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ABSTRAK

Hasil observasi menemukan permasalahan tingginya waktu setup dies komponen otomotif. Penyebab utama tingginya
waktu setup adalah proses mengencangkan dan melepaskan baut yang dilakukan secara manual. Penelitian ini bermaksud
merancang sebuah alat bantu, clamping dies untuk mempercepat proses pemasangan baut, dan memangkas waktu setup dies
komponen otomotif. Metode yang dilakukan dalam penelitian ini mengacu pada hasil studi lapangan dan penyelesaian
masalah perancangan clamping dies. Perancangan desain dimulai dengan menggambar objek menggunakan software CAD
berdasar pada hasil perhitungan beban, pengukuran dies dan mesin press serta pemilihan material. Selanjutnya dilakukan
analisis gerakan menggunakan Predetermined Time Study Method dan Measurement Time Method (MTM) terhadap
rancangan clamping dies dan kemampuan mengurangi waktu setup dies. Dari penelitian tersebut, maka dengan perancangan
ini akan diperoleh penghematan waktu sebesar 92,4% dari metode pemasangan reguler.

Kata kunci: clamping dies, desain dies, MTM, setup dies.

ABSTRACT

The observation found the problem of high setup time of automotive component dies. The leading cause of the high
setup time is the manual tightening and unscrewing. This research intends to design a tool; clamping dies, to speed up the
bolt installation process and cut the setup time of automotive component dies. The method carried out in this research refers
to the results of field studies and solving the problem of designing clamping dies. The design begins with drawing objects
using CAD software based on the results of load calculations, measurements of dies and presses, and material selection.
Furthermore, motion analysis using the Predetermined Time Study Method and Measurement Time Method (MTM) is
carried out on the design of clamping dies and the ability to reduce dies setup time. From this research, this design will obtain
a time saving of 92.4% from the regular installation method.

Keywords: clamping dies, dies design, MTM, setup dies.
1. INTRODUCTION

PT Ganding Toolsindo manufactures automotive components and was founded in 1998 by Ir. H. Wan Fauzi, which
faced the high setup time for automotive components on the machine. The main issue causes a long process of removing and

tightening bolts, which is done manually [1]. Tightening and removing bolts on automotive components requires work aids
to streamline the process time. Die clamping tools aim to minimize mould assembly time, which was previously used with a
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manual hammer. Making plans starts with making component drawings and dimensions using Computer Aided Design
(CAD) software, followed by software design analysis based on Computer Aided Engineering (CAE). The stress on the
mould clamp plate is 2.3 N/mm?, while the manual calculation is 61.5 N/mm? [2]. The auxiliary clamp tool can also be used
as a flaw detection tool during machining with a design according to the guidelines used. From the design made, it can be
seen that the characteristics of the clamp required by the customer include: preventing vibration during machining, allowing
the tool to reach the entire surface of the workpiece, positioning the workpiece well before and during the process, preventing
freezing, quick and easy setup.

Ahmadi, R. and Poernomo, H designed tools to make opening and closing the mould easier. PT Berliana's problem is
that there are no tools to open and close the mould, so the process involves using a vast copper hammer. The purpose of using
this tool is to minimize mould assembly time, which was previously used with a hammer. The design process starts with
making component drawings and dimensions using Computer Aided Design (CAD) software, followed by an analysis of the
design software based on Computer Aided Engineering (CAE). The stress on the mould clamp plate is 2.3 N/mm?, while the
manual calculation is 61.5 N/mm? [2]. Costa, C et al conducted research to overcome the problem of gripping materials with
complex shapes with manual control so that it is difficult to detect if dimensional errors occur. Research was carried out by
developing a clamping tool with hydraulic power or what could be called a hydraulic clamp. Hydraulic Clamping is designed
according to the part to be clamped, making it easier to use. The clamp characteristics customers require include preventing
vibration during machining, allowing the tool to reach the entire surface of the workpiece, positioning the workpiece well
before and during the process, preventing deformation, and quick and easy adjustment. The clamp consists of a hydraulic
circuitand a supporting structure. The results show that clamp tools can increase a company's production capacity by reducing
production costs, reducing lead time, and reducing the occurrence of product defects [3].

