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A hardness-checking machine is a crucial tool in engineering studies, especially in mechanical and manufacturing 
processes. It is usually used to measure, calibrate, and standardize the quality of products. This study is based on 
the field problem in Akebono Brake Astra, Indonesia, where more manual tools are used to meet product demands. 
In consideration of this issue, a modified hardness checking tool with automatic operation has been developed. Using 
automatic operation is beneficial in terms of time and cost efficiency in comparison with other manual tools. Automatic 
tools apply the 3-axis system mechanism, using a Festo linear actuator with a servo motor. The testing capacity of 
automatic devices is equal to more manual devices. The frame of the auto checking hardness machine is assessed 
in this study by applying load variations. Drawing on other similar work on auto checking hardness machines, this pa-
per provides a comparison of various aluminum frame types based on different tensile strengths and cross-sectional 
area values. The baseplate for hardness testing is also calculated. There are 9 testing points for calculating the use 
of linear guides for the baseplate. The results show excellent tensile strength values, as well as a good displacement 
and maximum stress. 

Key words: auto checking hardness machine, finite element method, aluminum frame design, displacement value, 
maximum stress, safety factor

INTRODUCTION

Material testing, calibration, and analysis are the essen-
tial processes in the material and structural characteriza-
tions of materials that are possibly subjected to various 
loads in technical applications [1-7]. The main material 
testing variable is hardness, which represents the resis-
tance properties due to deformation and destruction. De-
formation includes elastic deformation, plastic deforma-
tion, the press-in process, and scratches. Generally, the 
testing of material hardness includes Rockwell, Brinnel, 
Vickers, and Micro Hardness. Every test applies a man-
ual non-destruction system that does not inflict damage 
to the material [8]. New hardness tests that comply with 
production demands need to be developed, for example, 
in Akebono Brake Astra, Indonesia, where more manual 
hardness testers with a single capacity are used. To the 
academic person or researcher, this indicates the need 
for the development of new tools. The checking prod-
uct used in the company represents approximately 10% 
of their massive production, and this product must be 
checked through quality control.
Moreover, manual hardness testers are operated by an 
operator [9], causing problems associated with bottle-
necks, efficiency, cycle times, and human error. This pa-
per provides reverse engineering knowledge to modify the 
manual hardness check of the Mitutoyo Hardness Tester 
Hr-522 series, thus producing an Auto Checking Hard-
ness Machine. The Auto Checking Hardness Machine is 

used as a substitute for manual tools. The auto checking 
hardness machine applies a 3-axis system mechanism, 
with a linear drive and a servo motor as the driver.

ENGINEERING DESIGN FOR MODIFIED HARDNESS 
TESTER

Design flow

The study of reverse engineering in this paper studies the 
sequences of stages of an object’s deconstruction or mod-
ification to complement its design and provide a new pur-
pose [10]. Reverse engineering studies are not only con-
cerned with creating a copy product or changing the shape 
of a product [11]. They are based on engineering analysis, 
which consists of structural analysis, dynamics analysis, 
and material processes. Figure 1 shows the design flow 
of our reverse engineering study, involving the design and 
modification of the Auto Checking Hardness Machine.
This research starts by defining the problem based on a 
literature review. Chapter 1 shows the investigation of the 
highlighted issues, while in chapter 2, a literature review 
is conducted to explain the existing theory. The design 
process starts with a creative design and detailed design. 
The creative design involves a sketch design of the prod-
uct, the preliminary design involves the 3D modelling of 
CAD, and the detailed design is the result of a simulation 
process. This paper provides the reverse engineering de-
sign flow process up to the detailed design stage.
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Figure 1: Design flow of reverse engineering 
process(Re-drawn based on [10])

