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1. Introduction
An automobile engine generates power by burning fuel in 

a combustion chamber, and emits high-temperature exhaust 
gas by combustion. The temperature of the exhaust gas varies 
depending on the fuel injection method or fuel, but the 
temperature is about 800 to 1,000°C. The hot exhaust gases 
are discharged from the combustion chamber of the engine, 
gathered in one place through the exhaust manifold, and then 
discharged into the atmosphere through the exhaust pipe 
through the catalyst, silencer, and the like.

If the high temperature heat generated by the engine stroke 
is released to the outside without defense, there is a risk of 
thermal damage to the car electronics, internal trim or pads 
and hot plate parts are used to prevent such damage.

The heat shield part protects from the high heat generated 
when driving a vehicle. Above all, durability, heat resistance, 
and corrosion resistance are required. It is mainly installed in 
the lower part of the engine or vehicle, and serves to protect 
the vehicle body from high temperature such as muffler. 
Recently, the use of aluminum sheet for increasing the weight 
of automobiles has been increased, and heat shielding plate 
parts of aluminum alloy sheet using embossing have been 
applied [1~8]. Embossed aluminum heat shield parts can be 
strengthened by improving rigidity, wrinkles, and NVH 
performance. Magnesium alloy sheet is a lightweight material 
and is used for parts with excellent vibration reduction [9~11]. 
The heat shield plate has a heat shield function to prevent 
damage to the electrical components such as various sensors 
installed around the engine room or the exhaust system where 
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space is limited by high temperature exhaust gas radiant heat 
and heat radiation to maintain a constant temperature of the 
exhaust gas. Has the function.

In this study, automotive heat shield plate parts were 
developed to enable the production of a single line by adding 
embossing and press forming by adding roller process from 
existing aluminum alloy sheet.

In order to achieve low fuel consumption for automobiles, 
research was conducted to reduce high inventory cost, 
improve quality and productivity of blank materials using 
aluminum materials.

2. Property test
The material used for the test was Al3004, and a 0.5 mm 

thick material was used as a specimen by wire cutting. Tensile 
tests were conducted to determine the mechanical properties. 
The specimens were collected in the rolling direction. The test 
equipment was a universal material tester with a load of up 
to 100 kN, and the test speed was tested at 10 mm/min. 
Tensile specimen processing is based on KS No. 5 standard, 
butterfly (W) 25 mm, gage distance (L) 50 mm, fold (C) 150 
mm, fold butterfly (B) 40-50 mm, parallel part (P) 60 mm, 
shoulder part radius (R) was produced at 15 mm or more. Fig. 
1 shows the specimen after tensile testing of embossed 
Al3004. Table 1 shows the mechanical properties of Al3004 
material, and Table 2 shows the mechanical properties of 
embossed Al3004 material. In the tensile test results, the yield 
strength and tensile strength of Al3004 material and embossed 
Al3004 material were about 20 MPa, and the elongation was 
about 15%. This is judged to be strength reinforcement by 
work hardening of an aluminum alloy sheet material.

3. Forming experiment
3.1 Embossing forming

For aluminum embossing forming, an embossing roller has 
to be manufactured, and an embossing shape pattern is 
determined according to the embossing roller shape. Fig. 2 
shows a roll forming apparatus capable of press and 
embossing forming. For embossing forming, the roller 
material was selected as SM45C, and the embossing roller 
was heat treated and hard plated. For embossed shapes, 
pattern design is very important. That is, the embossing shape 
is determined according to the rolling speed and the rolling 
depth. Since the forming force of the embossing varies 
depending on the advancing direction of the aluminum Fig. 1 Tensile specimen for embossed Al3004 sheet

Table 1 Mechanical properties of Al3004 sheet

Direction Yield Stess (MPa) Tensile Stress (MPa) Strain (%)

0°
73

77
138

140.3
35

3579 142 34
79 141 36

45°
-

70.5
-

128
-

37.570 127 38
71 129 37

Table 2 Mechanical properties of embossed Al3004 sheet
Direction Yield Stess (MPa) Tensile Stress (MPa) Strain (%)

0°
97

95.7
176

174.7
19.8

18.994 174 17.5
96 174 19.3

45°
89

89.7
164

164.7
20.7

2088 165 17.8
92 165 21.6

90°
99

97.7
164

165
20

19.596 166 17.5
98 165 20.9

Fig. 2 Roll forming apparatus for press and embossing working
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material, the material is formed in the same direction. In 
particular, the embossing roller was calculated by the size of 
the material to determine the width of the roller 1,240 mm, 
the diameter of the roller to Ø390, and to produce two rollers 
were assembled to engage. Fig. 3 shows an embossing roller 
during embossing pattern processing.

