in the 

manufacture of support heads. 

3. Simulated analysis of the milling  

The entire machining process was intended to be 

predictable with the help of the Deform 3D current tool 

utilization. This is a free and open simulation framework 

that forecasts machine tool dynamics, work material re-

moval damage levels, and stress and displacement devel-

opment. It must be done at the pre-processing stage by 

inputting the machining parameters of speed, feed, and 

depth of cut into the relevant Deform 3D fields. Using the 

imported solid model of fixture construction, the specimen 

and tool setup can be inserted. The Table 1 shows the 

physical properties of the specimen and the input parame-

ters of machining conditions for the Aluminium alloy 

plates that were employed. The Fig.1 shows the CAD 

Drawing and Solid Model of fixture with the support head. 

Table 1 

Parameters of Aluminium plate for milling (L. N. Lopez de 

Lacalle et al. [3]) 

Parameters Dimensions 

Length X Breadth X Thickness 

Poisson Ratio, v 

Young’s modulus 

Density 

Cutting Teeth Number 

Cutter radius, r 

Feed rate per revolution 

Depth of Cut 

Cutting force coefficients 

Ktc 

Kac 

Krc 

Kte 

Kae 

100 mm X 100 mm X 5 mm 

0.33 

69 GPA 

2.7 gm/cm3 

3 

5 mm 

0.05 mm/rev 

0.5 mm 

 

2577 Nmm-2  , 

386.27 Nmm-2 

1576 Nmm-2 

18.41 Nmm-1 

29.22 Nmm-1 

 

a 

 

b 

Fig. 1 Fixtures: a) CAD drawing of fixtures with support 

heads; b) solid model of fixture design 
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Fig. 2 depicts Positioning of work piece on the 

fixture and with the milling cutter. In the mesh generation 

procedure, the specimen model (15935 elements) and the 

milling cutter 4798 elements) were used. The material de-

scriptions were collected from the material collection of 

Deform 3D. Load conditions, as well as tool and work 

piece location, have been described as boundary condi-

tions. The clamping model was used to arrest the four sides 

of the specimen and the bolted end of the fixture, and the 

distributed form of nodal displacements was established. 

The displacements were calculated using simulated outputs 

in Deform 3D's post-processing stage. The displacement 

values of both specimens will be compared with and with-

out the fixture configuration. 

 

a 

 

b 

Fig. 2 Work piece in fixture: a) positioning of work piece 

on the fixture; b) combined positioning- fixture, 

specimen and milling cutter model 

 

4. Experimental procedure and analysis 

 

The experiment is carried On a Chetak 75M 

machining centre. Table 2 lists the specifications of the 

machining centre. The milling work piece was made of 

aluminium plate Al6061. Although it has great machining 

qualities, it is easily distorted during the machining pro-

cess. The work piece is a 100x100 mm2 square plate with 

edge boundary constraints that are arrested on all sides. 

Table 1 discusses the milling process machining condi-

tions, which are the same for both the simulation and expe-

rimental study. The milling operation is performed on the 

specified work piece in this paper with a load of 1000 N, a 

feed rate of 0.05 mm/rev-tooth, and a depth of cut of 

0.5 mm (Fig. 3, b). 

 

                      a                                           b 

Fig. 3 a) CNC milling machine; b) aluminium plate held in 

vice 

Table 2 

Chetak 75 M Machining centre specifications 

Main Specifications Chetak 75 MC 

Table Size (L x B) 950 x 520 mm 

   X-Axis Traverse 762 mm 

            Y-Axis Traverse 510 mm 

             Z-Axis Traverse 510 mm 

Spindle Nose Taper BT-40 

Spindle Motor Power 7.5 / 11 kw 

Spindle Speed range 60 - 6000 rpm 

Rapid Rate X / Y / Z 30 / 30 / 24 m/min 

       Automatic Tool changer Type (ATC) Twin Arm Type 

No. of Tool Stations in ATC 24 Nos 

 

Fig. 3, b depicts an aluminium work piece gripped 

in a vice. The milling machine is programmed to turn at a 

rate of 1000 revolutions per minute. As illustrated in 

Fig. 4, the milling process is carried out in the direction of 

C1 corner point to C2 corner point. Based on simulation 

study with Deform 3D Software, the deformation generat-

ed in the plate is already anticipated for the applied load of 

1000 N. The locations of the support heads are anticipated 

based on the software's predicted values, using the premise 

that where there is more deformation, a support head is 

required.  

