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Abstract - Coated steel sheets with different paints and 

coatings extend to most industries and decide about the quality 

and functional reliability goods. Protective coatings have an 

irreplaceable role in a wide range in using of construction 

materials. For the area of testing and assessment of adhesion 

of protective coatings on sheets is characterized by a great 

diversity of methods and procedures. In addition to the testing 

procedures to test for adhesion of coatings include tear-off 

test, adhesion test, cupping test and technological tests by 

Erichsen device. For example at the Institute of Engineering 

Technology, BUT is graded bending product which has been 

designed allows the testing of coated sheets of thickness 

greater than currently recommended standard test 

preparations. [14] The application of multi-jet system used to 

test samples coated with the optimal parameter settings of 

nineteen flowing plasma jets are functional samples after 

bending. 

 

Index Terms -Metal sheet, aluminum coating, adhesion, 

bending, plasma. 

 

I. INTRODUCTION 

Bending technology of surface finish sheets. When 

bending of coated metal coating is loaded differently 

depending on its position in JIG. [5] In case the plastic 

layer on the outer side, is stressed such stresses, due to 

which it is pressed against the base material. [16] If the 

plastic layer on the inner side is loaded by tensile stress, 

Fig.1. Magnification roughness functional parts of the 

tool causes higher friction on the contact surfaces, which 

can lead to damage of the surface layer. Foreign 

experience (company Umformtechnik Erfurt) that the 

minimum bend radius of the metal-coated plastic material 

of thickness greater than 150  m in the case of tensile 

stress in the coating same as the thickness of the base 

material. [1] If the coating thickness is less than 150  m, 

it is recommended to choose a larger bend radius to 

prevent the formation of cracks in the surface layer. [15] 

 

 
Fig.1 Scheme of bending sheet metal surface treated  

(bend to V) 1 - base material 2 - coat 

II. THE PRINCIPLE OF HIGH-FREQUENCY 

HOLLOW CATHODE (13,56) 
The basis of nozzles were used dielectric capillary tube 

made of quartz glass, which flows through argon, 

including any additions. The resulting plasma jets from 

the cavity and the mouth of the plasma jet to the external 

environment, where it acts on the coated samples of steel. 

Shock is the entire length of its plasma channel actively 

generated. Power absorbed by the plasma channel used 

multi-jet equipment was selected as the working 

conditions in the range of 102-103 W.cm
-2

 Unlike the 

electron beam welding where the power density at the 

spot welding to 109 W.cm
-2

. [1] The thermal effects on 

the surface of samples may range from 30 ° to 1600 ° C 

while maintaining substantially not-isometric character 

discharge (energy particles at a temperature of up to 10 

000 K). Based on these properties may plasma jet system 

to provide a high reaction with high efficiency for both 

chemical and physical modification of the material 

surface. Appropriate grouping jets into linear or other 

departments allows cutting of larger areas of test samples 

respectively semi-finished steel in industrial practice [16]. 

 

III. DEFORMATION AT BENDING SHEET 

METAL 

Bending deformation is generally surround the state of 

stress φr, φz, φt, whichever is tangential tensile strain on 

the outer side of the neutral surface and the pressure on 

the inside. Plastic deformation in radial direction φr 

causes decreasing thickness t of the stock at the bend. 

Deformation φz in tension and reduced in pressure 

extends transverse dimension b Both deformation φr and 

φz, in the case of bending wide strip neglect and the 

description of the deformation applies only tangential 

deformation φt. [12] 

The intensity of deformation can then be expressed as: 

   10 /ln/ln rRRR nni   

 

Theoretical aspects of the bend Bending along a 

straight line is the most common procedure for forming 

the surface, but can be done in various ways, such as 

forming along the bending path in the die or by folding, 

crimping in special machines or plate through a radius in 

the die. The research sheet can be defined as a continuous 

mass. A very large amount of material is rolled, which is 

bend very progressive under shape of a cylinder. 

Functional bending is usually limited increase in strength 

and less formable sheet and more frequent cause 

unsatisfactory bending any lack of dimensional control in 

terms of springing and thinning of the material. [3], [4] If 

the line of bending curve, the contact sheet is usually 
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deformed in the process and the sheet is either stretched, 

which can lead to division or compression with the 

possibility of ripple. There are special cases where the 

sheet can be bent along curved lines without stretching or 

ripples in adjacent areas, but they require special 

geometric design the outline of the bent parts. The 

following simple examples of bending along the lines are 

presented for elastic, elastic-plastic and plastic material 

condition. 

