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Abstract. The problem lies in the length of time it takes to make holes in the
key housing on the aluminium door frame profile using a drilling machine,
manual grinding, and filing. The aim of the study was to obtain a prototype for
a portable door housing key hole punch. The method of making a press tool for
a key housing punch on an Aluminum door frame profile in a portable manner
includes the design of the frame and the shape of the hole, making a prototype
of a portable punching mechanism frame, making a punch with a wire Electric
Discharge Machine (EDM) in the exact shape of the key housing hole, testing
the punching on different door frame profile thickness and lubrication varia-
tions, as well as data analysis. The test results show that (1) the sharp edge an-
gle of the 3-degree punch is too small which makes it easy to break after the
punch is used more than 20 times; and (2)The average punch force resulting
from perforation without lubrication compared to oil lubrication decreased by
about 0.5% and between with oil lubrication compared to grease lubrication de-
creased by about 4%.

Keywords: door lock housing, door Aluminum profile, lubrication, punch and
anvil, portable punching equipment

1 Introduction

Perforating metal plates can be carried out in various ways, including by drilling,
grinding, milling, or perforating using a punch and die for various hole shapes, rang-
ing from circular shapes or certain shapes. Perforation using punch and die is general-
ly carried out for materials in the form of metal plates ranging from relatively thin
thickness to thick enough thickness with relatively good perforation results when
using a precise press tool and the use of materials that are quite hard and sharp. Prob-
lems begin to arise if the holes are not in the form of a single flat plate, but in the form
of a rectangular profile which of course has holes in the inside. Difficulties are en-
countered in being able to place the die in axis across the surface of the plate to be
punched. Accidents can occur if the movement position of the punch is not in line
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with its partner mold, due to a collision that can blunt or cut the sharp surface or break
it.

2 Related Works

In previous experiments, preliminary results have been obtained indicating that
punching plates using a punch and a lead bearing can produce relatively good holes,
but for simple shapes in the form of a combined semicircular pair with longitudinal
grooves, the punching is still less precise. Perforating the plate using a punch is as-
sisted by using the compressive force of a car jack that is available and can be pur-
chased in the market. Lead bearings or hard rubber or wood may be used in prelimi-
nary experiments. Rubber is a hydrocarbon polymer contained in latex (the thick sap
of plants that freezes when exposed to free air). In industry, synthetic rubber can be
made. Rubber can be deformed by a large force that can return to its original shape
(almost all of it) if the force is removed [1].

Manufacture of the door frame profile punching device in the form of a rectangular
hole in the center with a thickness of up to 1.5 mm using a punch and a Lead bearing.
The compressive force will be measured using a Compression Testing Machine for
the design requirements of the force on the lever that most adults can perform with a
force on their right hand. The effect of thickness and Iubrication conditions is used as
an independent variable and the dependent variable is the force required for the perfo-
ration process at various thicknesses, while the controlled variable is the consistency
of the thickness of the aluminum material, the consistency of the lubrication condi-
tions (with and without certain lubricants, the similarity of the type of Aluminum
material, and the speed of testing). The pressure is made constant. The punch is de-
signed to follow the shape of the key housing on the market, so the results can be
directly used to meet the needs of punching the key housing on the market with a
certain tolerance for easy insertion of the key housing on the aluminum frame.
Punching with a precise punch can improve the method of making blanks by using a
punch which results in removing residual burrs due to perforation [2]. Inaccuracy in
dimensions between the punch and the die can result in the residue in the form of
burrs due to making holes using a punch.

To test the effect of six (0.009, 0.064, 0.12, 0.175, 0.231 and 0.287 mm) on finely
cutting shear depth, burr height and blanking force on aluminum sheets with a thick-
ness of 0.8, 1, and 1.5 mm, blanking was used 6, 8, 10, and 12 mm die diameter
shows that burr, smooth-sheared and punch force are closely related to the clearance
value [3]. The effect of differences in clearances, aluminum thickness and blank di-
ameter shows a close relationship to burr height, surface shear, and punch force.

The use of different materials for punch and die may become more cost competitive
for metal forming processes and is also a trend with the aerospace and automotive
industries using knowledge to improve product quality and cost reduction strategies
[4]. Using different punch and die materials can improve product quality and save
costs.