Design process

Field study

Reverse engineering concepts are applied in the actual 
case of Akebono Brake Astra Indonesia's Quality Check 
department (see Figure 2). Ideally, a tool is operated by 
an operator. However, the actual case shows that six 
tools are operated by an operator. Figure 2 shows the 
application of 6 Mitutoyo Hardness Tester HR-522 man-
ual tools that are operated by a single operator.
From Figure 2, the problems that need to be solved 
include the replacement of 6 manual hardness testing 
machines by one modified hardness testing tool with an 
automatic system that can replace the testing capacity 
of 6 manual hardness testing machines. Using the Auto 
Checking Hardness Machine, manual work is reduced, 
as the machine works automatically. Therefore, the op-
erator only prepares the test specimen. The standard 
brake pad hardness test is divided into 4 rectangular 
points, and the hardness test value of each specimen 
is automatically inputted into the operator's computer for 
the process of checking and evaluation. The other auto-
matic machine for hardness testing by TA Instruments, 
New Castle, United Kingdom is shown in Figure 3 and 
Table 1 [12].

Figure 2: Illustration of an operator conducts hardness 
test using six tools [9]

Figure 3: Automated Hardness Tester (AHT) [12]
However, there are some drawbacks of this automatic 
hardness tester: this tool is not designed to check the 
shape of brake pads because the dimensions of this tool 
are 30-45mm in diameter, with a thickness 4-6mm. It 
therefore requires a bigger space than is available, and it 
requires a high cost, including maintenance costs. How-
ever, manual tools will be unused if they are replaced 
with an Automated Hardness Tester (AHT).

First concept

The design process of the Auto Checking Hardness Ma-
chine has several stages. The first stage of the design 
was obtained after studying the needs of the market. Fig-
ure 3 denotes the first concept design of the Auto Check-
ing Hardness Machine. It applies a linear actuator for the 
vertical mechanism and a rotary actuator for the rotating 
mechanism. Unfortunately, the testing point in this con-
cept forms a curved pattern. Thus, it cannot be used in 
the quality control due to the testing standard, which re-
quires hardness testing in four rectangular points.

Discussion

The discussion process includes the decision-making 
process after the first concepts are defined, which gen-
erates three designs (Figure 4). The difference between 
the 3 optional designs is the position of the 3-axis mech-
anism linear drive. The first option exhibits the Z-axis 
(Red), X-axis (Blue), and Z-axis (Green), from the bot-
tom. The second option exhibits the X-axis (Blue), Y-axis 
(Green), and Z-axis (Red) position. The third option ex-
hibits the Y-axis (Green), X-axis (Blue), and Z-axis (Red) 
position. Every linear drive employs a Festo linear drive.

Rotary 
Actuator

Linear 
Actuator

Figure 4: First design concept
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Design modelling

Concept evaluation

The difference between the three design concepts lies in 
the position of each axis. Design 1 gives the bottom-most 
position to the Y-axis, followed by the X-axis and Z-axis 
[see Figure 5 (a)]. Design 2 gives the bottom-most position 
to the X-axis, followed by the Y-axis and Z-axis [see Figure 
5 (b)]. Design 3 gives the bottom-most position to the Y-ax-
is, followed by the X-axis and Z-axis [see Figure 5 c)]. The 
criteria included whether it is strong and safe, ergonom-
ic, comfortable to use in manufacturing, easy to maintain, 
and lightweight, as well as whether it has a minimalist size. 
Table 1 shows the results of the design evaluation, which 
indicates that design scenario 3 [Figure 5 (c)] has the best 
results according to the parameter assessment.