 

Fig. 4 Aluminium plate diagram: C1, C2, C3 and C4: cor-

ner points 

 

The flow directed cutting series C1-C2 (A-B-C-

D) was used. The support head is made of high carbon 

steel, which is noted for its cutting capacity, toughness, 

and wear resistance. Fig. 5 depicts an experimental model 

of a fixture with support heads. The experiment made use 

of nine support heads, each with a height of 10 mm, which 

was greater than the thickness of the thin-walled plate uti-
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lized in the experiment. This fixture with support heads is 

fairly inexpensive, yet it looks to provide superior control 

during machining, increasing the stability of the work 

piece. The work piece is machined in a CNC milling ma-

chine in both circumstances, namely without and with the 

fixture arrangement. The surface roughness of the ma-

chined component is measured before and after using a 

fixture equipped with a portable Surface Roughness tester, 

the SURFTEST SJ-210. The movement of the diamond 

probe indictor detects the ups and downs of surface wavi-

ness which is denoted by "Ra." The average of the peaks 

has been assigned as "Ra" for this investigation. 

 

Fig. 5 Experimental model of fixture with support heads 

  

Fig. 6, a and b depict the visible impact of surface 

roughness. Fig. 6, b depicts a more pronounced improve-

ment in surface finish. The surface roughness values ob-

tained after the measurements are compared to justify the 

employment of the milling fixture with support heads. 

Fig. 7 illustrates the measurement of surface roughness at 

the cutting series. 

 

                             a                                         b      

Fig. 6 Aluminium plate – machining: a) before; b) after the 

use of support heads 

 

Fig. 7 Surface roughness measurement with SJ-210 

5. Results and discussion 

  

5.1. Deform 3D's displacement prediction 

 

The iterative steps for the required machining 

conditions were computed using the Deform 3D version 

11.0.2 simulation approach. Each section of the milling 

process in the experimental component was predicted be-

fore machining using the Deform 3D V.11.0.2 software 

approach. Using process settings and machining circum-

stances, the found specimen and tool model were used to 

animate the actual milling process in the post processing 

stage. These simulation results were presented in the form 

of component segments, with each segment going through 

roughly 110 iterations. As shown in Fig. 5, the milling 

process simulation displacement values were obtained with 

or without the fixture assembly. Table 3 displays the val-

ues of deformation. When the tool interacted with the spec-

imen under the specified machining conditions and materi-

al attributes from the simulation tool's material library, the 

outputs were generated. Stress, strain, damage, strain rate, 

and displacement measurements can be measured at any 

node. In this situation, the Lagrangian approach of iteration 

was used, with a very precise degree of die movement. The 

displacements (Table 3) clearly illustrate that the maxi-

mum displacement values were attained for the milling 

without the usage of a fixture arrangement. The lower dis-

placement values were reached by employing a novel aid-

ed fixture structure over the work table. The boundary 

conditions were met with this configuration, and the post-

processing outcomes were judged to be better. As the tool 

moves along the X axis, the displacement increases to a 

maximum of 11.2 mm without the fixture and a minimum 

of 4.61 mm. With the addition of a fixture configuration in 

the simulation, a less displacement value of roughly 

9.53 mm, corresponding to 11.2 mm displacement of step 

number 111, is obtained, with a 14.91 percent drop in de-

formation. Similarly, for the tool position at X-1, the great-

est deformation is 7.13 mm and the minimum value is 

6.98 mm, indicating a 2% decrease in deformation. 

When it comes to the Y axis, the percentage re-

duction in deformation accounts or 34% reduction, which 

corresponds to a maximum deformation value of 9.83 mm. 

It shows a percentage decrease in distortion of up to 52% 

when the tool moves along the Y-1 axis. 

The displacement values of the square plate mill-

ing operation with and without the fixture arrangement are 

shown in Fig 8. The maximum and minimum deformation 

values are highlighted for the axes along X, X-1, Y, and Y-

1.  

The use of fixtured attachment result in lower 

displacement values for 30-70 consecutive steps along the 

Y axis and 60-110 phase number along the Y-axis. The Y-

1 axis provides the greatest drop in values greater than 

50%. 

Three phases in a row produced good results 

along the X-1 axis. Fig. 8, a through d exhibit graphical 

representations of displacements along the Y-1 axis with 

and without fixtures. The application of this can be demon-

strated using the simulated values of the DEFORM-3D 

with and without the fixture arrangement. 