 

IV. BASIC PRINCIPLES OF EXCAVATION BY 

ERICHSEN 

This International Standard specifies a standard test 

method for determination of the metal sheet and strip, of a 

thickness of 0.1 mm to 2 mm and a width of 90 mm or 

more plastically deform when towing a semi-circular 

metal cupping questionnaire. 

 
Fig.2 Test according to Erichsen, IE - index excavation, 

thickness (a) and width (b) sheet before the test 

 

The test principle is based on questionnaires with ball 

end that pushes into the specimen holder and clamped 

between dies and creates a deeper until a continuous 

cracks. Measured depth deepening the test result, based 

on a straightforward path questionnaires with half-ball 

finish, Fig.2. For an examination is needed device 

equipped median, questionnaires and retainer specimen. 

Test procedure is monitored from the outside in order to 

determine the moment when appears interconnecting 

crack. At the end of the test is subjected to the test 

protocol. [2] Great attention should be paid to selecting 

lubricants should not contain corrosive substances, grit 

resin, wax and fillers. [6], [11] 

 

V. EXPERIMENTS WITH MULTI- JET PLASMA 

SYSTEMS (MPS) 
Experiments with MPS have been carried out in 

collaboration with MU Brno multi-jet plasma system with 

a width of 100 mm with nineteen nozzles providing a 

low-no-isometric discharge at atmospheric pressure. The 

physical nature of the phenomenon in multi-jet plasma 

system is to generate plasmas at atmospheric pressure. 

For example at the Institute of Engineering Technology, 

BUT product is graded bending in Fig.6, which by its 

design allows testing of coated sheets of thickness greater 

than the current recommended standard test preparations. 

[14] Delivered plate was delivered by engineered 

company that produces heavy construction equipment. 

Delivered sheets with a confirmed certificate and 

chemical composition have been previously degreased 

and then scrubbed with a special deburring machine. Grid 

tests and applied coatings also performed in engineered 

company. The base layer (KTL), where the temperature is 

in the range 160-180 ° C was applied electrophoresis 

method. The thickness of paint depends primarily on the 

size of the voltage normally varies between 15 and 30 

microns. 

 
Fig.3 Sample sheet steel (90x90mm) with a basic coating 

(KTL) 

On Fig. 3 is a test excavation by Erichsen. The test 

was conducted on a sample which is identified in the 

table as a sample steel plate (90x90mm) with a 

varnish (CDP) and the value of the IE 6.85 coatings 

ruptured, as shown in the accompanying photographs. 
This sample is regarded only as a reference without 

further treatment degreasing and application of plasma 

using multi-jet system. In the factory, these samples 
should last for IE punching depth of 4mm. From the 

viewpoint of coating thickness and coating quality is the 
reference sample in order. On the other experiments that 

were performed, the samples were divided into the 

following categories and sets. (Table-1) 
 

 
 Table-1 BP – without coating, PL - plasma, Z basis, TC - 

top coat 
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Table-2 Working surface of steel samples with various 

surface finishes by plasma jets I. 

 

 
Table-3 working surface of steel samples with various 

surface finishes by plasma jets II. 
 

Samples 1-3 are reference, not-scoured. Valid for 

samples of BP, Z, TC. These samples were toured 
multi-jet plasma system. For other samples of 4-19 
samples were toured multi-jet plasma system as a 

starting gas was chosen media: Argon, oxygen, 

nitrogen, carbon dioxide, argon + WATER. As seen 

from Table-2, three of these samples was altered 
performance. Constant flow has a value of 0.2 l / min, 

feed 2m/min and the number of passes the second 

according Table-3, sheets were evaluated according to 

the deep-Erichsen, the following samples: 
 

 
 

Fig.4 Samples of sheet steel (90x90x1 mm) 

 

 
 

 
 

Fig.5 Samples of sheet steel (90x90x1 mm) 

 

The sample of Fig.4 and Fig.5 was MPS used in the 

following sequence: On the raw sheet was applied basis, 
then chemically treated MPS and finally deposited TOP 

COAT (top coat). in a sample of 4 was used where 
argon was damaging the coating before the border IE 4 

mm. Sample 14 with medium Ar + CO2 behaved a little 

better. An indication of damage is manifested in the 

value 3.7 IE, with fewer cracks on the outer coating. 
Sample 17 with medium Ar + H2O was rated as the best 

specimen of this series of tests according to Erichsen. 