Z-axis (Red)
X-axis (Blue)
Y-axis (Green)

X-axis (Blue)
Y-axis (Green)
Z-axis (Red)

(a) (b)

(c)
Figure 5: Optional design of Auto Checking Hardness 

Machine

Parameter Value

Design concept
Scenario 1 Scenario 2 Scenario 3 Maximum reference

Score Score 
value Score Score 

value Score Score 
value Score Score 

value
Strength and safety 20% 3 0.6 4 0.8 5 1 5 1

Ergonomic 20% 2 0.6 3 0.6 3 0.6 5 1
Manufacturability 20% 2 0.4 3 0.6 4 0.8 5 1

Minimalistic 20% 4 0.8 3 0.6 3 0.6 5 1
Easy maintenance 10% 3 0.3 3 0.3 3 0.3 5 0.5

Weight 10% 3 0.3 4 0.4 3 0.3 5 0.5
Total 3 3.3 3.6 5

Table 1: Design evaluation matrix of Auto Checking Hardness Machine

Design assembly

Each design assembly has a linear drive, adapter kit, 
parallel kit, servo motor, and linear guides [see Figure 
6]. The adapter kit plays an essential role in connecting 
every linear drive into the frame [13]. The parallel kit con-
nects the linear drive with the servo motor in a parallel 
position, and the linear guides brace the loads and assist 
the linear drive movements. An EGSC linear drive is used 
on the Z-axis to withstand vertical loads. A 600mm Festo 
ELGC linear drive is used on the X-axis to fill-up the most 
significant brake pad width. A 100mm Festo ELGC linear 
drive and Festo ELFC linear guides are used on the Y-ax-
is to fill-up the most significant brake pad length.

(a) (b)

(c) (d)

(e)

Figure 6: Components of design assembly
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Component detail

The components used are linear drives, linear guides, and 
Keyence security sensors. This security sensor is used 
to keep the operator safe during the testing process [14]. 
The linear guides used are Misumi LGR SE2B-400 at 
400 mm [see Figure 6 (d)]. The Auto Checking Hardness 
Machine was supported by a 45x45mm aluminum frame, 
with an additional 2mm metal frame cover (see Figure 7).

ANALYSIS PREPARATION

Finite element benchmarking

Design and configuration

The validation process is a method used to prove that 
a research methodology can be valid [15]. The valida-
tion process in this research complies with the design 
research and static analysis of the Shell Eco-Marathon 
frame concept chassis analyzed in our previous work, 
published in [16], on finite element simulation, which will 
be used for comparison under the same boundary con-
dition. This paper provides a comparison of manual cal-
culation, the Autodesk Inventor simulation used in previ-
ous works, and the current work using Autodesk Fusion 
360. This preliminary design was developed using the

A: Safety Sensor Keyence
B: Misumi LGR SE2B – 400

C: Linear Bushing Base 
D: Brake Pad Jig Base 

E: Festo EGSC – BS – KF – 60 – 75 12P
F: Misumi Linear Bushing MFINS30 

G: Linear Guide Base 
H: Festo Parallel Kit-EAMM-U-65-T42 
I: Festo Linear Drive ELGC-BS-KF-60

J: Festo Motor – EMMB – AS – 60 – 02 
K: Festo Linear Drive ELGC – BS – KF 

L: Mounting to Frame
M: Festo Linear Guide ELFC – KF – 60

N: Festo Adapter Kit EHAA – D – L2
Figure 7: Detailed component assembly

Autodesk Inventor [9]. This research uses ladder frame 
type chassis, with aluminum square hollow type AA 6061 
as the main material. The dimensions are 2060mm long 
and600 mm wide, with two main aluminum bars (40x40x-
2mm), and the structure is reinforced by seven alumi-
num supporting rods (25x25x3mm) [2,9]. The boundary 
condition process of Hidayat's research involves the 
external load on seven aluminum support bars, and the 
two main aluminum bars are the constraints on this de-
sign. The machine's support beam chassis are loaded 
with 196.2 N from machine mass and supported by two 
support beams. The driver's body is loaded with approx-
imately 294.3 N from the body mass and supported by 
two support beams. The support beam near the driver's 
leg is loaded with 98.1 N, as the assumed mass of the 
driver's leg.

