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Abstract 

AA7075 thin plates are extensively used in the marine industry, particularly for the manufacturing of hydrofoil 

skin panels. Surface grinding is a critical finishing process for these plates, yet the optimal grinding parameters 

that minimize corrosion current density (Icorr) and maximize polarization resistance (Rp) are not well estab-

lished. This study was conducted to determine optimal grinding settings for controlling Icorr and Rp in 3.5 wt.% 

NaCl solution (simulated seawater). AA7075 thin plates were ground following a design of experiments (DoE) 

schedule, and Icorr and Rp were measured using a CorrTest electrochemical workstation. Results showed that 

Icorr increased markedly with higher table speed (50 spm), feed rate (5.0 mm/min), and grinding depth 

(1.0 mm), while Rp decreased under the same conditions. Standardized effects analysis identified feed rate and 

grinding depth as the most influential factors, each with an effect of 10.94, whereas table speed had a moderate 

effect, and interaction terms played secondary but significant roles. Regression models demonstrated strong 

predictive capability, with R² and predicted R² values of 99.28% and 97.12% for Icorr, and 98.43% and 93.71% 

for Rp. The optimal settings were found at low table speed (2 spm), low feed rate (1.0 mm/min), and low grind-

ing depth (0.2 mm).  

Keywords: multi-objective optimization, corrosion current density, polarization resistance, surface-ground, 

AA7075 thin plate

 

1. Introduction 

An AA7075 aluminum alloy is utilized in the fabrication of ship hulls and superstructures because 

of its lightweight nature and exceptional strength, which enhance fuel efficiency and allow for greater 

payload capacity (Feng et al., 2022), but its application is greatly limited by its susceptibility to corrosion 

(Lai et al., 2022). 

Grinding metals is a complex material removal process that involves cutting, ploughing, and rub-

bing, which differs with the degree of interaction between the abrasive particles and the work material 

during grinding (Hou & Komanduri, 2003). As indicated by Singh et al. (2020), grinding operations 

account for 43% of all machining processes in the manufacturing sector, making it the most widely 

employed machining method in industry. 

Corrosion current density (Icorr) is defined as the amount of current that flows per unit area of 

metallic surface when it is immersed in an electrolyte. On the other hand, polarization resistance (Rp), 

is inversely proportional to the corrosion rate and is commonly used as an electrochemical indicator of 

corrosion resistance. 

Boadu et al. (2025) reported that Icorr for AA7075 thin plates in simulated seawater increased from 

approximately 1 × 10⁻⁵ A/cm² to about 4 × 10⁻5 A/cm², reaching a maximum of nearly 5 × 10⁻⁵ A/cm² 

in Run 27 before declining in Run 29, thereby suggesting that corrosion current density is highly sensi-

tive to variations in surface grinding conditions. Prakash et al. (2015) established a connection between 
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surface roughness and surface strain, demonstrating that a rise in surface roughness resulted in increased 

surface activity, making materials more susceptible to corrosion. Furthermore, polishing the surface of 

AlSi10Mg to achieve a finer finish was found to enhance its corrosion resistance in a 3.5 wt.% sodium 

chloride solution. In contrast, Leon and Aghion (2017) reported differing observations, showing that 

polished Selective Laser Melting (SLM) specimens exhibited superior corrosion resistance and fatigue 

life compared with their unpolished counterparts. 

Goodall et al. (2022) observed that grinding of an α-aluminium matrix alloy produces a plastically 

deformed near-surface layer with a thickness of up to approximately 3 µm, characterized by ultrafine 

equiaxed grains ranging from 50 to 150 nm in diameter. This deformed layer plays a critical role in 

corrosion behaviour; when exposed to NaCl environments, it preferentially dissolves, resulting in trench 

formation in the aluminium matrix surrounding eutectic silicon particles. 

Niranatlumpong and Koiprasert (2006) further investigated the combined use of electroplating and 

surface grinding to enhance chemical corrosion resistance, reporting that increased surface smoothness 

prior to plating significantly improved the corrosion performance of the coating.  Liu et al. (2006) found 

that grinding can lead to increased corrosion susceptibility due to localized attacks, particularly in nano-

structured layers formed during the process. Corrosion behavior is usually linked to surface character-

istics (Wang et al., 2017; Zhao & Frankel, 2007; Zhou et al. 2011). Martín-Béjar et al. (2020) suggested 

that increased feed rate during grinding can lead to a rougher surface finish, which may enhance the 

corrosion susceptibility due to increased surface area for corrosion reaction. 

An Experimental Design provides a systematic approach for examining the impact of different fac-

tors on surface quality, resulting in a general model capable of precisely predicting surface conditions 

(Ouafi and Barka, 2011). Factorial design enables the evaluation of the influence of multiple independ-

ent variables on a result through a single experiment instead of conducting several experiments with 

each variable independently. Factorial studies also facilitate the examination of interactions among the 

study variables (Anderson et al., 2023). 

In recent years, the multi-objective weighted sum method has largely been regarded as a practical 

optimization tool. Koski and Silvennoinen (1987) applied this approach to obtain multiple Pareto-opti-

mal solutions by systematically varying the weights while simultaneously minimizing the volume and 

nodal displacement of a four-bar space truss. 