The Fig. 9 shows the simulated total displacement 

for the maximum displacement value for the axis X, X-1, 

Y and Y-1with the absence and presence of fixture. 
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Table 3 

Simulation results of displacement values in the X, X-1, Y and Y-1 axes in Deform 3D 

X Axis 0-10 mm X-1 0-10 mm Y Axis 0-10 mm Y-1 0-10 mm 

Step 

No 
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t 
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D
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w
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h
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1 4.67 1.06 1 2.69 1.4 1 3.04 1.06 1 3.23 0 

10 7.51 5.25 10 5.19 8.6 10 3.04 6.6 10 6.36 6.5 

20 8.08 6.27 20 6.91 5.76 20 7.16 6.1 20 6.18 6.18 

30 6.67 6.31 30 6.58 6.12 30 8.26 5.83 30 6.6 6.57 

40 5.89 6.95 40 4.51 6.86 40 8.28 5.29 40 5.66 6.33 

50 5.89 7.07 50 4.21 6.94 50 6.81 5.32 50 7.26 6.35 

60 8.16 7.33 60 4.23 6.17 60 6.47 5.31 60 9.39 6.37 

70 10.3 6.16 70 7.13 6.98 70 6.79 5.56 62 13.4 6.37 

80 8.85 6.1 80 4.3 4.36 80 7.85 6.23 70 7.42 8 

90 6.56 5.71 90 3.76 6.05 90 6.12 6.39 80 7.42 6.39 

100 6.44 6.64 100 6.45 5.78 100 6.36 5.74 90 7.42 6.7 

110 8.81 9.36 110 6.45 7.52 110 7.71 7.26 100 7.42 6.41 

111 11.2 9.53 - - - 120 9.83 6.47 110 7.42 6.41 

 

  

a b 

  

c d 

Fig. 8 a) X; b) 1; c) Y; d) Y-1 axis displacement values from the Deform 3D modelling tool 
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a b 

  

c d 

  

e f 

  

g h 

Fig. 9 ISO Plots of displacement simulations of the milling in: a) X axis without fixture; b) X axis with fixture; c) X-1 axis 

without fixture; d) X-1 axis with fixture; e) Y axis without fixture; f) Y axis with fixture; g) Y-1 axis without fix-

ture; h) Y-1 axis with fixture 
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5.2. Surface roughness and the effect of the fixture 

 

During the milling operation, some cutting forces 

were applied to the working surface by the tool and the 

specimen. The supporting cylindrical rod was inserted in 

the fixture, as illustrated in Figs. 1 and 2, with a uniform 

spacing between them. The displacements in the Deform 

3D simulation results were computed using different itera-

tion stages. As indicated in Table 4, these simulation re-

sults are matched to the surface roughness experimental 

outputs. The milling procedure was carried out in the usage 

of fixture position has resulted in an increase in productivi-

ty of around 30%. The specimen's bottommost sur-faces 

can be protected under dispersed resistive load situations 

by using this fixture. In the machined specimen, the four 

separate cutting profiles have been considered as segments 

as C1-C2, C2-C3, C3-C4, and C4-C1. Using the fixture 

connection, the minimum roughness values were deter-

mined In the machining slot of C1-C2, a minimum surface 

roughness of 0.28 µm was achieved (Fig. 10). The mini-

mum roughness of 0.77 to 0.79 µm has been registered in 

the majority of the milling slots. Hence the surface rough-

ness is reduced by the percentage in ranging from 10.8% 

(corresponding to position-to-position D) and 27.2% corr-

esponding to position A. However, in the absence of a fix-

ture, a greater amount of roughness has been confirmed. In 

the machining slot C2-C3, the range of decrease in surface 

roughness is from 8.6% (corresponding to position D) to 

22.4% (corresponding to position A). Similarly, for the slot 

C3-C4,2.13 (corresponding to position B) % to 19.77% 

(corresponding to position C) decrease in the surface 

roughness is achieved. For C4 to C1, the decrease is per-

centage is from 6.4% for position A and 13.1% for position 

D.  