Results

The parameters used in this research are the maximum 
stress (MPa), displacement (mm), and safety factor. The 
results for the first benchmark show that the highest 
gap in the simulations is 24.337%, and the lowest gap 
is 0% (exactly the same as the benchmark reference). 
Meanwhile, the comparison of manual calculations and 
simulations shows a relatively distant difference of up 
to 43.18%. The average comparison with the smallest 
manual calculations in the displacement parameter is 
56.82%, which is quite striking. The average simula-
tion comparison shows that the validation value is in the 
range of 0% to 15.17%.
The second benchmark method used is to vary the mesh 
size [17-21] from 5 to 60 mm within an interval of 5. The 
mesh size variation is applied within the driver's leg 
frame area. The driver's leg area is chosen, because the 
comparison of manual calculation and simulation shows 
the most significant ratio, compared to other parts of the 
frame. The parameters affected by differences in mesh 
size are nodes, elements, maximum stress results, and 
displacement. Nodes are points that form a smaller geo-
metric shape, which will be analyzed to form elements 
[22]. The results are summarized in Figures 8 to 10.

0

5000

10000

15000

20000

25000

30000

5 10 15 20 25 30 35 40 50 60

Nodes Elements

Figure 8: Mesh size benchmark over nodes 
and elements
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Figure 9: Mesh size benchmark over maximum stress
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Figure 10: Mesh size benchmark over displacement

Extended study on engineering design

Design and configuration

The structure design process is adapted to the dimen-
sion of a 3-axis motion machine. The dimensions of the 
frame are determined by the length of the X-axis linear 
actuator and the length of the Y-axis linear actuator. The 
Y-axis frames are supported by an additional structure
on sections B and C (see Figure 11).
The side frame structure of the Auto Checking Hardness 
Machine (see Figure 12) is made higher than the main 
testing machine, with the aim of installing a security sen-
sor. The special bolts are used to connect each alumi-
num profile of the mainframe. The Mitutoyo Hardness 
Tester HR-522 testing machine is not directly placed by 
the frame, because the level of the adjuster and the ma-
chine itself is aligned and configured so that the working 
desk directly supports it (see the mass list in Table 2). 
The frame meshing has 1,745,598 nodes and 875,321 
elements, which also shows four critical points. The 

Figure 12: Meshing uses in the simulation of the frame

frame meshing has a parabolic element order, maximal 
turn angle on curve of 60°, maximal adjacent mesh ratio 
of 1.4, and maximal aspect ratio of 1.0. The structural 
analysis uses Autodesk Fusion 360 to conduct the finite 
element calculation. The material used for the structure 
is aluminum profile 6060 series. As presented in Figure 
13, there are six constraints or load points, and four load 
points are at the bottom of the level adjuster, which is 
supported on the working table, and two load points are 
supported by the hardness test machine. In this simula-
tion analysis, the loads are divided into two main types: 
the 4-point concentrated load and the distributed load on 
the bottom of the frame. The only constant load is the 
load on the topside, which supports the linear guides.
The frame of the distributed load scenario (Figure 14) is 
loaded with a 259.7 N distributed load. Afterwards, the 
load is divided into two lower frame arms, where each 
frame receives a load of 129.85 N. Secondly, the con-
centrated load scenario is loaded with 259.7 N. It is di-
vided into four mounting frames, making a centered load 
of 64.925 N. The first and second load scenario have the 
same distributed loads on the topside frame arms. A load 
of 380.89 N is divided across two arms, such that each 
arm receives a load of 190.445 N.

No Part Mass (kg) No Part Mass (kg)

1 Brake 
pads 2 8 Servo 

motor 1.6

2 Base 
plate 6 9 Parallel kit 0.6

3 Jig 2 10 Adapter kit 0.2

4 EGSC 
(Z) 3.1 11 Linear 

guides (Y) 4.8

5 ELGC 
(X) 7.9 12 Linear 

guides (X) 17.52

6 ELGC 
(Y) 2.7 13 Linear 

guides (Z) 2.66

7 ELFC 
(Y) 2.2 14

Linear 
bushing 

base
6.5

Table 2: Defined mass of the frame components

(a) (b)

(c) (d)
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Figure 11: Mesh size benchmark over displacement 
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(a) (b) (c) (d)

Figure 13: Location of the defined constraint system

(a) (b)
Figure 14: (a) Distributed load modelling, 

(b) Concentrated load modelling

Design and configuration

Four varieties of aluminum frames can be used in this 
project: high rigidity, economic, lightweight, and stan-
dard aluminum (see Figure 15). These aluminum types 
are different from the cross-section area and its material 
properties, as presented in Table 3.