Similarly, Kassaimah et al. (1995) employed the weighted sum method for the bi-objective optimi-

zation of laminated plates, with the objectives of maximizing critical buckling shear stress and minimiz-

ing deflection. Although several arbitrary weight combinations were tested and the resulting solutions 

compared, the methodology itself was not critically assessed, and preference articulation was not ad-

dressed.  

Proos et al. (2001) also utilized the weighted sum approach in topology optimization to minimize 

compliance while maximizing the first natural frequency in two-dimensional plane-stress problems, 

where varying the weights yielded an approximation of the Pareto-optimal front. Saramago and Steffen 

(1998) integrated two objective functions using a weighted sum formulation in an optimization-based 

robotic motion prediction framework; however, identical weighting rendered the weighting scheme in-

effective. Marler and Arora (2005) examined a three-objective optimization problem and adopted the 

weighted sum method primarily as a reference framework for evaluating different function-transfor-

mation strategies and their influence on the depiction of the Pareto-optimal set.       

The extent to which corrosion current density and polarization resistance are controlled during sur-

face grinding is not well understood. This lack of information influences the ability to consistently op-

timize the corrosion behaviour of surface-ground materials and diminishes trust in components utilized 

in demanding structural or marine environments. Hence, it is crucial to optimize the Icorr and Rp of 

surface-ground AA7075 thin plates in 3.5 wt% NaCl solution.  

         

2. Material and methods 

2.1. Material  

The specimen employed in this study was a thin plate of AA7075 aluminum alloy, and its chemical 

makeup is depicted in Table 1. The density was determined to be 2.77 g/cm³, and the equivalent mass 

was calculated as 9.0 g/equiv. A Stern-Geary coefficient of 26.0 mV was selected for this research. The 

corrosion properties for the as-received AA7075 thin plate are shown in Table 2. 
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Table 1. Chemical composition of Aluminum 7075 (American Society for Testing and Materials, 2014). 

Element Si Fe Zn Mg Ti Cu Cr Mn Pb Al 

% by weight ≤ 0.40 ≤ 0.50 5.1–6.1 2.1 – 2.9 ≤ 0.20 1.2 – 2.0 0.18– 0.28 ≤ 0.3 ≤ 0.05 ≥ 89.97 

Table 2. Corrosion properties of as-received AA7075 sample (ba and bc are Tafel slopes, Icorr is corrosion current density, 

Ecorr is corrosion potential, CR is corrosion rate). 

2.2. Design of experiment 

The experiment was carried out using a 33 factorial design. The experiments were replicated, lead-

ing to a total of 54 experimental runs. The details of the 33 factorial design can be found in Table 3. 

Table 4 showcases a detailed (2 × 33) experimental design utilized in this research. The levels for table 

speed, feed rate, and grinding depth were determined based on the capabilities of the grinding machinery 

available. The selected ranges provided enough variation to detect measurable impacts on corrosion 

current density and polarization resistance while avoiding extreme conditions that could lead to signifi-

cant tool wear, thermal damage, or surface imperfections. Additionally, these configurations enabled 

the completion of experiments efficiently within the constraints of laboratory time while upholding re-

peatability and safety. 

Table 3. The 33 experimental design levels. 

Independent variables Low (0) Medium (1) High (2) 

Table speed Vs, spm 2.0 15.0 50.0 

Feed rate f, mm/min 1.0 2.0 5.0 

Grinding depth d, mm 0.2 0.5 1.0 

Fig. 1 presents the geometric layout of the 3³ factorial design, with the numbers indicating the in-

dividual test runs.  

 

Fig. 1. Geometric illustration of 33 factorial design, figure was prepared based on the work of Vaxevanidis et al. (2015). 
 

2.3. Preparation of samples for corrosion test 

In total, 54 specimens were prepared for corrosion analysis. The samples were sectioned from the 

parent plate using a 750 W total angle grinder operating at a no-load speed of 12,000 rpm and a rated 

voltage of 220–240 V. Each specimen had a length of 50 mm and a width of 20 mm. No polishing was 

performed, as the surfaces had already been modified by the surface grinding process and were freshly 

produced with mirror-like finishes. The geometry of the prepared specimens is illustrated in Fig. 2. 

 
Fig. 2. Geometry of samples after preparation. 

Ecorr, V Icorr, A/𝐜𝐦𝟐 ba, mV bc, mV Rp, Ω·c𝐦𝟐 CR, mm/a 

-0.644 0.000025 97.54 27373.87 1048.26 0.27 
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Table 4. Detailed (2 × 33) factorial design with levels and runs. 

Runs Table speed Vs, spm Feed rate f, mm/min Grinding depth d, mm 

1, 28 2 1 0.2 

2, 29 15 1 0.2 

3, 30 50 1 0.2 

4, 31 2 2 0.2 

5, 32 15 2 0.2 

6, 33 50 2 0.2 

7, 34 2 5 0.2 

8, 35 15 5 0.2 

9, 36 50 5 0.2 

10, 37 2 1 0.5 

11, 38 15 1 0.5 

12, 39 50 1 0.5 

13, 40 2 2 0.5 

14, 41 15 2 0.5 

15, 42 50 2 0.5 

16, 43 2 5 0.5 

17, 44 15 5 0.5 

18, 45 50 5 0.5 

19, 46 2 1 1 

20, 47 15 1 1 

21, 48 50 1 1 

22, 49 2 2 1 

23, 50 15 2 1 

24, 51 50 2 1 

25, 52 2 5 1 

26, 53 15 5 1 

27, 54 50 5 1 

2.4. Experimental procedure  

The specimens were surface-ground using an Elliot 921 hydraulic grinding machine (B. Elliot  