In the case of the roller shape, the engagement of the gear 
was set to 15 mm so that each embossed shape could be 
properly engaged. In the case of the roller embossing shape, 
the embossing pattern is very important, so embossing pattern 
processing was performed using a carbide tool for precise 
processing. Since the embossing of the aluminum sheet varies 
depending on the roller speed and the roller depth, the 
optimum roller speed and the roller depth were determined. 
Cracks and wrinkles do not occur during embossing with a 
roller, but unforming occurs depending on the conditions of 
the roller. This is because the gauge holding the aluminum 
sheet is not constant due to the scattering of the sheet size, 
so that the size of the sheet is constantly cut. Fig. 4 shows 
the Al3004 sheet being embossed, Fig. 5 shows an Al3004 
sheet having embossed forming. 

3.2 Press forming
A starting die for manufacturing a heat shield plate part was 

manufactured from an embossed plate material manufactured 
using an embossing roller. The starting dies were composed 
of a punch, a die, a holder, and the like, and during the 
forming test, tearing of the hemming portion, neck generation, 
wrinkles, and bursting occurred, and the mold was modified. 
In order to improve the lifespan of the heat shield plate parts, 
the main parts such as punches and dies were subjected to 
heat treatment and surface treatment. In order to improve the 
problems that may occur when forming the embossed sheet, 
the heat shield plate part failure type according to the 
embossing forming depth was identified.

As a result of the starting forming test, fine wrinkles 
occurred on the outer edge of the product, and a neck was 
formed on the convex protrusion. This is a material that is 
inferior in formability in the case of aluminum, and it is 
determined that the neck phenomenon occurs because the 
convex protrusion has a higher depth than other parts. In 
particular, the wrinkle problem is improved to some extent 
due to the shape of the embossed plate, it is determined that 
there is no significant effect in the case of neck or cracks. 
Fig. 6 shows an example of forming failure of the heat shield 
plate part. Since the R value of the heat shield plate part was 
small, cracks were generated due to stress concentration 
during forming, and the R value was increased to improve the 
form. When the embossing depth of the embossed

aluminum sheet is low, the inflow difference during the 
forming of the product did not improve the wrinkles, and the 
neck phenomenon in the convex protrusions was reduced and 
improved.

Through the forming test, it was confirmed that the neck 

Fig. 3 Embossing roller for working embossing pattern

Fig. 4 Embossing working for Al3004 sheet

(a) 1:1 (b) 1:3
Fig. 5 Embossed Al3004 sheet
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phenomenon was improved according to the embossing depth 
of the aluminum plate, and in particular, the embossed shape 
was found to improve the wrinkles. Fig. 7 shows the wrinkle 
occurrence area according to the forming depth of the heat 
shield plate part, and Fig. 8 shows the finished thermal shield 
part. Since the occurrence of wrinkles is a problem in the case 

of the heat shield plate parts, it can be seen that the embossing 
depth of the aluminum sheet is important. In other words, 
when the embossing depth is low, the overall stiffness of the 
product is also reduced, so it was found that it is important 
to work deeply and clearly.

4. Forming analysis
4.1 Embossing forming analysis

Forming analysis was performed using Simufact Forming 
analysis program with solid type hexa-mesh to fabricate heat 
shielding mold using aluminum Al3004 embossed sheet. The 
material is Al3004 (0.5 mm thickness) and the forming 
analysis is performed by inputting the properties of aluminum 
embossing sheet as shown in Table 2 was performed. The 
sheet forming analysis conditions are shown in Table 3, and 
the blank material was embossed and Al3004 material was 
used, and the coefficient of friction was 0.1 applied. Fig. 9 
shows the part modeling of the heat shield, and Fig. 10 shows 
the analysis result of the heat shield product.

