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ABSTRACT

Engraving is a prime importance operation to allow the identification of
nearly all products in everyday life. In this study, the electrochemical engraving
method is used to mark information on thin-walled SUS304 name cards (0.5 -
Tmm in thickness). The relationships between the processing parameter inputs
(DC current (I(A)), machining time (t(s)), and electrolytic concentration (C(%))
and criteria output (surface roughness (R,)) were developed using the Box-
Wilson experimental model to determine the optimal values of the processing
parameters. The results showed that machining time (t(s)) is the most affected
factor, and the optimal technological parameters are (I = 84A, C = 6.775%,
t = 105s). The researched results will be the basis for selecting technological
parameters when engraving similar materials in mass production conditions.

Keywords: Advanced machining processes; electrochemical machining; name
card; central composite design; stencil.

TOM TAT

Khéc la mgt nguyén cong quan trong dé cho phép nhan dang hau hét cic chi
tiét gia cong va san pham trong doi s6ng. Trong nghién ciiu nay, phuong phap
khac dién hod dugc sit dung dé khac céc thong tin trén danh thi€p méng lam
bang vat liéu inox (chiéu day 0,5 - Tmm). Mdi quan hé giifa cac thong s6 cong
nghé dau vao (bao gém cutng do dong dién (I(A)), thi gian khac (t(s)) va nong
d0 dung dich khdc (C(%)) va ham muc tiéu dau ra (nham bé mat (R,)) dugc xdy
dung theo ma tran quy hoach Box-Wilson dé xac dinh cic thong s6 dau vao téi
uu. Két qua cho thay thai gian khac t(s) c6 anh hudng I6n nhat dén chat lugng bé
mat khdc va ché do gia cong t6i uu la (I = 84A, (= 6,775%, t = 105s). Két qua
nghién ctu sé la cén o dé lua chon cac thdng s cong nghé khi khac céc vat ligu
tuong tu trong diéu kién san xudt hang loat.

Tir khéa: Cdc phuong phdp gia cong ddc biét; gia cong dién hda; tdm danh
thiép; quy hoach tam hén hap (CCD); khudn khdc.
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1.INTRODUCTION

Stainless steel is not only wear-resistant, anti-oxidation,
and durable, but also has fine art and delicate elegance.
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Thus, stainless steel is widely used in civil and industrial
industries such as: architecture; construction; automobile;
chemical industry; houseware; food-medical equipment
and stationery [1]. In the field of stationery, the current
business name card, in addition to conveying information,
also requires higher aesthetics than ever before, thereby
helping to enhance the status of users. Therefore, there is a
great demand in using stainless steel as a new material for
business name cards. Among the existing stainless steel
brands, SUS304 stainless steel has durability, good gloss,
moderate price, so it is suitable for thin-walled name cards.

Generally, engraving is a machining process of making a
symbol on a part to attain its identification. Engraving is
mostly applied on the finished part at the end of the
process of manufacturing the part, with the purpose of
forming a permanent trace on its surface in order to make it
readable and recognizable. A clear engraving not only
records variable specification and specialized data of the
part (e.g. alphanumeric characters, barcode, batch
numbers, location numbers, serial number, and the like),
but also it promotes advertising. Engraving methods can
be done in different ways, such as swab printing, ink
printing, screen printing/silk-screen printing/serigraph,
labelling, mechanical engraving (e.g., CNC milling, dot
peen, metal stamp), laser engraving (LE) and electro-
chemical engraving (ECE). All of these have particular
advantages and disadvantages. Labelling and printing-
based engraving methods provide direct product marking,
but disadvantage of these methods is the fact that marks
are not long lasting because they can be damaged or ink
can fade. Recently, LE and ECE have been developed in
various researches [2, 3]. LE is a well-known technique to
engrave on the product’s surface by utilizing the thermal
effect induced by the laser with high energy to make the
marking region melt locally and obtain the designed
marking shape. However, there exist some disadvantages
in the LE, such as the oxidation of material and the
presence of the remelted layer. Furthermore, changes in
color of the surface of the product and the possibility of
toxic vaporization during LE and high cost of equipment
are also two of the shortcomings. ECE is a kind of
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electrochemical machining process using a small amount
of electric current and an electrolyte to engrave a
permanent mark on the surfaces of high hardness and high
strength materials. ECE method has the advantage of ease
of application, no cause of distortion on the sheet metal,
cost effectiveness, no residual stress and no heat-effected
zone.