& Co. Ltd., London, Great Britain) following the Design of Experiments (DoE) matrix. Final plate 

thicknesses of 3.8 mm, 3.5 mm, and 3.0 mm were achieved after the grinding process. Potentiodynamic 

polarization measurements were performed using a CorrTest electrochemical workstation (Wuhan Cor-

rTest Instruments Corp. Ltd., Wuhan, China) to evaluate the corrosion current density and polarization 

resistance of the surface-ground AA7075 thin plates. A schematic of the experimental setup is presented 

in Fig. 3. AA7075 specimens with a ground surface area of 10 cm² exposed to the electrolyte were used, 

while the remaining surfaces, including the edges and the unground face, were sealed with epoxy resin. 

The tests were conducted at room temperature (25 °C) in a deaerated 3.5 wt.% NaCl solution. Polariza-

tion scans were applied from −250 mV to +250 mV relative to the open-circuit potential at a scan rate 

of 0.5 mV/s. The immersion time was 16.67 minutes. An Ag/AgCl electrode, graphite rod, and the 

AA7075 thin plate functioned as the reference, counter, and working electrodes, respectively. Data ac-

quisition was performed using CS Studio 6 software (Wuhan CorrTest Instruments Corp. Ltd., Wuhan, 

China).  

 

 
Fig. 3. Experimental set-up for corrosion test. 
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The corrosion parameters were extracted using the auto-fit Tafel method for all runs, except Run 

7, where the Tafel fit between cursors was applied due to fitting limitations. Statistical analysis was 

conducted using Minitab 2021 (Minitab LLC, State College, PA, USA), while MATLAB (MathWorks, 

Inc., Natick, MA, USA) version of 25.2.0.3150157 (R2025b)  was employed to perform the weighted-

sum multi-objective optimization. 

2.5. Statistical modeling 

2.5.1. The 33 design model 

The 33 design model consists of three factors, each at three levels. The design model for such an 

experiment is given as:   

 

        𝑌ijk = μ + 𝐴i + 𝐵j + 𝐴𝐵ij + 𝐶k + 𝐴𝐶ik + 𝐵𝐶jk + 𝐴𝐵𝐶ijk + 𝜀ijk                                                         (1)                 

where: 

        𝑌ijk = response(s) (i.e. corrosion current density and polarization resistance) 

        μ is the general mean independent of treatment effect or intercept (overall mean response of all    

        observation). 

        𝐴i = effect of i-th level of factor A (table speed), 

        𝐵j = effect of j-th level of factor B (feed rate), 

        𝐴𝐵ij = interaction effect of i-th level of factor A and j-th level of factor B, 

        Ck = effect of k-th level of factor C (grinding depth), 

        𝐴𝐶ik = interaction effect of i-th level of factor A and k-th level of factor C, 

        𝐵𝐶jk = Interaction effect of j-th level of factor B and kth level of factor C, 

𝐴𝐵𝐶ijk = Interaction effect of i-th level of factor A, j-th level of factor B and k-th level of factor 

C, 

        𝜀ijk = the random error associated with observing Yijk and assumed iid ~ (0, 𝜎2). 

2.5.2. Estimation of parameters 

The average response of each level of factor A is as follows: 

𝐴̅1 =
1

9
∑ ∑ 𝑌1jk

3

𝑘=1

3

j=1

 (2) 

𝐴̅2 =
1

9
∑ ∑ 𝑌2jk

3

k=1

3

j=1

 (3) 

𝐴̅3 =
1

9
∑ ∑ 𝑌3jk

3

k=1

3

j=1

 (4) 

The main effect of each level of factor A is as follows: 

𝐴1 = Āₗ – 𝑌̅ (5) 

𝐴2 = 𝐴̅2 – 𝑌̅ (6) 

𝐴3 = 𝐴̅3 – 𝑌̅ (7) 

where 𝑌̅ is the average of the responses for all treatments.  

The average response of each level of factor B is as follows: 
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𝐵̅1 =
1

9
∑ ∑ 𝑌1ik

3

k=1

3

i=1

 (8) 

𝐵̅2 =
1

9
∑ ∑ 𝑌2ik

3

k=1

3

i=1

 (9) 

𝐵̅3 =
1

9
∑ ∑ 𝑌3ik

3

k=1

3

i=1

 (10) 

The main effect of each level of factor B is as follows: 

𝐵1 = 𝐵̅1 – 𝑌̅ (11) 

𝐵2 = 𝐵̅2 – 𝑌̅ (12) 

𝐵3 = 𝐵̅3 – 𝑌̅ (13) 

The average response of each level of factor C is as follows: 

𝐶1̅ =
1

9
∑ ∑ 𝑌1ij

3

j=1

3

i=1

 (14) 

𝐶2̅ =
1

9
∑ ∑ 𝑌2ij

3

j=1

3

i=1

 (15) 

𝐶3̅ =
1

9
∑ ∑ 𝑌3ij

3

j=1

3

i=1

 (16) 

The main effect of each level of factor C is as follows: 

C1 = 𝐶1̅ – 𝑌̅ (17) 