The Effect of Aluminum Profile Thickness and Type of Lubricant on Punch Force 215

In blanking, the part that is not hit by the punch is the part that is used, and the rest is
scrap. In punching, the part that is hit by the punch is discarded as scrap, and the re-
maining part is used [5]. Between blanking and punching as an inverse relationship,
for blanking on the inside of the material hit by a punch is used, while punching on
the outside that is not hit by a punch is used.

The blanking punch of K340 tool steel is tested with clearances of 5%, 10%, and 15%
of sheet thickness. The results show that the blanking clearance size is strongly influ-
enced by the wear intensity of the blanking punch edge and the degree of deflection of
the hook product [6]. The clearance of the blank is affected by the wear of the blank-
ing punch edge and the degree of deflection of the hook shape product being made.
The relationship between shear strength and tensile strength for Pure Al and AA 6061
materials was shown to be worth a shear strength of 95.3 MPa and a tensile strength
of 161.5 MPa for Pure Al and a shear strength of 216 MPa and a tensile strength of
320 MPa for AA 6061 [7]. Various materials have a relationship between shear
strength and tensile strength. For Pure Al the shear strength is about 59% of the ten-
sile strength and for AA 6061 the shear strength is about 67% of the tensile strength.
The quality of the S275 steel hole is 1.4 mm thick with 9 punching dies made with
clearance angles of the die of 0.25°, 0.50°, and 0.75° for each die size of 20.225 mm,
13.225 mm, and 12.225 mm. Burr formation and die weight loss were monitored for
the 10th, 50th, 100th, 500th, and 1000th punching. The punching results show that the
decrease in die weight and wear indication increases with the increase in the number
of punching with the largest weight loss in the early stages of punching (10-50th). The
lowest weight loss was obtained for molds with clearance angles of 0.75° correspond-
ing to the lowest wear incidence [8]. Metal punching is widely used for mass produc-
tion because it is simple, productive and inexpensive. The quality of the punched
product is highly dependent on the tool geometry, sheet material, punching condi-
tions, punching and molding materials, and tool wear. The decrease in die weight due
to wear increases with the increase in the number of punching which decreases the
largest in the initial stage up to 50 repetitions and then decreases up to 1000 repeti-
tions.

The blanks of 0.1 to 1 mm of mild steel sheet with a diameter of 1 to 4 mm were ana-
lyzed by the plastic-elastic FEM based on the incremental plasticity theory to evaluate
the effect of clearance, friction, sheet thickness, punch/die size and blanking layout on
the sheet deformation indicates that the reduction in clearance increases the blanking
load which in turn increases the coefficient of friction [9]. The effect of reduced
clearance can increase friction which is simultaneously accompanied by the effect of
sheet thickness, punch/die size and blanking position on sheet deformation.

The objective of hard coatings for blanking/piercing tools is to explore the possibility
of reducing lubrication and replacing expensive tungsten carbide materials in blank-
ing/piercing through hard coatings showing that hard PVD coatings are successfully
applied to blanking/piercing, even to softer tool steels, so as to reduce friction and
wear and reduce punch costs [10]. Hard material coating with PVD has been success-
fully applied to blanking/piercing, but it is necessary to choose a softer material that
reduces friction and wear and ultimately lowers punch costs.
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Thin sheet metal blanking and punching products with elastic media are of low quali-
ty, due to the large geometric distortion of the separate parts and of the part in the cut
zone, which is why these methods can be recommended for the manufacture of non-
critical parts that do not require high accuracy [11]. The blanking and punching meth-
ods of thin sheet metal with elastic media can be used for the production of non-
critical products that do not require precision.

Product costs and component weight are reduced as much as possible by reducing
tooling costs in the sheet metal industry which make up a large part of the overall cost
of producing a component. It is very important to keep costs down by ensuring that
the tools work for long periods of production without interruption. The piercing die
project is a design and development project consisting of a number of parts such as
housing, punch, punch holder, stripper, die cutting, top plate, bottom plate etc. for
piercing a 12 hole products taking into account the important parameters of the die,
such as the cause of the burr, the cause of the failure of the punch, the cost of the fail-
ure effect, the tool life, and the productivity that the piercing die delivers can increase
tool life, productivity, and without increasing trial costs in the design [12]. Efforts to
reduce product costs and component weight are reduced from tooling costs in the
component industry that can work for long periods of time without interruption,
thereby increasing productivity and reducing trial costs in designs.