Power Unit Tool

(Cathode)

eﬂ T_

Electrolytic

<

Thin-walled workpiece (Anode)

Figure 1. A schematic diagram of electrochemical machining process

In this study, the so-called thin-walled stainless steel is
defined as a kind of sheet specimen with its thickness of
0.5-1 mm. There is a great demand on the creation of
textures, patterns, logos, labels, signs of product
recognition, number, name tag or other information on the
thin walled-products (e.g., metal business cards). The
machinability and precision of the thin-walled stainless
steel are affected by the following factors [4]: precision of
the cutting machine, thermal deformation of the tool, tool
wear and deformation of the workpiece. From the said
factors, the deformation of the workpieces is the most
important factor affecting the machining accuracy, due to
the poor rigidity of the thin-walled stainless steel sheet and
clamping deformation. For this reason, conventional
engraving methods including mechanical engraving
and/or LE cannot be practically applied to thin-walled
sheets, due to mechanical and thermal deformation [5].
Therefore, the ECE method is used for etching cavities with
a depth of 0.01 - 0.2mm to form drawings and inscriptions
on thin-walled SUS304 workpiece. The dynamics of change
in the shape of the cavities formed during ECE on the
different neutral salt solutions has been examined. Three
input parameters used in ECE comprising current I(A);
machining time t(s) and electrolyte concentration C(%) to
obtain the mark clearance quality. Based on experimental
results, the optimum electrolyte compositions and
treatment modes have been determined.

2. MATERIALS AND METHODS
2.1. Electrochemical engraving

ECE system is a process in which a permanent mark is
made in a conductive metal. It requires a low voltage
power source, stencil, felt pad, and conductive liquid (or
electrolyte) [6]. First, a power source is attached to the
electrode and the workpiece. Current varies from 0 - 100A
depending on the stencil size and the line density. The
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depth of etch can be accurately controlled. The stencil is
typed or prepared photographically on a special paper and
fitted to a pad, damped with the electrolyte. The pad is
then pressed against the workpiece to be engraved, during
the application of a controlled voltage for a specified time.
The electrolytic solution is pressed out through the
contours of the stencil and reaches the surface of the sheet
by means of the pressure of a tool. The required time for
electrochemical etching is a function of the workpiece
material and the applied current. The depth of the
engraved surface is proportional to the time of machining.
It should be noted that the surface of the workpiece must
be cleaned before the stencil is placed and after finishing
with a neutralizing solution.

2.2, Experiments and measurements

The experiment was conducted on an ECE machine
(Trademark: ECM®MTA) with the basic configuration
indicated in Figure 2. The machine can engrave
alphanumeric symbols, barcodes, product codes, logos,
textures, patterns or special symbols on any conductive
materials.

Plate cathode and workpiece anode were made of
SUS304. The size of anode is 40mm (in width) x 60mm (in
length) x 0.8mm (in height). The chemical composition of
the workpiece is described in Table 1.

As for electrolyte, it should avoid the formation of a
passive film on the anodic surface, so anions CI, SO,%, NOs,
ClOs, OH are selected. On the other hand, Na® or Ka*
cations are used to avoid cathode precipitation [7]. For
optimal efficiency, an electrolyte solution must be selected
suitable for the processing material. During experiments,
several kinds of electrolyte solution were tested to
determine which one is best for the mark quality on
SUS304. Polymeric adhesive tape with rectangular cutouts
with a size of 40 x 40mm was applied on the anode surface.

Digital camera (Model: Samsung Note 9, Korea) and
microscope were utilized to capture and analyze the marks.
Meanwhile, the surface roughness tester TR200 (Mitutoyo
Corp.) with a resolution of 0.01um was used to measure the
surface roughness of the marks.

Table 1. Chemical compositions of SUS304 [8]

C Si | Ni Cr P S N | Mn | CQu | Fe

0.042%| 0.45% |8.09% | 18.06% | 0.045% | 0.015% | 0.058% | 0.97%0.02%| Bal.
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\ f Size (mm) 350x250x120
[N - L
A

/ >y / i

Figure 2. ECE machine
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3. RESULTS AND DISCUSSION
3.1. Engraving Quality

On the basis of guides on electrolyte selection, 3 kinds
of electrolytes (namely, Na,SO,, Fe»(SOs)s, and NaCl) were
chosen during ECE. As shown in Figure 3, through the
surface smoothness and roughness of the marks, it is
confirmed that Na,SO. electrolyte solution creates marks
on SUS304 with the best quality. Thus, Na,SO, solution was

further used in optimization experiments.
» ﬁ\ 'Is >

NaCl (R,= 3.050um)