Figure 15: (a) Economy type, (b) High-rigidity type, (c) Lightweight type, (d) Standard type

Frame type Aluminum type Cross Sectional-area (mm2) Tensile strength (MPa) Material uses on Autodesk Fusion 360
High-rigidity Al6063S-T6 1171 330 Al6060
Lightweight A6N01SS-T5 713 265 Al5052-H34
Economy A6063S-T5 713 155 Al3105-H12
Standart A6N01SS-T5 777 245 Al3004-H34

Table 3: Properties of material used for the finite element simulation

Setting and configuration for baseplate analysis

The baseplate is the supporting plate, where the brake 
pads are situated for the press test. The baseplate is 
connected to three shafts, including the Festo EGSC 
linear drive, and supported by the Misumi shaft on the 
Z-axis. The movement of the Misumi shaft is guided by 
the Misumi linear bushing, which is placed on the linear 
bushing base (see Figure 16).
The baseplate is simulated using a static simulation on 
Autodesk Fusion 360, which also involves the Misumi 
shaft, baseplate, and yoke plate (Festo EGSC axis Z) 
[23]. The material used for the baseplate is S45C. The 
material used for the Misumi shaft is 52100. The Yoke 
plate is part of the Z-axis Festo EGSC, which is directly 
related to the baseplate. The Yoke plate uses aluminum 
standard material and centered loading, caused by an in-
denter with a Rockwell S measurement scale of 100KGF. 
There are nine loading points, but only 6 points are con-
sidered as critical points, which are the points in the cor-
ner and beside the plate [see Figure 17]. Indenter scale 
S is represented with a 12.7 mm cylindrical body.

Figure 16: Base plate assembly: 3D illustration
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Figure 17: 9 pints loading over the baseplate
There are two types of constraints on the baseplate anal-
ysis. The first is the three mounting frames. There are two 
Misumi shafts and a yoke plate Festo EGSC on the Z-ax-
is. The second is that there is only one mounting point, 
namely, the yoke plate Festo EGSC on the Z-axis. The 
constrained placement variety explains the impact of the 
linear guide in supporting the baseplate [see Figure 18].

RESULTS AND DISCUSSION

Performance of structural frame

Static simulations are implemented on a high rigidity-type 
frame, standard-type frame, lightweight-type frame, and 
economical-type frame. The simulation conducted using 
a concentrated load is performed on the lower frame with 
a supporting 3-axis tool, while in the upper frame, it is 
performed on the supporting linear guides. Six constraint 
points work on the frame, the workbench supports 4 
points, and 2 points are supported by the Mitutoyo Hard-
ness Tester HR-522. The results of the simulation are 
explained in Tables 4 and 5.
The distributed load simulation, which has been conduct-
ed, has a higher value than the concentrated load due 
to the lower frame supporting a higher load [24]. This is 
because the distributed loads are heavier than the con-
centrated loads. The load received under the framework 
is 129.85 N. While the load held by the lower frame, with 
the concentrated load type, is the total load divided by 

(a)

(b)

Parameter High-rigidity Lightweight Standard Economy

Displace-
ment 
(mm)

1.53×10-2 5.23×10-2 5.33×10-2 5.34×10-2

Maximum 
Tensile 

Strength 
(MPa)

2.77 9.43 9.42 9.46

Safety 
factor 15 15 15 15

Table 4: FEM static simulation result using distributed 
load

Parameter High-rigidity Lightweight Standard Economy

Displace-
ment 
(mm)