A new technology that is able to improve the surface quality of sheared products from
SK85 material by quenching and tempering through a combined process of blanking
and press shaving in the first stage of piercing and shaving in the second stage by
placing the product in a hydrochloride acid solution (pH 1.0 solution, soaking time
100 hours at temperature 300C) to obtain a hole product with dimensional accuracy
and good edge surface quality for thicknesses up to 4 mm and hardness up to 55 HRC
which is equivalent to TS 2075 MPa grade material [13]. New technology has been
obtained by combining blanking and press shaving in the first stage of piercing and
shaving at a later stage by immersion in a hydrochloride acid solution.

A slight clearance punching on ultra high strength steel sheets, JSC980Y using a
punch with a slightly edge radius can improve the quality of the sheared edge. There
were no cracks at the punch edges due to the relaxed concentration of deformation in
the punch with a slightly edge radius and delayed fracture. An edge radius of 0.13 mm
is effective for improving the quality of the sheared edges of JSC980Y and can be
polished [14]. The presence of a punch with an edge of 0.13 mm radius can improve
the edge quality of JSC980Y and can polish the surface.

Different operations performed on one die punch setup in one stroke on 3 separate
setups (piercing, slotting, and profile blanking) for door hinge products can reduce
production rates and increase cycle times and costs. The analysis of Von-Mises stress
and fatigue life was carried out on the Ansys 14.0 workbench analysis and the results
were compared with the theoretical results which differed by 5% from the permissible
limit. The blanking and piercing operation cycle time is about 4 minutes with a pro-
duction cost of about 6 Indian Rupees (%, INR) [15]. A series of 3-step piercing, slot-
ting, and profile blanking of door hinge products can reduce production rates and
increase cycle times and costs. The results of the analysis of Von-Mises stress and
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fatigue life by Ansys 14.0 show a difference of 5% from the allowable limit between
experimental and theoretical.

Three different advanced high-strength steels (AHSS) (DP, TRIP, TWIP) were shown
to vary in decisive blanking parameters such as clearance, shear angle and sheet posi-
tion angle. The force transfer curves show that process parameters, such as shear an-
gles (0o, 2.50 and 50), sheet position angles (50, 100, 150) and clearance (5%, 10%,
15%) have a significant influence on the applied forces occurred during the cutting
process [16]. The cutting forces in blanking are affected by the shear angle, sheet
position angle, and clearance.

The main objective of punching die design and analysis is to design and simulate
interchangeable dies and punches and reduce material weight by changing the materi-
al set of the die and eliminating production time losses and reducing manpower from
sheet loading and unloading [17]. Swapping the punch on the same die can reduce
material weight and eliminate production time losses and reduce manpower for load-
ing and unloading punched product sheets.

Perforations at 3 different angles (0o, 3°, 6°) for their effect on the perforation process
of two samples of AA1050, and 2 samples of AISI304L steel showed that increasing
the angle of the punch tip led to a reduction in the force on the piercing process [18].
The effect of the punch tip angle causes a decrease in the force on the piercing.

3 Materials and Methods

The punch material used for piercing the aluminum profile of the door frame is SKD
11 with a chemical composition is shown in Table 1 and the heat-treatability and
hardness achieved are shown in Table 2 [19].

Table 1. Chemical composition of SKD 11 [19].