Fey(S04); (R,=0.715pm)
Figure 3. Engraving quality of different electrolytes

Na,S04 (R, = 0.337um)

3.2. Development of an optimal experimental design

Two-level Box-Wilson Central Composite Design was
employed to investigate the effects of 3 factors I(A), C(%),
t(s) on the response (surface roughness of
electrochemically engraved SUS304 sheet specimens). The
significant variables like current, electrolyte concentration
and machining time were chosen as the independent
variables and designed as xi, X, X3, respectively, through
the following Equation:

Yi=aXo + a1X1 + axXz + asXz + a12X1X2 + a13X1X3 + A23X2X3
+ anXi2 + a»Xy + assXs; )

The range of current I(A) is from 30 to 90, the electrolyte
concentration C% is from 10 to 40 and the machining time
t(s) is from 40 to 120. From that, experimental conditions
determined by the Box-Wilson statistical design are
presented in Table 2.

Table 2. The experimental range of variables

Numeric Independent parameters
Factors Current I(A) Concentration (% Time t(s)
High level (+1) 90 40 120
Center point (0) 60 25 80
Low level (-1) 30 10 40
e w ||
“Start point” o 1.215 1.215 1.215
|e]-o 1.215x30=36.45| 1.215x15=18.225 | 1.215x40=48.6
(round up 40) (round up 20) (round up 50)
Lower value 20 5 30
Higher value 100 45 130

In 15 trial experiments, the values of the variables are
built as follows: I(A) € {20, 30, 60, 90, 100} was coded as X;;
C(%) € {5, 10, 25, 40, 45} was coded as x; t(s) € {30, 40, 80,
120, 130} was coded as xs. The designed experiments were
carried out according to the designed parameters and the
surface roughness of the samples as shown in Figure 4
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were measured. Finally, the experimental results were
summarized in Table 3.

10 mm

Figure 4. Samples for surface roughness measurements
3.3. Determination of regression equation

Based on the experimental results as depicted in Table
3, by performing algorithms to determine the coefficients
in the regression equation according to the Box-Wilson
orthogonal experimental design [9], the following equation
is derived:

Yra= 0.606 - 0.034 x; + 0.138x3 + 0.214 x1x2
+ 0.064 x:1x3- 0.071x>x3 - 0.051 X23

3.4. The effects of process parameters on the surface
roughness yr.

(2)

From regression equation (2), the effect of each
processing variable on the surface roughness was
determined as follows:

Yra (1, 1, 1)= 0.622 + 0.244x; @3)
yra(1, X2, 1)=0.808 + 0.723x, 4)
Yra (1,1, %3) = 0.786 + 0.131x; - 0.051x3 (5)

Based on (2), (3), (4), it is found that the most effected
factor variable is x; (i.e, machining time t(s)), followed by x,
(i.e, concentration C(%)) and then x; (i.e, current [(A)).

- According to (3) because the coefficient of x; is a
positive coefficient, so the relationship between x; and ys,
is proportional to each other. Here, when x; varies from -
1.215 to 1.215, yr. changes from small value to large value,
that is, an increase in current leads to increase in roughness
of surface.

- According to (4) because the coefficient of x; is positive,
so the relationship between x, and yg, is proportional to each
other. That is, when x, varies from -1.215 to 1.215, yg, also
changes from the low value to high value.

- According to (5) when x; changes from -1.215 to 0, Yk,
value increases. In contrast, when x; changes from 0 to
1.215, yra value decreases.

3.5. Optimization result

The developed models for the processing variables and
Yra are optimized using the Box-Wilson gradient descent
method. As a result, the extreme (minimum) values of the
regression function can be obtained as follows: Yramin) =
0,309 at (x1, X, x3) = (0.797; -1.215; 0.626) corresponding to
I =84A,C=6.775% and t = 105s.
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Table 3. Experimental results