The heat shield plate parts are made of aluminum Al3004 
embossed plate with heat shielding function to prevent 
damage to automobile parts from high temperature and heat 
dissipation function to keep the temperature constant.

Fig. 11 shows the effective strain in shaping the shield plate 

(a) Tearing of hemming part

(b) Necking of convex protrusions

Fig. 6 Forming failure of heat shield parts

Fig. 7 Wrinkle generation part according to embossing depth

Fig. 8 Heat shield product Fig. 9 3D model of heat shield die

Table 3 Simulation conditions of forming

Plastic material Al3004

Initial temp. of die and material 20℃

Rigid die STD11

Condition of friction 0.1

Press velocity 69.6 mm/s
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part, and Fig. 12 shows the effective stress. Fig. 13 shows the 
maximum principal stresses in the shaping of the shield plate 
parts, and Fig. 14 shows the thickness distribution. In the 
result of forming analysis, fine wrinkles occurred in the outer 
part of the product and neck generation was expected in the 
convex protrusion. Since the convex protrusions are higher 
than other parts, the occurrence of neck is expected, which 
is improved by modifying the edge mold. In addition, the heat 
shield plate part is not high in forming depth, and convex 
protrusions are higher in depth than other portions, so that 

neck generation is expected, but it is determined that forming 
is sufficiently possible by edge R correction.

5. Results and discussion
Since the embossing depth of the aluminum sheet varies 

depending on the roller speed and the roller depth when the 
aluminum sheet is embossed, the optimum roller speed and 
roller depth were determined. Cracks and wrinkles do not 
occur when embossing the aluminum sheet with a roller, but 
some unforming occurs depending on the conditions of the 
roller. This is because the gauge holding the aluminum sheet 
is not constant due to the scattering of the plate size, and the 
plate size is constantly improved. Fig. 15 shows an Al3004 
sheet that is finally embossed. The formability was analyzed 
according to the embossing forming depth of the aluminum 
sheet. The embossing sheet was manufactured under the 
optimum conditions according to the rolling speed of the 
roller and the rolling amount of the roller which may occur 
when the aluminum sheet was roll-formed with the embossing 

Fig. 13 Maximum principal stress after forming

Fig. 14 Thickness distribution after forming

Fig. 10 Simulation results of heat shield product

Fig. 11 Effective plastic strain after forming

Fig. 12 Effective stress after forming
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roller. That is, when the rolling speed of the roller was 5.2 
mm and the rolling amount of the roller was 1.4 mm, a good 
embossed sheet material was produced.

In the press forming of the aluminum plate, fine wrinkles 
were generated on the outside of the heat shield plate part, 
and necks were formed on the convex protrusions. In the case 
of aluminum, it is considered that the neck phenomenon occurs 
because the convex protrusion is higher in depth than other 
parts. In particular, the wrinkle problem is improved to some 
extent due to the shape of the embossed plate, it is determined 
that there is no significant effect in the case of neck or cracks. 
Fig. 16 shows an uncoiler, embossing, and press forming 
equipment for producing a heat shield plate component 
incorporating embossing and press forming of aluminum sheet. 
In this study, we built a consistent production line by combining 
embossing forming of aluminum plates and press forming of 
heat shielding parts to successfully produce automotive heat 
shielding parts.

6. Conclusion
In this study, we have successfully conducted research on 

automotive heat shield plate components that combine 
embossing and press forming of aluminum alloy sheet. 

For embossing the aluminum alloy sheet, two embossing 
rollers were interlocked to produce an aluminum alloy sheet 
having an embossed shape pattern. The embossed aluminum 
sheet material was press-formed through embossing, press 
forming, etc. of the roller to produce heat shield plate parts.

The process of forming an aluminum alloy sheet with an 
embossing roller and then press forming was fused to enable 
line production. It was found that optimal process design 
technology is important for the convergence production of 
embossing and press forming, and it is expected that quality 
and productivity will be improved in the future through 
optimal process design and press forming.
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