 

Fig. 10 Surface roughness segment (C1-C2) 

Table 4 

Surface roughness values (µm) on slots and corners with and without a fixture 

Position Surface roughness (µm) Position Surface roughness (µm) Specimen samples 

Without 

fixture 

With fixture Without 

fixture 

With fixture 

 
Machined specimen with fixture 

 
Machined specimen without fixture 

Corner 

C1 

C2 

C3 

C4 

Average 

 

1.125 

0.989 

0.699 

0.749 

0.8905 

 

0.791 

0.770 

0.847 

1.095 

0.87575 

Reduction by 

1.74 % 

Segment-3 

(C3-C4) 

A 

B 

C 

D 

Average 

 

 

0.679 

1.313 

0.986 

1.031 

1.00225 

 

 

0.780 

1.285 

0.791 

0.851 

0.92675 
Reduction by 6.12 % 

Segment-1 

(C1-C2) 

A 

B 

C 

D 

Average 

 

 

0.794 

1.095 

0.819 

0.979 

0.92175 

 

 

0.728 

0.81 

0.799 

0.892 

0.80725 

Reduction by 

19.28 % 

Segment-3 

(C4-C1) 

A 

B 

C 

D 

Average 

 

 

1.130 

1.065 

1.095 

5.1.295 

0.8625 

 

 

0.936 

1.035 

1.041 

0.869 

0.97025 
No reduction 

Segment-2 

(C2-C3) 

A 

B 

C 

D 
Average 

 

 

1.025 

0.809 

1.105 

0.972 

0.97775 

 

 

0.776 

0.799 

0.904 

0.914 

0.84825 

Reduction by 

15.18 % 

 

 

Corner 

SegmentC1-C2 

Segment C2-C3 

Segment C3-C4 

SegmentC4-C1 

Average 

Average 

(µm) 

0.8905 

0.92175 

0.97775 

1.00225 

0.8625 

0.9377 

Average 

(µm) 

0.8755 

0.80725 

0.84825 

0.92675 

0.97025 

0.8886 
Reduction by 11.44 % 

The elimination of the initial milling slot in each 

corner has been noticed more, and it needs to be strength-

ened by positioning the fin-like support system at the bot-

tom of the specimen. The milling segment - 4 (C4-C1) has 

more waviness of 1.13 to 1.295 µm due to the modulation 

of feed rate due to resistive forces against that specific 

nodal point displacements. An average surface roughness 

of 0.9377 µm is obtained without the machining without 

the fixture, but with the fixture arrangement the surface 

roughness value is 0.886 µm..Hence the average surface 

roughness reduction is around 11.44%. 

 

5. Conclusions 

 

Deform 3D simulation and experimental investi-

gations have been performed to obtain the surface rough-

ness and deformation of thin wall aluminium alloy 6061 

plate while machining in End-milling machine with the use 
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of work holding device of fixture with and without support 

heads. The cylindrical protruding support heads in fixture 

are arresting the displacement of workpiece at several nod-

al points and hence improve the surface roughness. In this 

research, the following conclusions have been arrived:  

1. From the deform 3D’s displacement prediction 

the percentage of reduction in displacements with support 

heads are 14.91%, 2%, 34% and 52% along X, X1, Y and 

Y1 axis respectively.   

2. The presence of a fixture with support heads 

resulted in a significant reduction in surface roughness 

ranging 1.74% at corner position and 19.28% at segment 1 

position.  

3. The average surface roughness reduction is 

around 11.44%. 

This study can be further carried out with other 

types of profiles of support heads by varying boundary 

conditions for further reduction of displacement and hence 

im-prove the surface roughness of aluminium thin wall 

pate machining in end-milling machine for several indus-

trial applications. 
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M. M. Natarajan, B. Chinnasamy, B. H. B. Alphonse 

 

DEFORM 3D SIMULATION AND EXPERIMENTAL 

INVESTIGATION OF FIXTURES WITH SUPPORT 

HEADS 

 

S u m m a r y 

 

Thin-walled aluminium components are used in 

many sectors, including construction and aerospace. They 

are more resistant to deformation when subjected to a larg-

er amount of grinding. As a result, the stability of the work 

components deteriorates, and the surface roughness rises. 

This paper suggests using a well-designed fixture with 

support heads to reduce deformation caused by square 

thin-walled aluminium plate milling. The support heads of 

the recommended fixture system are made of high-carbon 

steel. The milling experiment is carried out in a CNC Ma-

chining centre using machining parameters identical to 

those used in DEFORM 3D-Simulation. Surface roughness 

is measured using the SURFTEST SJ-210 portable Surface 

Roughness tester in two scenarios: without and with fix-

tures used during the milling operation. Surface roughness 

values are lowered by a minimum of 3% to a maximum of 

19% as a result of using this fixture with support heads to 

reduce deformation. As a consequence, the suggested fix-

ture with support head has been shown to decrease distor-

tion in thin-walled aluminium plates. 

 

Keywords: CNC milling, surface roughness, fixture, de-

form 3D. 
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