—

Figure 5. Logo marking on thin-walled product
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ND | Ne Real variables Coded variables Results yz,
I(A) | C(%) | t(s) | xo X1 X X3 XXy | XX | XoXs X’ X X;'
1 30 10 40 + - - - + + + 0.27 0.27 0.27 0.811
2 90 10 40 + + - - - - + 0.27 0.27 0.27 0.371
3 30 40 40 + - - - + - 0.27 0.27 0.27 0.322
» 4 90 40 40 + + - - - 0.27 0.27 0.27 0.652
5 30 10 120 | + - - + - - 0.27 0.27 0.27 1.002
6 90 10 120 | + + - + - + - 0.27 0.27 0.27 0.732
7 30 40 120 | + - + + + 0.27 0.27 0.27 0.545
8 90 40 120 | + + + + + + + 0.27 0.27 0.27 0.845
9 | 100 25 80 + 1.215 0 0 0 0 0 0.75 -0.73 -0.73 0.578
10 | 20 25 80 + -1.215 0 0 0 0 0 0.75 -0.73 -0.73 0.515
* 1 60 45 80 + 0 1.215 0 0 0 0 -0.73 0.75 -0.73 0.698
12 | 60 5 80 + 0 -1.215 0 0 0 0 -0.73 0.75 -0.73 0.430
13 | 60 25 130 [ + 0 0 1.215 0 0 0 -0.73 -0.73 0.75 0.578
14 | 60 25 30 + 0 0 -1.215 0 0 0 -0.73 -0.73 0.75 0.434
N, 15 | 60 25 80 + 0 0 0 0 0 0 -0.73 -0.73 -0.73 0.941
Table 4. The verified results of optimum parameters. To verify the above calculation results, three samples
Measurement Real | Calculated were machined by the optimal technological parameters
L3 e | value Emor | (I = 84A, C = 6.775%, t = 1055) with the material and
Sample (um) | (um) | (pm) (um) (um) machine tool unchanged. The verified results were
Hm Hm summarized in Table 4. It can be seen that the average real
1 0.295 10.310| 0.298 | 0.301 0309  |259% | value of surface roughness is 0.305um, with an error of
2 0373 10246 0.259 | 0.293 0.309 5.18% 3.94% compared to the calculated value. This result proves
3 0291 10375] 0299 | 0322 0309 404% the correctr?ess of the research method. Bgsed on the
above-mentioned optimal parameters, a required logo was
Mean value 0.305 0309 [3.94%| marked on an industrial thin-walled product as illustrated

in Figure 5.
4. CONCLUSION

ECE was performed on thin-walled stainless steel. The
conclusions of this research can be listed as follows:

1. For thin-walled SUS304 workpiece engraving, the
electrochemical method is the most convenient because of
its ease of application, cost effectiveness, high accuracy and
resolution.

2. The relationship between 3 factors of I(A), C(%), and
t(s) and the surface roughness response was investigated
using Box-Wilson experimental design. The optimal value
of technological parameters (I = 84A, C = 6.775%, t = 105s)
is determined as the best conditions for engraving thin-
walled 304 stainless steel. The researched results are the
basis for applying the optimal technology regime when
etching similar materials by electrochemical method under
mass production conditions.

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619 SCIENCE - TECHNOLOGY

REFERENCES

[1]. Schino, A.D., 2020. Manufacturing and Applications of Stainless Steels.
Metals, 10(3), 327.

[2]. Nayak R., Padhye R., 2016. The use of laser in garment manufacturing: an
overview. Fash Text 3, 5, 1-16.

[3]. Wu J., Zhao J., Qiao H., Hu X., Yang Y., 2020. The New Technologies
Developed from Laser Shock Processing. Materials, 13(6), 1453.

[4]. Ma H.L., Duan H., Tang AJ., 2010. Survey on The Deformation of Milling
Thin-walled Parts. Machine Tool and Hydraulics, 09, 117-119.

[5]. Wang F., Cheng X., Guo Q., Yang X., Zheng G., 2019. Experimental study
on micromilling of thin walls. ) Micromech. Microeng., 29, 1-18.

[6]. Electrochemical Marking Machines. Accessed on 28 February 2023.
<https://www.ums.co.uk/products/electrochemical-marking/electrochemical-
marking-machines/>

[7]. Saulius B., Ludwig R., 1993. Apparatus for electrochemical marking of the
workpieces. United States Patent No. 5,207,882.

[8]. Wang Y., Lin Y., 2018. Study on the Performance of Nano-Titanium
Nitride-Coated Stainless Steel Electrodes in Electro-Fenton Systems. Nanomaterials,
8,494, 1-16.

[9]. Tuyen N.M., 2005. Design of experiments. Science and Technics
Publishing House, Hanoi.

THONG TIN TAC GIA
Nguyén Minh Dat, Ngé Van Tuan, Dueng Quéc Diing
Khoa Ca khi, Hoc vién Ky thut Quan sy

Website: https://jst-haui.vn Vol. 59 - No. 3 (June 2023) e Journal of SCIENCE & TECHNOLOGY | 57