Making a clamp/vise to clamp the workpiece on a milling machine begins with designing 2D and 3D drawings of the
hydraulic vise, followed by calculating the working forces and then carrying out design analysis using Finite Element
Analysis (FEA) based software. The results show that the designed hydraulic vise has a permissible stress of 125 N, a
compressive force of 39.2 N, a cutting force of 74.4 N, a shear force of 74.46, a friction force of 29.008, maximum bending
stress of 14.06 x 106 MPa, maximum shear stress of 39 MPa, a twisting moment of 11.34 Nm, Circumferential force 2.268
N, maximum grip force 38.92 N [4]. The hydraulic construction of the clamping unit is used to design a hydraulic system for
the mould clamp unit which functions to press and hold the mould platen. The aim of holding the mould is so that during the
material injection process into the mould there is no movement or opening. The force that the clamping unit system must
withstand is more than 700 tons [5].

The cylinder design of the hydraulic cylinder used in gripping workpieces from CNC machine tools is specifically for
guide disks. Numerical control methods are used for clamping automation, spindle control, telescopic hydraulic control, and
holistic structural design. Active isolation technology is used to increase reliability and stability. The results show that an
automatic clamping design has been obtained where as long as the button is pressed by the operator, the workpiece will be
clamped quickly by itself. In addition, it has also been proven to be stable, safe, reducing operator labor intensity [6].

The hydraulic system's role in supporting clamping is carried out with a total load of 500 kg using a piston with a
pressure of 70.77 kg/cm?and a cross-sectional area of 7.065 cm? [7]. Designing a hydraulic press machine with a capacity of
50 tons requires a fluid pressure (P) of 250 bar with a maximum force loading of 490.5 N and a maximum tensile stress of
1172 N/mm? [8]. It is necessary to pay attention to selecting hydraulic press machine materials to produce a safe design by
the desired criteria [9]. Simulation and design modeling is one method that can be used to improve the performance of
hydraulic press machines [10] The control system can be one of the additional devices implemented on a hydraulic press
machine to detect leaks in the piston [11]. The performance results from the simulation are then compared to determine the
effectiveness of the design [12]. Another factor that must be considered in designing a hydraulic machine is work safety [13].
The tools designed must be ensured to be safe to operate and not have an impact on user safety. The role of a hydraulic tool
must also pay attention to the cost factor required [14]. The more sophisticated the technology used, the more costs will be
incurred.

The Single Minute Exchange of Dies (SMED) method can reduce the setup time for dies in various companies. The
equipment used is a hydraulic table, which can help move the dies from the die storage area to the press machine. The results
show that using a hydraulic table as a tool for dies moving can increase the dies moving rate by 46% [15]. In this research, a
design tool will be created which aims to speed up the die setup process. The total die setup time is 35.73 minutes per setup.
Meanwhile, the time used to remove the bolt was 107 seconds [1]. The work aid desigh made in this research is in the form
of clamping dies, which are expected to reduce machine setup time. Based on the preliminary study, using die clamping tools
can reduce the operator's work in removing and tightening bolts during the press machine die setup process.

2. METHOD

The research stage begins with looking for references through literature or direct observation in the field. During field
observations, observations were made regarding the die replacement activities of one of the related companies. The next stage
is to formulate the problem for the research and then determine the research objectives.

The data collection stage begins by collecting data on the dimensions of the brand C press machines. Data collection
on press machine dimensions is carried out by taking direct measurements of the press machine used. The next data is the
weight of the dies used. All dies used in the press machine are recorded so that the largest die weight is obtained. The last
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data needed is the dies material data used. Die material data was collected by interviews with the factory owner, who was
directly involved. From the data obtained, the mechanical properties are then searched from the references that have been
studied.