- —
DAIDO Chemical composition (%)

JIS C Si Mn P N Cu Ni Cr Mo \%
Brand
1.40 ~ < < < < < < 11.00 ~ 0.80 ~ 0.20
SKD11 DCI11 1.60 040 0.60 0.03 0.03 025 0.50 13.00 1.20 ~
0.50
Table 2. Heat treat-ability and hardness SKD 11 [19].
Transfor-
Heat treatment temperatur (°C) Hardness mation  tempera-
ture (°C)
. . . Annealing Hardening Tempering
Annealing Hardening Tempering (HB) (HRC) (HR<) Ac Ar
150-250
830-880 Slow 1,000-1,050 Air Air cooling 815-
cooling cooling 500-530 5255 261 258 875 765705

Air cooling

The door frame profile material made of Aluminum alloy type AA1100 is shown in
Table 3 [20].
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Table 3. AA1100 material for door frame [20].

Materials Chemical composition (%)
Al Cu Fe Mn Si Zn Residuals

AA1100

99.0~99.95 0.05~ 0.20 0.95max 0.05max 0.95max 0.1 max 0.15 max

Punch materials used in perforating aluminum door profiles before forming the

sharp edges is shown in Figure 1.
—

Fig 1. Punch material used in perforating aluminum

TarnoGrocky Universal Compression Testing Machine for perforating Aluminum
door profiles and Punch results from machining the sharp side shape with a CNC
Milling Machine is shown in Figure 2.

Fig 2. TarnoGrocky Universal Compression Testing Machine for punching Alumi-
num door profiles and Punches as a result of machining the shape of the sharp side
with a CNC Milling Machine.

The base used in the perforation is Nylon plastic material and the punch holder is
shown in Figure 3.




The Effect of Aluminum Profile Thickness and Type of Lubricant on Punch Force 219

Fig 3. The base used in the perforation is Nylon plastic material and its punch
holder

The punch material is made of SKD 11 type tool steel whose hardening temper-
ature reaches 1050° which is cooled in air, while the tempering temperature can be
selected at 300° to reduce the brittleness from about 61 HRc to 58 HRc. The harden-
ing punch set at 1050° in the muffle furnace is shown in Figure 4.

Fig 4. Hardening punch set at 1050° in Muffle furnace

The results of perforating the Aluminum Profile in the initial experiment with-
out lubrication with a thickness of 0.9 mm and a punching force of 1045 kg which
showed neat results and without burrs are shown in Figure 5.

Fig 5. The results of perforating the Aluminum Profile in the initial experiment with-
out lubrication

4 Results and Discussion

The force of the AA1100 profile perforation with variations in the thickness of the
material to 0.9 mm, 1.1 mm, and 1.3 mm with treatment conditions without lubrica-
tion, with lubricating oil, and with lubricating grease with three repetitions are shown
in Table 4.

The average punch force resulting from perforation without lubrication compared
to oil lubrication decreased by about 0.5% from 1671.4 kg to 1662 and between with
oil lubrication compared to grease lubrication decreased by about 4% from 1662 kg to
1598.1 kg.
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Table 4. Table captions should be placed above the tables.

Punching force for AA1100 profile door lock housing (kg)
Profile thickness (mm)
Treatment
No. 0.9 1.1 1.3
Code la 1b Ic 1d le 1f | 1g 1h 1i
Without  lubri- 1563. 1 1761. 17 1684. 16
1 1606.6 1740.4 1686.8
cation 2 674 8 07.2 4 18
Code 2a 2b 2c 2d 2e 2f 2g 2h 2i
1665. 1 1769. 17 1744. 16
2 Oil lubrication 1597.6 1644.2 1707.0
6 597.0 6 18.0 2 71.0
Code 3a 3b 3c 3d 3e 3f 3g 3h 3i
Grease lubrica- 1441. 1 1663. 15 1585. 15
3 1471.0 1613.2 1589.4
tion 0 404.0 0 45.4 8 37.6

The relationship between the perforation force on the Aluminum profile and the
stroke with a thickness of 0.9 mm shows an average result of 1614.6 kg from a mini-
mum range of 1563.2 kg and a maximum of 1674.0 kg with a stroke range from 1.32
mm to 1.96 mm which is possible because the Nylon plastic base has been partially
positioned has been used as the basis for the previous punching, so that the surface
flatness has been partially deformed due to the stresses in the previous punching is
shown in Figure 6.

