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Aluminum alloy A356-T6 and automotive steel sheet SAPH440 were joined using friction stir spot

welding and self-piercing riveting. The maximum tensile shear strength values in weld joints were

approximately 3.5 kN at a rotation speed of 500 rpm and plunge depth of 1.0 mm. It was confirmed

that the intermetallic compound layer of weld joints below 9.23 �m did not exceed the permissible

thickness 10 �m of Al–Fe joints. The self-piercing riveting joints exhibited maximum tensile- shear

strength of 7.9 kN, which was higher than that of the weld joints. However, during the riveting

process, cracking appeared in the joint on the aluminum side, which was caused by lack of ductility

of cast aluminum. In addition, it was observed that the cracks on the aluminum side were getting

larger, as the radius of the lower mold increased.

Keywords: dissimilar material, friction stir spot welding, self-piercing rivet, intermetallic

compound, tensile-shear strength.

Introduction. As fuel-related regulations are being strengthened in the automobile

industry, the method of reducing the weight of the vehicle has been challenged by applying

a new joining process for conventional steel to a lightweight material such as non-ferrous

metal. However, welding or joining for dissimilar materials of aluminum alloy and steel is

difficult to obtain the adequate joint strength due to the difference of physical and

mechanical properties. Therefore, new welding and mechanical bonding methods into

dissimilar materials of aluminum alloy and steel are required.

One of the solid state welding processes, friction stir spot welding (FSSW) is

considered as a promising method to join dissimilar materials using plastic deformation

caused by the low heat input, rotational force and pressure of the tool. This can suppress

formation of weld defects such as blow hole, cracking, and brittle intermetallic compounds

(IMC) resulting from conventional fusion welding, which deteriorate the mechanical

properties of the joints [1–5]. This can suppress formation of weld defects including

cracking, blow hole, and brittle IMC that can degrade the joint mechanical properties in

conventional fusion welding [1–5]. Conspicuously, minimizing the IMC layer is required to

guarantee the joints reliability of the dissimilar materials [6]. Yeon et al. [7] and Kim et al.

[8] reported that adopting FSSW to join dissimilar materials leads acceptable lap joints

which produce decent strength. Self-piercing riveting (SPR) is a mechanical bonding

method using rivets [9], in which drilling or alignment process between the material and the

rivet machine were not required unlike conventional rivets.

Therefore, this study intended to carry out the lap joining of aluminum alloy (A356)

and automotive steel (SAPH440) sheets, using FSSW and SPR methods [10, 11]. Moreover,
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joint properties of aluminum alloy (A356) and automotive steel (SAPH440) were analyzed

in the views of mechanical characteristics and of metallurgical characteristics [12–15].

1. Experimental Details. Aluminum alloy (A356) and automotive steel (SAPH440)

sheets, were adopted as dissimilar materials in this study. The chemical composition and

mechanical properties of materials are shown in Table 1. Each size of the dissimilar

material specimen that was adopted in this study was 150 mm (length L)�50 mm (width

W)�3 mm (thickness t) of A356-T6 and 150 mm (L)�50 mm (W)�2 mm (t) of

SAPH440. Aluminum alloy plate was set on the top side of the steel plate. The two plates

were overlapped for 50 mm as shown in Fig. 1.

1.1. FSSW. The friction stir spot welding conditions were as follows: 300–500 rpm of

a tool rotation speed, 0.2–1.2 mm of a tool plunge depth, 1.0 mm/s of a tool insertion

speed, and 15 s of dwell time. The friction stir spot welding was performed under these 15

conditions as shown in Table 2.

The WC–12% Co welding tool with smooth frustum type and tilted 3� forward from

the vertical was used in this study. The welding tool is composed of a shoulder with
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Fig. 1. Configuration of specimen.

T a b l e 1

Chemical Composition and Mechanical Properties of A356-T6 and SAPH440

Material Chemical composition (wt.%)

A356-T6 Mg Mn Fe Zn Si Cu Ti Al

0.45 0.10 0.20 0.10 7.5 0.20 0.20 Bal.