C2 = 𝐶2̅ – 𝑌̅ (18) 

C3 = 𝐶3̅ – 𝑌̅ (19) 

The average response of each combination of levels for factor A and B is as follows: 

𝐴𝐵̅̅ ̅̅
𝑖𝑗 =

1

3
∑ 𝑌ijk

3

k=1

 (20) 

The interaction effect for A and B is as follows: 

𝐴𝐵ij = 𝐴𝐵̅̅ ̅̅
ij − 𝐴̅i − 𝐵̅j + 𝑌̅ (21) 
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The mean response of each set of levels for factor A and C is as follows:  

𝐴𝐶̅̅ ̅̅
𝑖𝑘 =

1

3
∑ 𝑌ijk

3

j=1

 (22) 

The interaction effect for A and C is as follows: 

𝐴𝐶ij = 𝐴𝐶̅̅ ̅̅
ik − 𝐴̅i − 𝐶k̅ + 𝑌̅ (23) 

The mean response for each set of levels for factor B and C is as follows: 

𝐵𝐶̅̅ ̅̅
jk =

1

3
∑ 𝑌ijk

3

i=1

 (24) 

The interaction effect for B and C is as follows:                 

𝐵𝐶jk = 𝐵𝐶̅̅ ̅̅
jk − 𝐵̅j − 𝐶k̅ + 𝑌̅ (25) 

The three-way interaction for A, B and C is as follows: 

𝐴𝐵𝐶jk = 𝑌ijk − 𝐴𝐵̅̅ ̅̅
ij − 𝐴𝐶̅̅ ̅̅

ik − 𝐵𝐶̅̅ ̅̅
jk + 𝐴̅i − 𝐵̅j + 𝐶k̅ − 𝑌̅ (26) 

The coefficient of determination (𝑅2) is a statistical parameter that usually gives some relevant 

insights about the goodness of fit of a regression model. An 𝑅2 of 1 means that the regression or design 

model completely fits the data. The formula for 𝑅2 is given below: 

𝑅2 =
𝑆𝑆res

𝑆𝑆tot
 (27) 

where SSres is  residual sum of squares, SStot is total sum of squares: 

𝑆𝑆res = ∑(𝑦i − 𝑦̂)2

𝑛

i=1

 (28) 

𝑆𝑆tot = ∑(𝑦i − 𝑦̅)2

𝑛

i=1

 (29) 

𝑦̅ =
1

𝑛
∑ 𝑦i

𝑛

i=1

 (30) 

The adjusted 𝑅2 is defined as: 

𝑅̅2 = 1 −

𝑆𝑆res
𝑑𝑓e

𝑆𝑆tot
𝑑𝑓i

 (31) 

where dfi - degrees of freedom for the model (dfi = k, where k is the number of predictors), dfe - degrees 

of freedom for error (dfe = n − k −1, n is number of observations, k is number of explanatory variables). 

The predicted R2 is expressed as: 

𝑅pred
2 =

𝑃𝑅𝐸𝑆𝑆

𝑆𝑆𝑇
 (32) 
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where PRESS is prediction error sum of squares, SST is the total sum of squares: 

𝑃𝑅𝐸𝑆𝑆 = ∑(𝑦i − 𝑦̂i(−i))
2
 (33) 

𝑆𝑆𝑇 = (𝑦i − 𝑦̅)2 (34) 

2.6. Weighted sum multi-objective optimization approach 

      The weighted sum method was employed to solve the multi-objective optimization problem involv-

ing multiple conflicting responses. The general form of the multi-objective optimization problem is de-

fined as follows: 

optimize {𝑓1(𝑥), 𝑓2(𝑥), … , 𝑓m(𝑥)} (35) 

subject to: 

𝑥j(min) ≤ 𝑥j ≤ 𝑥j(max), j = 1, 2, … , n (36) 

where fᵢ(x) represents the i-th objective function, x = [x₁, x₂, … , xₙ]ᵀ is the vector of decision variables, 

and xⱼ(min) and xⱼ(max) are the lower and upper bounds of the j-th decision variable, respectively. 

     To transform the multi-objective problem into a single-objective optimization problem, each objec-

tive function was first normalized to remove dimensional inconsistency. For a minimization objective, 

the normalized objective function is expressed as: 

𝑓i
norm(𝑥) =

𝑓i(𝑥) − 𝑓i(min)

𝑓i(𝑚𝑎𝑥) − 𝑓i(min)
 (37) 

where fᵢ(min) and fᵢ(max) denote the minimum and maximum values of the i-th objective function within 

the feasible design space. 

    The scalar objective function was then formulated using a weighted linear combination of the nor-

malized objective functions as: 

𝐹(𝑥) = ∑(𝑤i ∙ 𝑓i
norm(𝑥)) , i = 1 to m (38) 

where wᵢ is the weighting factor assigned to the i-th objective function. The weighting coefficients sat-

isfy the conditions: 

∑ 𝑤i = 1 (39) 

𝑤i ≥ 0 (40) 

In this study, equal importance was assigned to all objective functions:  

𝑤i =
1

𝑚
 (41) 

The optimal solution x* was obtained by minimizing the scalar-valued objective function: 

𝐹(𝑥): 𝑥∗ arg min 𝐹(𝑥) (42) 

The resulting solution represents a Pareto-optimal compromise solution, where any improvement 

in one objective function would result in the degradation of at least one of the remaining objective func-

tion. For the present work involving Icorr and Rp optimization, the weighted objective function for Icorr 

and Rp was defined as: 

𝐹(𝑥) =
1

2
Icorrnorm(𝑥) +

1

2
Rpnorm(𝑥) (43) 
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3. Results and discussion 

3.1. Effects of surface grinding parameters on corrosion current density and polarization re-

sistance 

The results for the effects of table speed, feed rate and grinding depth on Icorr and Rp is shown in 

Table 5. The main effects plot for Icorr and Rp are presented in Figs. 4 and 5. The main effects plot 

provides information on the degree of influence of the surface grinding parameters on the responses at 

low, moderate and high levels. 