After getting the initial data, namely machine dimensions, dies weight and dies material, the next step is to create a
Clamping Dies design drawing. The design drawing | made includes the upper clamp and lower clamp designs along with
detailed sizes.

The final step after making the design drawing is to analyze the bolt installation movement so that the length of time
for installing the dies can be known so that the savings that occur by using dies clamping tools can be determined.

2.1. Dimension

Brand C press machines dimensional data is carried out by taking direct measurements on the press machine. Next,
from this data, a drawing of the press machine and its dimensions is created using CAD software. These can be seen in
Figures 1 and 2.
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Figure 1. Front View of The Press Machine
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Figure 2. Side View of The Press Machine

From those Figures we can see that the total length of the press machine is 3750 mm, the width of the press machine
is 1500 mm, and the total height of the press machine is 5500 mm. Meanwhile, the machine table has a length of
2350 mm, a width of 1350 mm, and a maximum height of 1800 mm. The clamping dies will be placed in which
Tslot on the machine table which functions to clamp the dies automatically as depicted in Figure 3.

In Figure 3 we can see the complete dimensions of the Tslot die machine table. This size will later be
adjusted to the size of the clamping dies so that they can fit into the Tslot.

28

Figure 3. Dimension of Tslot
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2.2. Weight of the dies

The weight of the dies is done by taking weight data on each die used at the location observed. The dies data used can
be seen in Table 1.

Table 1. Dies used on brand C press machines

No. Name Dies  Part Process Dimension (I xw x h)  Weight (kg)
1 Dies 1 65258/68 Blank 900 x 700 x 460 1200
2 Dies 2 Basepan Blank 900 x 580 x 420 900
3 Dies 3 Nut Raw Blank/Pie 950 x 530 x 470 1857
4 Dies 4 Washer 1 Blank/Pie 1000 x 450 x 460 800

From the data in table 1, the largest die size is taken, namely 1875 kg, in the calculations it is rounded up to 2000 kg.
2.3. Material dies

The material used in making dies is SS-41 material or often called assental iron. Assental iron is a type of iron that is
processed through forging and pressing at high temperatures. This process produces a material with superior mechanical
properties, including high tensile strength and exceptional resistance to corrosion. Meanwhile, the material used to make the
clamping dies is SS-45.

3. RESULTS AND DISCUSSION

Initial data is obtained from the dimensions of the press machine and the dimensions of the Tslot used. The Tslot
dimensions are 47 mm long at the bottom, 4 mm high and 28 mm wide at the top. From this data, the dimensions of the clamp
that will be designed can be calculated.

The dies used weigh 2000 kg. The number of clamps that will be designed is 4, with details of 2 upper clamps and 2
lower clamps. The two Upper Clamps are installed diagonally as are the 2 lower clamps which are installed diagonally. The
distribution of load on each clamp can be seen in the following formula:

__ 2000 kg

F =500k @)

where
F = load on each clamp

3.1. Upper Clamp Design

From the results of temporary data processing, the dimensions of the Upper Clamp are obtained along with a
design drawing of the upper clamp that will be used. The Upper Clamp design drawing can be seen at Figure 4.
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Figure 4. Upper Clamp Design
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Notes:
Drod =22 mm
Dy =30 mm
Disp =20 mm

Dbody: 80 mm

The upper clamp movement mechanism is that when the clamp clamps, the piston will move down so that
fluid enters the cylinder which makes the cylinder move down and clamps the die. On the other hand, when the
clamp is opened, the piston will move up so that fluid comes out of the cylinder, causing the cylinder to rise.