SAPH440 C Si Mn P S Al

0.074 0.014 1.254 0.012 0.004 0.028

Mechanical properties

UTS (MPa) YS (MPa) EL (%)

A356-T6 230.0 185.0 2

SAPH440 447.2 332.5 37

T a b l e 2

Welding Conditions for FSSW

Case Rotation speed (rpm) Plunge depth (mm)

1–5 300 0.2, 0.5, 0.7, 1.0, 1.2

6–10 400 0.2, 0.5, 0.7, 1.0, 1.2

11–15 500 0.2, 0.5, 0.7, 1.0, 1.2



diameter of 14 mm, and pin with length of 3.0 mm, upper the diameter of 6.0 mm, and the

bottom diameter of 4.0 mm (see Fig. 2).

The influences of rotation tool speed and of tool plunge depth on the FSSW were

investigated through the joint formation, mechanical and metallurgical characteristics

analyses.

1.2. SPR. The self-piercing riveting joining conditions were as follows: a punch speed

of 0.5 mm/s, upper diameter of rivet of 8.5 mm, a depth of 7.0 mm, a lower diameter of

4.8 mm, a lower mold depth of 1.1–1.4 mm, a lower mold radius of 5.0–7.0 mm. The shape

of a rivet was fixed, but depth, diameter of the lower mold was varied. The lower mold

depth and radius were selected from the result of the pre-test. Four conditions for the lower

mold are shown in Table 3.

In order to evaluate the mechanical properties of the SPR joints, tensile-shear strength

test and Vickers hardness test were carried out. Following KS B 0851 and ASTM E92-82

standards, the tensile-shear strength test and hardness test were performed respectively.

Along with every 0.5 mm of cross section of workpiece, the Vickers hardness profiles were

measured within the condition of 0.5 kgf load and 10 s dwell time. The metallurgical

characteristics were clarified through the SEM analysis.

2. Results and Discussion.

2.1. FSSW.

2.1.1. Joint Characteristics of the FSSW Joints. The attaining sound joints, FSSW

experiments were performed in 15 cases of welding conditions. In the range of 0.2–1.2 mm

tool plunge depths at 300–500 rpm tool rotation speeds were observed. The characteristics

of the cross section of the joints are investigated, in view of three main factors including

weldability, the size of the hook and the effective sheet thickness, which have influence on

the mechanical characteristics of the joints. Figure 3 shows the bead profiles of the FSSW

joints in various rotation speeds and plunge depths. As shown in Fig. 3a, the lap joints

appeared as sound shape without any defect on the surface, and the burr came out in all
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Fig. 2. Tool and rivet shape and details.

T a b l e 3

Joining Conditions for SPR

Case Lower mold depth (die depth H ),

mm

Lower mold radius (die radius R),

mm

1 1.2 5.0

2 1.1 6.0

3 1.2 7.0

4 1.4 7.0



conditions except in 0.2 mm plunge depth at rotation speed of 300 rpm. In the plunge

depths of 0.2 and 0.5 mm, there was little smear in the back bead, which was expected to be

unjoined due to the lack of stirring between the upper and lower materials. The deeper

plunge depth resulted more smear in the back bead as shown in Fig. 3b.

The cross sectional view of the joints from Fig. 4, the interface of joints appeared as

sound shapes in all conditions ranging 300–500 rpm at plunge depth of 0.7–1.2 mm.