From Fig. 4, the corrosion current density (Icorr) was low (0.0000195 A/cm²) when the table speed 

was 2 spm and moderate (0.0000208 A/cm2) when the table speed was 15 spm. The Icorr was high 

(0.0000222 A/cm2) when the table speed was 50 spm. The Icorr was low (0.0000170 A/cm²) when the feed 

rate was 1 mm/min and moderate (0.0000201 A/cm²) when the feed rate was 2 mm/min. The Icorr was high 

(0.0000254 A/cm²) when the feed rate was 5 mm/min. The Icorr was low (0.0000128 A/cm²) when the 

grinding depth was 0.2 mm and moderate (0.0000183 A/cm²) when the grinding depth was 0.5 mm. The 

Icorr was high (0.0000313 A/cm²) when the grinding depth was 1 mm. There is a linear relationship between 

the grinding parameters and the Icorr. 

Table 5. Effects of grinding parameters on corrosion current density and polarization resistance. 

Runs 
Table speed 

Vs, spm 

Feed rate f, 

mm/min 

Grinding 

depth d, mm 

Icorr, A/cm2 Rp, Ω·cm² 

Runs 1-27 Runs 28-54 Runs 1-27 Runs 28-54 

1, 28 2 1 0.2 0.0000089 0.0000072 2921.35 3611.11 

2, 29 15 1 0.2 0.000011 0.000011 2363.64 2363.64 

3, 30 50 1 0.2 0.000013 0.000012 2000 2166.67 

4, 31 2 2 0.2 0.000012 0.000013 2166.67 2000 

5, 32 15 2 0.2 0.000013 0.000013 2000 2000 

6, 33 50 2 0.2 0.000014 0.000014 1857.14 1857.14 

7, 34 2 5 0.2 0.000014 0.000015 1857.14 1733.33 

8, 35 15 5 0.2 0.000015 0.000015 1733.33 1733.33 

9, 36 50 5 0.2 0.000015 0.000015 1733.33 1733.33 

10, 37 2 1 0.5 0.000015 0.000016 1733.33 1625 

11, 38 15 1 0.5 0.000017 0.000017 1529.41 1529.41 

12, 39 50 1 0.5 0.000017 0.000017 1529.41 1529.41 

13, 40 2 2 0.5 0.000018 0.000017 1444.44 1529.41 

14, 41 15 2 0.5 0.000018 0.000018 1444.44 1444.44 

15, 42 50 2 0.5 0.000019 0.000019 1368.42 1368.42 

16, 43 2 5 0.5 0.000019 0.00002 1368.42 1300 

17, 44 15 5 0.5 0.00002 0.00002 1300 1300 

18, 45 50 5 0.5 0.000021 0.000022 1238.1 1181.82 

19, 46 2 1 1 0.000023 0.000023 1130.43 1130.43 

20, 47 15 1 1 0.000024 0.000024 1083.33 1083.33 

21, 48 50 1 1 0.000025 0.000025 1040 1040 

22, 49 2 2 1 0.000028 0.000028 928.57 928.57 

23, 50 15 2 1 0.000028 0.000028 928.57 928.57 

24, 51 50 2 1 0.00003 0.000031 866.67 838.71 

25, 52 2 5 1 0.000036 0.000038 722.22 684.21 

26, 53 15 5 1 0.000041 0.000041 634.15 634.15 

27, 54 50 5 1 0.000049 0.000042 530.61 619.05 

From Fig. 5, the polarization resistance (Rp) was high (1600.81 Ω·cm²) when the table speed was 2 

spm and moderate (1446.32 Ω·cm²) when the table speed was 15 spm. The Rp was low (1361.01 Ω·cm²) 

when the table speed was 50 spm. The Rp was high (1744.99 Ω·cm²) when the feed rate was 1 mm/min and 

moderate (1438.90 Ω·cm²) when the feed rate was 2 mm/min. The Rp was low (1224.25 Ω·cm²) when the 

feed rate was 5 mm/min. The Rp was high (2101.73 Ω·cm²) when the grinding depth was 0.2 mm and mod-

erate (1431.33 Ω·cm²) when the grinding depth was 0.5 mm. The Rp was low (875.09 Ω·cm²) when the 

grinding depth was 1 mm. The polarization resistance decreases as the grinding parameters increases and 

vice-versa. Thus, there is a linear relationship between the grinding parameters and the polarization resistance 

of AA7075 thin plate in simulated seawater. 
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Fig. 4. Main effects plot for corrosion current density. 