8.8×10-3 1.93×10-2 1.97×10-2 1.98×10-2

Maximum 
Tensile 

Strength 
(MPa)

2.6 5.66 5.54 5.55

Safety 
factor 15 15 15 15

Table 5: FEM static simulation result using concentrated 
load

four 3-axis tool holders, which is 64.925 N. The high-rigid-
ity type, shown in Tables 8 and 9, has the best value com-
pared with the other types. This is because of the proper-
ties of the high-rigidity frame type, with a cross-sectional 
area and tensile stress. The lightweight, standard, and 
economic type generate almost the same value. The eco-
nomic type has a weak value, because it has the most 
significant result in all parameters. This is because the 
economic-type frame has the smallest value for all other 
properties, besides the tensile strength and cross-sec-
tional area [25]. The maximum stress on the lightweight 
aluminum frame in the concentrated load simulation is 
higher than that on the standard and economic-type alu-
minum frames. Conversely, in the distributed load, the 
maximum stress on the lightweight aluminum frame is 
higher than that of the standard-type aluminum frame. 
This phenomenon may be because the maximum stress 
value is determined by the cross-sectional area, which 
affects the moment of inertia. While the cross-sectional 
area of the lightweight-type frame and the economic-type 
frame are the same, the tensile strength of the two frames 
is very different, at 110 MPa. This makes the maximum 
stress value of the lightweight-type frame lower than that 
of the economy-type frame in uniform loading [26].
In both static tests of the distributed load and concentrat-
ed load (Figures 19 and 20), the displacement values for 
the high rigidity-type are the highest, followed by the light-
weight-, standard-, and economic-type aluminum frames. 
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Figure 18: Baseplate’s constraint scenarios 
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Figure 19: Comparison of displacement values on 
 distributed and concentrated loading
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Figure 20: Comparison of maximum stress values on 
distributed and concentrated loading

This is consistent with the distribution of the material’s 
tensile strength properties, indicating that the higher the 
tensile strength value of a material, the lower the dis-
placement value and that the material can withstand a 
load through deflection [27]. The following explanation 
can be seen from the three parts of the frame that have 
the most critical reactions (Figures 21 and 22). The dis-
placement simulation involves the frame of the distrib-
uted load area in part A, the lower frame in parts B and 
C, and the frame that connects it. The stress simulation 
involves the upper frame of the distributed load area in 
part A, the lower frame in part B, and the connection of 
the frame in part C.
From Figures 21 and 22, it can be seen that there is a 
difference between the 2 static structural simulations in 
terms of load variations. In the distributed load area of 

A

B

C

Figure 21: Structural analysis: displacement contour of 
distributed loads high-rigidity type frame

A

B

C

Figure 22: Structural analysis: displacement contour of 
concentrated loads high-rigidity type frame

Part B, there is more deformation (shown in red). This is 
because the load of the distributed variation in Part B is 
divided into two frames. In contrast, the load of the con-
centrated variation in Part B is divided into four mounting 
frames. The green color in the middle of Part A (distrib-
uted load) has more deflection (mm) than the red in the 
concentrated load area, as reviewed by a color range 
on the right side. The distributed load in Part A produces 
0.0096 mm (green color), while the concentrated load in 
Part A produces 0.0088 mm (red color).