During the process, however, the formation of hooks occurred in the upper side of A356-T6
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Fig. 3. The bead profiles of the FSSW joints with rotation speed and plunge depth: top (a) and back (b)

bead profiles.



including both advancing and retreating sides, and also it appeared in the left- and

right-hand sides of the pin of the lower joint side. The mechanism of hook formation is as

following: Through a tool down force and plastic flow, the bottom side of SAPH440

permeates into the top side of A356-T6. When rotation speed increased, the hook size did

not become larger considerably, notably, with increasing plunge depth, the hook tended to

increase. When the plunge depths were 0.2–0.5 mm, the lap-joints became imperfect

because of inadequate plastic flow and deformation between A356-T6 in upper side and

SAPH440 in lower side. It was thought that this was because the pin simply touched the

upper direction surface of SAPH440, caused by the lack of stirring effect in the time of the

process. Over than 0.7 mm of plunge depth, perfect lap-joints appeared in the interface of

the joints due to enough plastic flow effect in the upper and lower plates. As shown in

Fig. 4, the decreased thickness of upper surface of A356-T6 was observed with increasing

tool plunge depth. Notably, when the plunge depth became deeper than 1.0 mm, the

effective sheet thickness showed more decrease. These results indicated that the effective

sheet thickness satisfied the allowed value, below 10% of the sheet thickness as are the

requirements of the resistance spot welding.

2.1.2. The Tensile-Shear Strength of FSSW Joints. Figure 5 represents the tensile-shear

strength of the of the joints based on the welding condition of 0.2–1.2 mm tool plunge

depths with 300–500 rpm tool rotation speed; the correlations between the tensile-shear

strength of FSSW joints and rotation speed is shown at (a), and it between the tensile-shear

strength of joints and plunge depth is at (b). To estimate the tensile-shear strength of the

joints, the joint formation, the fracture pattern and the reduction of the effective thickness

of the upper side of the A356-T6 were considered as a main view. Within 300–500 rpm of

rotation speed, the strength tended to reach higher point when the rotation speed increase.

The approximate maximum tensile-shear strength of joints was 3.5 kN at 500 rpm of

rotation speed. While the strength was higher in the plunge depth range of 0.2 to 0.7 mm,

the strength started to be decreased when the plunge depth was deeper than 1.0 mm. When

the tool plunge depth was 1.0 mm, 3.5 kN of the maximum tensile-shear strength of joints

was acquired. In terms of the fracture patterns from the tensile-shear strength test, interface

fracture was generated in joints when the plunge depth was shallower than 0.7 mm. This
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Fig. 4. The cross section view of the FSSW joints with plunge depth and rotation speed.



was attributed to interface of the joints with a non-welded zone caused by insufficient

stirring effect. However, over 1.0 mm of tool plunge depth, happened with the interface of

the joints without any non-welded zone on account of ample plastic flow effect from the

materials in upper and lower side.

At a tool plunge depth of 1.0 mm, interface of the lap-joint showed not only fully

welded state but also slightly reduced effective sheet thickness of the joints and the

maximum tensile-shear strength. The tests for tensile-shear strength and hardness were

performed respectively according to KS B 0851 and ASTM E92-82 standards. All

conditions except for the plunge depth of 0.5 mm, it is satisfied KS B 0850 standard which

is tensile-shear strength of over 1.8 kN of 3 mm thickness aluminum joints.

2.1.3. The Hardness Distribution of FSSW Joints. Figure 6 shows the hardness

distribution of the FSSW joints; (a) is the upper – A356-T6 side, (b) is the bottom –

SAPH440 side. The hardness tests were measured at different plunge depths and the

rotation speed of 500 rpm. As a result of the test, the maximum hardness value of 228 HV

was observed at the plunge depth of 1.2 mm. This was the higher value compared to

A356-T6 hardness value of 50 HV; on the other hand, maximum hardness value of 275 HV

on SAPH440 steel side was observed. This was 115 HV higher than the SAPH440 base

metal. It was considered that the hardness value was increased in both aluminum and steel

due to dynamic re-crystallization originated from the heat and the mechanical force as the

plunge depth and tool rotation speed increased.