 

Fig. 5. Main effects plot for polarization resistance 

3.2. Identification of significant factors 

3.2.1. Pareto analysis 

Pareto charts were used to evaluate the significance of the main and interaction effects of the inde-

pendent variables on the response parameters. An effect was considered significant when its standard-

ized value exceeded the reference line, whereas effects below the line were regarded as insignificant. 

Figs. 6 and 7 present the Pareto charts for Icorr and Rp, respectively. 

As shown in Fig. 6, feed rate, the feed rate–grinding depth interaction, and grinding depth exhibited 

equal and dominant standardized effects of 10.94 on the corrosion current density. Table speed also 

demonstrated a significant standardized effect of 6.82. The three-factor interaction of table speed–feed 

rate–grinding depth demonstrates a standardized effect magnitude of 2.73, indicating statistical 

significance, while the table speed–grinding depth interaction had a significant effect of 2.09. In con-

trast, the table speed–feed rate interaction was insignificant, with a standardized effect of 1.28. 
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Fig. 6. Pareto chart for corrosion current density. 

From Fig. 7, the feed rate and grinding depth have an equal significant standardized effect of 10.94 

on the poarization resistance. The table speed exhibits a statistically significant standardized effect of 

6.36. The feed rate and the grinding depth interaction exhibits a statistically significant standardized 

effect of 5.57. The table speed-feed rate-grinding depth interaction exhibits a statistically significant 

standardized effect of 4.38. The table speed and grinding depth interaction exhibits a statistically signif-

icant standardized effect of 4.02. The table speed and feed rate interaction exhibits a statistically signif-

icant standardized effect of 3.95. 

 

Fig. 7. Pareto chart for polarization resistance. 

3.2.2. Analysis of variance (ANOVA) 

Analysis of variance (ANOVA) was employed to test the significance of the regression models, 

main factors, and interaction effects on the response variables. Tables 6 and 7 present the ANOVA 

results for Icorr and Rp, respectively. 

As shown in Table 6, the overall model is significant (p = 0.000). The linear relationship between 

the grinding parameters and Icorr is also significant (p = 0.000). Individually, table speed, feed rate and 

grinding depth exhibit significant main effects, each with p-values of 0.000. The interaction between 

table speed and feed rate is insignificant (p = 0.212), whereas the table speed–grinding depth interaction 

shows statistical significance (p = 0.046). Additionally, both the feed rate–grinding depth interaction  

(p = 0.000) and the three-factor interaction involving table speed, feed rate, and grinding depth are sig-

nificant (p = 0.011). 
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Table 6. ANOVA for corrosion current density. 

Source 
Degrees of  

freedom DF 

Adjusted sum of 

squares 

Adjusted mean 

square 
F-Value p-Value 

model 26 0.000000 0.000000 143.24 0.000 

linear 6 0.000000 0.000000 559.42 0.000 

Vs 2 0.000000 0.000000 28.11 0.000 

f 2 0.000000 0.000000 277.79 0.000 

d 2 0.000000 0.000000 1372.36 0.000 

2-way interactions 12 0.000000 0.000000 28.52 0.000 

Vs·f 4 0.000000 0.000000 1.57 0.212 

Vs·d 4 0.000000 0.000000 2.80 0.046 

f·d 4 0.000000 0.000000 81.18 0.000 

3-way interactions 8 0.000000 0.000000 3.20 0.011 

Vs·f·d 8 0.000000 0.000000 3.20 0.011 

error 27 0.000000 0.000000   

total 53 0.000000    

According to Table 6, the regression model is statistically significant (p = 0.000). The linear rela-

tionship between the grinding parameters and the dependent variable is also significant (p = 0.000). All 

main effects—table speed, feed rate, and grinding depth—exhibit statistical significance, each with  

p-values of 0.000. Furthermore, all interaction terms are significant, including the table speed–feed rate 

interaction (p = 0.001), the table speed–grinding depth interaction (p = 0.000), the feed rate–grinding 

depth interaction (p = 0.000), and the three-factor interaction of table speed, feed rate, and grinding 

depth (p = 0.000).  

Table 7.  ANOVA for polarization resistance. 

Source 
Degrees of  

freedom (DF) 

Adjusted sum of 

squares 

Adjusted mean 

square 
F-Value p-Value 

model 26 18269343 702667 65.03 0.000 

linear 6 16578533 2763089 255.71 0.000 

Vs 2 531897 265949 24.61 0.000 

f 2 2465651 1232825 114.09 0.000 

d 2 13580985 6790493 628.42 0.000 

2-way interactions 12 1162806 96901 8.97 0.000 

Vs·f 4 305171 76293 7.06 0.001 

Vs·d 4 313875 78469 7.26 0.000 

f·d 4 543761 135940 12.58 0.000 

3-way interactions 8 528003 66000 6.11 0.000 

Vs·f·d 8 528003 66000 6.11 0.000 

error 27 291754 10806   

total 53 18561097    

3.3. Generation and evaluation of regression models  

The 33 regression models for Icorr and Rp generated by Minitab 2021 are as follows: 

 