The value of the damage was to the IE 7.5. Further 

experiments were performed on the samples mentioned 
in Table-4. 

Table-4 Measured values IE by Erichsen 

Sample size 90x90x1mm 

 

Samples of Z1, Z2, Z3, TC1, TC2, TC3, were 

degreased and not toured plasma. For samples BP4, 

BP5, BP6 test was performed as follows: On a steel base 

(BP) was used multi-jet plasma system and 

subsequently applied primer (KTL). For a sample BP5 
we value IE stopped at 4 mm. The sample was no 

apparent damage to the primer coat. For a sample BP6 
we stopped at the value of IE 6 mm. The sample was 
also no damage to the primer coat. The table does not 

include samples Z20, TC20. These samples were 

degreased, without passing through the plasma. Z20 - 

damage to the value of IE 7.5 mm. TC20 - damage to the 

value of IE 8.5 mm. For further experiments will use the 

SAMPLE BP4 BP5 BP6 Z1 Z2 Z3 TC1 TC2 TC3 

DEEPENING 

IE [mm] 
9,75 4 6 6,85 4 7,1 2,89 3,27 11,6 

FUNCTIONAL x x x x x x - - x 

NON 

FUNCTIONAL - 
- - - - - x x - 

Ar 

Ar + CO2 

Sample 4 

Sample 14 
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new tiered bending tool, Fig.6 developed at the 

Institute of Engineering Technology in Brno. The new 
product is graded bending its design allows testing of 

coated sheets of greater thickness than the current test 

devices recommended standard DIN EN ISO 1519. [12] 

The product allows simultaneous bending the five 

samples in the interval of angles up to 180 ° using pulleys 

through cylindrical segments. This may be made of "U" 

bends to the inner radius R11, R17, R23, R29 and R35 

mm. Cylindrical segments can be easily exchanged for 

another radius. The bent specimen is in the case of clear 

coating damage assessed visually, and if there is no 

apparent damage to the coating using all segments 

otherwise followed closer examination of the 

functionality of the coating on the micro-cracks under the 

microscope. The aim of the experiment is to test the new 

graduated bending test of adhesion of selected steel 

samples. 
 

 
 

Fig. 6 Photo phased bending of the rollers 

 
VI. CONCLUSION 

This article covers the basic theoretical background to 

the formability of sheet metal drawing and bending of 

coated respectively organic coatings in one or more layers 

in the interaction with the metal base. The outcome of 

planned experiments in the dissertation would be to 

increase adhesion of the coating respectively coating to 

the metal substrate under uniaxial stress state respectively 

biaxial stress state off questionnaires at Erichsen test. The 

main benefit of experiments will obtain functional 

moldings with the possibility of greater deepening of the 

coated sheets pulling off, respectively bending. For this 

purpose in the experimental section optimized 

composition of the input components of plasma, which 

generally leads to higher compressibility of the sheet and 

it is reflected in the achievement of higher levels of 

excavation. The steel sheet coated with a primer or a 

topcoat can be considered as a system. When technology 

is shaping operations for these units to distortions 

common bonds. Disruption of these relationships can 

result in disruption of the integrity of the coating and its 

subsequent peeling. In the engineering sector in these 

modern times applied paints and varnishes mainly 

electrophoresis method. [10] Cataphoresis is one of the 

most advanced production technologies application of 

basic colors with a high degree of corrosion protection of 

metals. Method cataphoresis painting are among the most 

advanced technology surface treatment of metal products. 

Currently no cataphoresis in numerous areas of 

comparable competitors. The largest contribution to the 

development of technology has cataphoresis automotive 

industry, where corrosion resistant chassis and other 

components is crucial for most manufacturers. High 

quality finishes, along with the benefits of economic and 

ecological allow this technology to use in other fields of 

engineering and consumer goods industries. Distortion 

between the steel base material and the coating causing 

defects occurring in sheet forming (waviness of the plate 

surface, shape deformation, breakage, metal release, 

inadequate structure of the surface), or a combination of 

poor choice of base material and coating. Current 

requirements for coating technologies are to maintain the 

integrity of the surface layer and of the links between the 

surface and the base material after the drawing 

respectively bending. [7], [13]. Functional extrusion 

coated to achieve optimization of selected technological 

parameters of the process that will be part of the doctoral 

dissertation. [8], [9] 

Note: 

The article is supported by the grant project, BUT FME 

Brno – BD 1393016 from 2009. 
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