2.1.4. Microstructural Characteristics of FSSW Joints. The microstructures of the

specimens under the welding condition of 500 rpm with 1.0 mm of plunge depth indicated

the highest tensile-shear strength among the specimens. Figure 7 presents the micro-

structure of the stir zone (SZ), thermomechanically affected zone (TMAZ), heat-affected
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Fig. 5. The tensile-shear strength of FSSW joints with rotation speed (a) and plunge depth (b).



zone (HAZ), and base metal (BM) of a joint individually, and the plunge depth for the

FSSW joint is 1.0 mm with 500 rpm of rotation speed; (a)–(c) gives the microstructure of

A356-T6 top side, and (d)–(f) shows the bottom side of SAPH440. Microstructures of (b)

and (c) which is the SZ and TMAZ of A356-T6, were finer because of the dynamic

re-crystallization from the heat and mechanical force. Although the HAZ has the slightly

coarser microstructure, its structure is practically akin to the microstructure of base metal.

In addition, the IMC layer was observed in the condition of 0.7–1.2 mm plunge depth. As

shown in Fig. 8, when the plunge depth is 0.7, 1.0, and 1.2 mm, the IMC thickness is

maximum 5.93, 8.59, and 9.23 �m, respectively. It was observed that the IMC thickness

increased as the plunge depth increased. This was caused by increase of the mechanical

force and frictional heat as the plunge depth increases. The plunge depth of 0.7 to 1.2 mm

satisfied the IMC thickness within 10 �m, required for the dissimilar material welding.

From 0.7 to 1.2 mm of plunge depth condition, in addition, the IMC layer was

observed. As shown in Fig. 7, when the plunge depth is 0.7, 1.0, and 1.2 mm, the IMC

thickness is maximum 5.93, 8.59, and 9.23 �m, each. It was observed that the IMC

thickness increased when the plunge depth became deeper. This was caused by pressing

force and frictional heat as the plunge depth increases. The plunge depth of 0.7 to 1.2 mm

satisfied the IMC thickness within 10 �m, required for the dissimilar material welding.
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Fig. 6. The hardness distributions of FSSW joints with plunge depth.
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Fig. 7. Microstructure of the FSSW joints.

Fig. 8. Thickness of IMC in FSSW joints with plunge depth.

Fig. 9. Configuration of specimen of SPR joints.



2.2. SPR Joints.

2.2.1. Joint Characteristic of SPR Joints. For obtaining sound joints, SPR experiments

were performed in 4 cases of joining conditions. The lower mold depth of of 1.1–1.4 mm

and radius of of 5.0–7.0 mm were observed. With the view of defects, the characteristics of

the cross sections in SPR joints were investigated. Figures 9 and 10 show that the highest

strain distance ratio of rivet was in cases 1 and 3 and the cross section of SPR joints,

respectively.

As shown in Fig. 10, at both sides, cracks were observed inside dark/red circles. This

was attributed to crack resulted from the lack of ductility of A356-T6. In addition, the

light/yellow circle in Fig. 10 corresponds to the geometrical constraint of SPR.

2.2.2. The Tensile-Shear Strength of SPR Joints. As shown in Fig. 11, tensile-shear

strength was 7.9 kN for case 1 and 6.4 kN for case 3. The case 3 exhibited the lower

tensile-shear strength than that of case 1. The height of lower mold was the same for both

cases 1 and 3 but radiuses were 5 and 7 mm, respectively. The tensile-shear strength of the

SPR joints was approximately 2 times higher than that of the FSSW joints.

Conclusions. In this study, joining properties of dissimilar A356/SAPH440 lap joints

by the FSSW and SPR were analyzed. The following conclusions were obtained:

1. Under all conditions of 300–500 rpm with 0.7–1.2 mm plunge depths, the interface

of the FSSW joints was joined thoroughly. Notably, due to the fact that satisfactory plastic

flow effect from the upper and lower materials, deeper than 0.7 mm of plunge depth led

perfect lap-joints. However, when the tool plunge depth exceeds 1.0 mm, the effective sheet

thickness decreased and satisfied the required value of the resistance spot welding.
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Fig. 10. Cross section of SPR joints.

Fig. 11. Tensile-shear strength of SPR joints.