Icorr =  0.000021 − 0.000001Vs₂ + 0.000001Vs₅₀ − 0.000004f₁ − 0.000001f₂ + 

0.000005f₅ − 0.000008d₀.₂ − 0.000003d₀.₅ + 0.000010d₁.₀ + 0.000001Vs·f₂₂ + 

0.000002f·d₁₀.₂ + 0.000002f·d₁₀.₅ − 0.000004f·d₁₁.₀ + 0.000001f·d₂₀.₂ + 

0.000001f·d₂₀.₅ − 0.000002f·d₂₁.₀ − 0.000003f·d₅₀.₂ − 0.000003f·d₅₀.₅ + 

0.000005f·d₅₁.₀ − 0.000001Vs·f·d₂₁₀.₂ + 0.000001Vs·f·d₂₁₁.₀ + 0.000001Vs·f·d₂₂₁.₀ 

+ 0.000001Vs·f·d₂₅₀.₂ − 0.000002Vs·f·d₂₅₁.₀ + 0.000001 Vs·f·d ₅₀₁₀.₂ − 0.000001 

Vs·f·d ₅₀₁₁.₀ − 0.000001 Vs·f·d ₅₀₅₀.₂ + 0.000001 Vs·f·d ₅₀₅₁.₀ 

 

 

 

(44) 
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Rp =  1469.4 + 131.4Vs₂ − 23.1Vs₁₅ − 108.4Vs₅₀ + 275.6f₁ − 30.5f₂ − 245.1f₅ + 632.3d₀.₂ 

− 38.1d₀.₅ − 594.3d₁.₀ + 148.8Vs·f₂₁ − 70.7Vs·f₂₂ − 78.1Vs·f₂₅ − 63.1Vs·f₁₅₁ + 

41.8Vs·f₁₅₂ + 21.3Vs·f₁₅₅ − 85.7Vs·f₅₀₁ + 28.9Vs·f₅₀₂ + 56.8Vs·f₅₀₅ + 148.4Vs·d₂₀.₂ − 

62.7Vs·d₂₀.₅ − 85.8Vs·d₂₁.₀ − 46.3Vs·d₁₅₀.₂ + 16.4Vs·d₁₅₀.₅ + 30.0Vs·d₁₅₁.₀ − 

102.1Vs·d₅₀₀.₂ + 46.3Vs·d₅₀₀.₅ + 55.8Vs·d₅₀₁.₀ + 193.7f·d₁₀.₂ − 127.6f·d₁₀.₅ − 

66.1f·d₁₁.₀ − 91.1f·d₂₀.₂ + 32.4f·d₂₀.₅ + 58.7f·d₂₁.₀ − 102.6f·d₅₀.₂ + 95.2f·d₅₀.₅ 

+7.4f·d₅₁.₀ + 266.4Vs·f·d₂₁₀.₂ − 117.8Vs·f·d₂₁₀.₅ − 148.7Vs·f·d₂₁₁.₀ − 

106.0Vs·f·d₂₂₀.₂ + 55.6Vs·f·d₂₂₀.₅ + 50.4Vs·f·d₂₂₁.₀ − 160.5Vs·f·d₂₅₀.₂ + 

62.2Vs·f·d₂₅₀.₅ + 98.3Vs·f·d₂₅₁.₀ − 74.9Vs·f·d₁₅₁₀.₂ + 19.9Vs·f·d₁₅₁₀.₅ + 

55.0Vs·f·d₁₅₁₁.₀ + 47.4Vs·f·d₁₅₂₀.₂ − 23.9Vs·f·d₁₅₂₀.₅ − 23.5Vs·f·d₁₅₂₁.₀ +  

27.5Vs·f·d₁₅₅₀.₂ + 4.0Vs·f·d₁₅₅₀.₅ − 31.5Vs·f·d₁₅₅₁.₀                                                                       

− 191.6Vs·f·d₅₀₁₀.₂ + 97.9Vs·f·d₅₀₁₀.₅ + 93.7Vs·f·d₅₀₁₁.₀ + 58.6Vs·f·d₅₀₂₀.₂ − 

31.7Vs·f·d₅₀₂₀.₅ − 26.9Vs·f·d₅₀₂₁.₀ + 133.0Vs·f·d₅₀₅₀.₂ − 66.2Vs·f·d₅₀₅₀.₅ − 

66.8Vs·f·d₅₀₅₁.₀ 

 

 

 

 

 

(45) 

where Icorr is corrosion current density, Rp is polarization resistance, Vs is table speed, f is feed rate 

and d is grinding depth. 

From Eq. (44), the R-squared for the model of Icorr is 99.28 % and shows that the model fits the 

data well. A predicted R² of 97.12 % shows that the model accounts for 97.12 % of the observed varia-

bility in corrosion current density. This highlights that the main effects of table speed, feed rate, and 

grinding depth with their interactions are responsible for variations in corrosion current density within 

the experimental scope, leaving 2.88 % of the variability linked to unexplained or unaccounted factors 

such as inherent material heterogeneity, thermal effects during grinding, and measurement uncertainties.  

From Eq. (45), the R-squared for the model of Rp is 98.43 % and shows that the model fits the data 

well. A predicted R² of 93.71 % shows that the model accounts for 93.71 % of the observed variability 

in polarization resistance. This implies that the main effects of table speed, feed rate, and grinding depth 

with their interactions are responsible for variations in polarization resistance within the experimental 

scope, leaving 6.29 % of the variability linked to unexplained or unaccounted factors such as inherent 

material heterogeneity, thermal effects during grinding, and measurement uncertainties.            