Performance of the baseplate

The analysis of the 9-point baseplate simulation, show-
ing the six most critical points, is shown in Table 6 and 
Figures 23 to 25. The aim was to predict the reaction of 
the baseplate in the testing process and the loading of 
the indenter, because the baseplate is the first part that 
holds the load of the indenter [28]. The parameters gen-
erated from this simulation are displacement, maximum 
stress, and safety factors [29-34]. The displacement val-
ue in design 1 and design 2 has points with the same 
upward and downward trends. The maximum stress 
value is also similar to the displacement value, because 
design 1 produces a better value than design 2 at six 
critical points (A, B, C, G, H, and I). The difference chart 
shows that as point C in design 1 goes up, design 2 goes 
down. This is caused by the position of the Z-axis EGSC 
yoke plate, which is not located at the midpoint of the 
baseplate. However, it is relatively close to the position of 
points C, F, and I. The safety factor results have reversed 
values, compared to the displacement and maximum 
stress, where the safety factor is becoming higher when 
the value displacement and maximum stress are getting 
smaller. The safety factor value in design 1 is better than 
that in design 2 at six critical points (A, B, C, G, H, and I). 
Almost the same values are found at points D, E, and F.
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Figure 23: Comparison of displacement value of designs 
1 and 2
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Position Parameter Design 1 Design 2

Point A
Displacement (mm) 1.13 × 10-1 1.32

Maximum tensile strength (MPa) 59.15 191.91 
Safety factor 11.37 7.89

Point B
Displacement (mm) 1.64 × 10-2 1.001

Maximum tensile strength (MPa) 28.91 151.28
Safety factor 15 10.01

Point C
Displacement (mm) 1.37 × 10-1 1.16

Maximum tensile strength (MPa) 60.74 143.951
Safety factor 10.68 9.27

Point D
Displacement (mm) 6.45 × 10-2 7.16 × 10-2

Maximum tensile strength (MPa) 35.29 40.73
Safety factor 13.88 13.84

Point E
Displacement (mm) 7.02 × 10-4 7.02 × 10-4

Maximum tensile strength (MPa) 8.54 8.54
Safety factor 15 15

Point F
Displacement (mm) 7.73 × 10-4 7.78 × 10-4

Maximum tensile strength (MPa) 8.75 9.19
Safety factor 15 15

Point G
Displacement (mm) 1.13 × 10-1 1.325

Maximum tensile strength (MPa) 68.21 194.403
Safety factor 13.23 7.79

Point H
Displacement (mm) 1.59 × 10-2 1.001

Maximum tensile strength (MPa) 28.17 153.91
Safety factor 15 9.84

Point I
Displacement (mm) 1.39 × 10-1 1.15

Maximum tensile strength (MPa) 68.45 142.32
Safety factor 12.82 10.64

Table 6: FEM simulation result of the 9 point baseplates test
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Figure 24: Comparison of the maximum stress value of 
designs 1 and 2
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Figure 25: Comparison of the safety factor of designs 1 and 2

CONCLUSIONS

To recapitulate, the Auto Checking Hardness Machine 
has been successfully developed from the conventional 
form of the Mitutoyo Hardness Tester HR-522 into an au-
tomated machine with some advantages, such as an as-

sembled mechanism with a 3-axis linear drive, supported 
by a linear guide system. Moreover, this machine can be 
expected to significantly increase the time efficiency of 
production. First and foremost, the finite element simu-
lation indicates that all four types of the aluminum frame 
can be used as the mainframe of automatic checking de-
vices, as shown by the astonishing number achieved in 
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this simulation. Nevertheless, the high-rigidity aluminum 
frame type obtained the best simulation score based on a 
low score of stress and displacement, with almost half of 
these values smaller than those of the three other types. 
On top of that, the high-rigidity frame type has the larg-
est cross-sectional area and maximum tensile strength. 
Chiefly, an extensive cross-sectional area causes its 
moment of inertia to become more significant and its 
tensile strength to increase, thus indicating the essen-
tial properties of its elasticity modulus, which support its 
load resistance ability. Secondly, the baseplate simula-
tion shows the performance of the linear guides, espe-
cially the Misumi linear guides, in resisting the checking 
loads from the indenter at all positions. In other words, 
the linear guides support the baseplate, particularly on 
the edge of the baseplate (A, B, C, G, H, and I). As illus-
trated in Figures 25 to 27, the resistance is about three 
times greater with the linear guides than without them.
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