3.2. Lower Clamp Design
The design and dimensions of the lower clamp can be seen at Figure 5 and Figure 6.
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Figure 5. Lower Clamp Design, Front View

From Figure 5, the front view of the lower clamp can be seen that the upper dimensions are 170 mm long and
the lower dimensions are 120 mm long. The height of the lower clamp is 140 mm. The outer diameter of the
cylinder is 50 mm and the inner diameter of the cylinder is 25 mm.
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Figure 6. Lower Clamp Design, Bottom View

Figure 6 shows the lower clamp design. From this picture, you can see the width dimensions of the lower
clamp. The width of the lower clamp on the left (clamp) is 50 mm, while the width on the right (where the piston)

is 100 mm.
The movement mechanism is that when the clamp clamps, the piston will move forward and the fluid will

move in, making the left clamp lever move down so that it clamps the bottom die. Conversely, when the clamp is
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opened, the piston will move backwards so that the fluid in the chamber comes out, causing the clamp lever to
rise.

3.3. Analysis of the Movement of Removing Bolts and Tightening Bolts in the Dies Setup Process

The use of clamping dies will affect the setup dies process. The manual process of removing bolts will
disappear when you use this die-clamping tool. The initial process was to manually open the bolts one by one
using a ring wrench, replaced by a clamping die where the tightening process is automatically assisted by hydraulic
power. The process of removing the clamping dies on the front and back of the upper die is as follows:

The operator presses the hydraulic button for the upper clamp to the off position
The operator grabs the left and right front upper clamps with both hands simultaneously
The operator pulls and releases the left and right front clamps from the T-Slot with both hands simultaneously
The operator places the clamp
The operator releases the clamp on the back of the upper die
The operator grabs the left and right clamps together with both hands
The operator pulls and releases the left and right clamps from the T-Slot with both hands simultaneously
The operator places the clamp
Meanwhile, for the process of removing the clamp on the lower die the process is as follows:
The operator presses the hydraulic u-clamp lower system button
The operator reaches for the lower die clamps on the left front and rear
The operator pulls and releases the clamp on the lower die on the front and rear left of the T-Slot
The operator grabs the right front and rear clamps
The operator pulls and releases the rear clamp bag from the T-Slot
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3.4. Analysis of the Time to Remove Bolts and Tighten Bolts in the Dies Setup Process

Based on the analysis of the movement of removing the clamp for the upper die and lower die, the time was
determined using a predetermined time study with the MTM method. Where the steps taken are to analyze the
movement and determine the time to release the clamp on the upper die and lower die based on the MTM Table
and mapping the movement using the Right Hand and Left Hand Map (Assuming the length of the hand reach to
the die clamping tool is 30")

Based on mapping with right-hand and left-hand maps and the MTM method, the time required to remove the
upper die clamp is 158.3 TMU, where 1 TMU = 0.036 seconds, so the time to remove the upper die clamp is 158.3
TMU x 0.036 seconds = 5.7 seconds.

Based on mapping with right-hand and left-hand maps and the MTM method, the time required to remove the
lower die clamp is 66.7 TMU, where 1 TMU = 0.036 seconds, then the time to remove the upper die clamp is 66.7
TMU x 0.036 seconds = 2.4 seconds.

The total time to remove the upper and lower die is 5.7 seconds + 2.4 seconds = 8.1 seconds. Meanwhile, you
should remove the upper die with a manual bolt. In that case, it takes 107 seconds (Source: Competitive Research
Report "Implementation of SMED in the SEY] SN2-300 Press Machine Die Replacement Process, so it clearly
shows that if the bolt is manual to tighten the upper die and Lower die will result in time savings of 98.9 seconds
or a decrease in die removal time of 92.4%.

4. CONCLUSION

The conclusion obtained from the data processing that has been carried out is that a dies clamping design has
been obtained in the form of an upper clamp and a lower clamp that can withstand a maximum die load of 5 kg
with SS-45 iron material and the results of the predetermined time study analysis with the proposed Replacing
bolts using a die clamping tool can reduce setup time by 92.4%.
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