2. The maximum tensile-shear strengths in the FSSW joints were approximately 3.5 kN

achieved at a rotation speed of 500 rpm and plunge depth of 1.0 mm. It was confirmed that

the IMC layer of FSSW joints with 9.23 �m was within permissible thickness 10 �m of

Al–Fe joints.

3. In the case of the SPR, the maximum tensile-shear strengths in the SPR joints

exhibited 7.9 kN and was higher than that of the FSSW joints. However, crack formation

happened in the joint at aluminum side due to the lack of ductility as characteristics of

casting aluminum during the SPR process.

Acknowledgments. This work was supported by the Korea Science and Engineering

Foundation (KOSEF) grant funded by the Korea Government (MOST) (No.

2016R1D1A3B03935978).

1. Y. S. Kim, “Future of the friction stir spot welding technology for non-ferrous metal,”

J. Weld. Join., 30, No. 3, 4–14 (2012).

2. S. H. Chowdhury, D. L. Chen, S. D. Bhole, et al., “Lap shear strength and fatigue

behavior of friction stir spot welded dissimilar magnesium-to-aluminum joints with

adhesive,” Mater. Sci. Eng. A, 562, 53–60 (2013).

3. H. S. Bang, H. S. Bang, and G. H. Jeon, “Recent Studies on hybrid friction stir

welding,” J. Weld. Join., 28, No. 5, 35–37 (2010).

4. S. H. Kim, S. W. Kim, S. J. Park, and W. S. Chang, “Dissimilar friction spot joining:

A5052-H32/A6022-T4,” RIST J. R&D, 21, No. 2, 153–159 (2007).

5. C. K. Chun, H. J. Kim, and W. S. Chang, “Friction stir spot joining on aluminum

alloy for transportation,” J. Weld. Join., 26, No. 6, 23–29 (2008).

6. Y. Abe, T. Kato, and K. Mori, “Self-piercing riveting of high tensile strength steel and

aluminium alloy sheets using conventional rivet and die,” J. Mater. Process. Technol.,

209, 3914–3922 (2009).

7. Y. M. Yeon, C. Y. Lee, W. B. Lee, et al., “Spot friction stir welding and

characteristics of joints in aluminium alloys,” J. Weld. Join., 23, No. 3, 16–20 (2005).

8. E. H. Kim, K. J. Lee, and K. H. Song, “Evaluation of mechanical properties on

friction stir lap jointed Al6061/HT590 alloys,” J. Weld. Join., 33, No. 2, 8–13 (2015).

9. Y. Kim, K. Y. Park, and S. B. Kwak, “Mechanical fastening and joining technologies

to using multi mixed materials of car body,” J. Weld. Join., 33, No. 3, 12–18 (2015).

10. Y. H. Yin, N. Sun, T. H. North, and S. S. Hu, “Hook formation and mechanical

properties in AZ31 friction stir spot welds,” J. Mater. Process. Technol., 210,

2062–2070 (2010).

11. S. J. Lee, S. K. Lee, and N. I. Baik, “A study on the microstructure and hardness of

Al–Si–Mg alloys upon heat treatments,” J. Korean Soc. Heat Treat., 13, No. 2,

108–114 (2000).

12. D. Horstmann, “Formation and growth of iron-zinc alloy layers,” in: Proc. of the 14th

Int. Galvanizing Conf., Munish (1985), pp 18/1–18/5.

13. A. A. Hershman, “Alloy formation in hot dip galvanizing: a short review,” in: Proc. of

the 8th Int. Conf. on Hot Dip Galvanizing (Intergalva 67), London (1967), pp. 3–29.

14. Metals Handbook, 3rd edn, Japan Institute of Metal, Maruzen, Tokyo (1993).

15. K. S. Kim, Microstructures and Mechanical Properties of A356 Semisolid Metal

Fabricated by Cooling Plate, Master Thesis, Gyeongsang National University (2000).

Received 15. 09. 2017

ISSN 0556-171X. Ïðîáëåìè ì³öíîñò³, 2018, ¹ 1 83

Mechanical Properties of Dissimilar A356/SAPH440 Lap Joints ...



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