F-S Curves of AA1100 thickness of 0.9 mm without

lubrication
1800 1.505, 1641.2
1600 1.32, 1606.6 & .
1400 1.96, 1563.2
1200
£ 1000
] —&— 1st punching
g 800
£ 2nd punching
600
3rd punching
400
200
0 B—
0 0.5 1 15 2 25

Stroke (mm)

Fig 6. The relationship between the perforation force of the AA1100 profile on the
stroke with a thickness of 0.9 mm

The relationship between perforation force and stroke in various thicknesses of
Aluminum profile is shown in Figure 7. At 0.9 mm thickness Aluminum profile
shows a punching force of 1606.6 kg; the thickness of the Aluminum profile of 1.1
mm shows a punching force of 1707.2 kg, and the thickness of the Aluminum profile
of 1.3 mm shows a punching force of 1567.2 kg. The comparison between the punch-
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ing force at the thickness of the Aluminum profile 0.9 mm and 1.1 mm showed an
increase of 6.26%, while between the thickness of 1.1 mm to the thickness of 1.3 mm
it decreased by 8.2%.

F-5 Curves of AA1100 thicknesses of 0.9,1.1., and 1.3 mm
without lubrication
1.53,1707.2
1800 1.32, 1606.6

1.54, 1567

~&— Profile thickness of 1.3 mm
—&— profile thickness of 1.1 mm

Profile thickness 0.9 mm

02 0.4 06 0.8 1 12 14 16 18

Stroke (mm)
Fig 7. Relationship between perforation force and stroke in different thickness of

Aluminum profile

The profile of AA1100 after perforation of various thicknesses and conditions
without lubrication is shown in Figure 8.

without lubrication

The results of perforating the shape of the door lock housing for a profile thick-
ness of 0.9 mm without lubrication or dry conditions are shown in Figure 9. It appears
in each punched result there is a hole made after perforating the aluminum door frame
profile, because the punch is not equipped with an ejector to help release it. In making
the sharp side of the punch, an angle of 3° is chosen to obtain adequate sharpness. The
results of the perforation show a clean edge of the remaining cutting by punch or
without burr which the perforation is categorized as successful.
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Fig 9. The results of perforating the shape of the door lock housing for a profile

thickness of 0.9 mm without lubrication or dry conditions

Punch partially fractured after being used for more than 20 trials is shown in
Figure 10, on the sharp edge that is broken it is indicated that the punch angle of only
3° is too small and the depth of 5 mm is too deep compared to the thickness of the
profile punched for only 1.5 mm thickness, so it needs to be remade with a sharp side
angle of 10° to anticipate the ease of breaking after being used for a certain amount.
The depth of the indentation of the tip of the punch is made enough 3.5 mm and at the
bottom corner a sufficient radius is made so that the perforation is easily removed by
ejecting from the center of the punch axis. The brittle nature can be reduced by the
tempering process after hardening.

Fig 10. Punch partially fractured after being used more than 20 times

A new punch with a sharp edge of the 10° punch tip which has been equipped
with an eject hole in the blank for removal is shown in Figure 11.
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Fig 11. A new punch with a sharp edge of the punch tip 100 which has been
equipped with eject holes in the blanks
The results of the perforation of the key housing shape after being obtained
without the need to make a circular hole for its release, because the ejector hole has
been provided is shown in Figure 12.

,—. 36 CB

(a) ()

Fig 12. The results of perforating the shape of the key housing after being obtained
without the need to make a circular hole for its release under conditions: (a) with oil
lubricant, and (b) with grease lubricant

5 Conclusions and Recommendation

The conclusions from the test results of perforating Aluminum profiles with punch
and anvil from Nylon for various thicknesses and lubrication are:
1) The sharp edge angle of the 30 punch is too small which makes it easy to
break after the punch is used more than 20 times; and
2) The average punch force resulting from perforation without lubrication com-
pared to oil lubrication decreased by about 0.5% and between with oil lubri-
cation compared to grease lubrication decreased by about 4%.
Recommendations for future work:
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1) The sharp side angle of the punch is made larger to about 10° so as not to break
easily and the indentation depth is made as deep as 3.5 mm for a profile thickness
of 1.5 mm and equipped with an ejector through the center or punch axis; and

2) In each perforation, grease lubricant should be used or at least use oil lubricant.
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