The residual plots for Icorr and Rp are found in Figs. 8 and 9, respectively. The residual plots 

include histogram, versus order, versus fits and normal probability plots. From Fig. 8, the residual diag-

nostics for the corrosion current density (Icorr) model indicate that the underlying regression assump-

tions are largely satisfied. The normal probability plot shows that the standardized residuals closely align 

with the reference line, with only slight deviations at the extremes, indicating approximate normality. 

This observation is further supported by the histogram, which exhibits a near-symmetric distribution 

centered around zero, with no pronounced skewness. The plot of standardized residuals versus fitted 

values reveals a random scatter without discernible trends or funnel-shaped patterns, indicating the ab-

sence of heteroscedasticity and confirming that the model variance remains reasonably constant across 

the range of predicted Icorr values. Additionally, the residuals plotted against the observation order 

fluctuate randomly around zero, with no systematic drift or cyclic behavior, implying that the errors are 

independent and that no time- or run-related effects are influencing the model. Overall, these diagnostic 

plots demonstrate that the regression model for Icorr is statistically adequate, unbiased, and reliable for 

interpreting the effects of the grinding parameters on corrosion current density. 

The residual diagnostic plots for the polarization resistance (Rp) model in Fig. 9 confirm that the 

regression provides an adequate and statistically sound representation of the experimental data. The 

normal probability plot shows that the standardized residuals largely align with the reference line, with 

only slight departures at the tails, indicating an approximately normal error distribution. This behavior 

is corroborated by the histogram, which displays a near-symmetric distribution centered around zero 

without significant skewness. The plot of standardized residuals versus fitted values exhibits a random 

scatter with no systematic structure or variance inflation, suggesting that homoscedasticity is reasonably 

maintained across the range of predicted Rp values. Furthermore, the residuals versus observation order 

fluctuate randomly about zero, with no sustained trends or cyclic patterns, implying independence of 

errors and the absence of run-order effects. Collectively, these diagnostics demonstrate that the Rp re-

gression model satisfies the key assumptions of normality, constant variance, and independence, thereby 

supporting its reliability for interpreting the influence of grinding parameters on polarization resistance. 
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Fig. 8. Residuals plot for corrosion current density. 

 
Fig. 9. Residuals plot for polarization resistance. 

3.4 Multi-objective optimization 

The Pareto front obtained from the weighted sum multi-objective optimization is shown in Fig. 10. 

The goal for the optimization was to minimize Icorr and maximize Rp. The optimal predictor settings 

obtained from Matlab were at low speed (2 spm), low feed rate (1.0 mm/min) and low grinding depth 

(0.2 mm) with optimal Icorr and Rp of 9.0 × 10⁻6 A/cm2 and 2968.80 ohm·cm2, respectively.  

From Fig. 10, the Pareto distribution between Icorr and Rp reveals a clear inverse trade-off charac-

teristic of electrochemical surface responses, where reductions in Icorr are consistently associated with 

increases in Rp. The plot shows that solutions clustered at low Icorr values (≈1.0–1.5 × 10⁻⁵ A/cm²) 

correspond to the highest Rp range (≈1800–3000 Ω·cm²), indicating superior corrosion resistance under 
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optimal predictor settings. As Icorr increases toward ≈ 4.0 × 10⁻⁵ A/cm², Rp decreases markedly to 

below 1000 Ω·cm², reflecting progressively poorer protective behavior. The smooth, monotonic nature 

of the Pareto front suggests a stable and well-defined compromise surface, with no abrupt discontinui-

ties, implying that the regression models capture the competing influence of grinding parameters effec-

tively. The knee region of the curve, around Icorr ≈ (1.5–2.0) × 10⁻⁵ A/cm² and Rp ≈ 1400–1800 Ω·cm², 

represents an optimal trade-off zone where a balanced improvement in corrosion resistance can be 

achieved without excessive sacrifice in either objective, making it particularly relevant for practical 

process optimization. 

 
Fig. 10. Pareto distribution of Icorr and Rp. 

4. Conclusions 

From the experimental results the following conclusions were drawn:  

1) Icorr increased from low values at 2 spm table speed, 1 mm/min feed rate, and 0.2 mm grinding 

depth to markedly higher values at 50 spm table speed, 5 mm/min feed rate, and 1.0 mm grinding 

depth, while Rp exhibited the opposite trend, declining steadily with increasing grinding sever-

ity. These monotonic trends indicate a clear linear relationship between the grinding parameters 

and both electrochemical indicators, confirming that more aggressive grinding conditions dete-

riorate corrosion resistance. 

2) The feed rate and grinding depth, with standardized effects of 10.94 each, are the most influen-

tial parameters controlling both electrochemical responses (Icorr and Rp), while interaction ef-

fects—particularly those involving grinding depth—play a meaningful but secondary role. 

3) The regression models show excellent predictive capability. For Icorr, the R² of 99.28% and 

predicted R² of 97.12% indicate that the model explains nearly all variability in corrosion current 

density, with only 2.88% attributed to unaccounted factors such as material heterogeneity, grind-

ing-induced thermal effects, and measurement uncertainty. Similarly, the Rp model exhibits  

a strong fit, with R² = 98.43% and predicted R² = 93.71%, confirming that table speed, feed rate, 

grinding depth, and their interactions largely govern polarization resistance, while the remaining 

6.29% variability arises from minor unmodeled effects.  

4) The optimal conditions are low table speed (2 spm), low feed rate (1.0 mm/min), and shallow 

grinding depth (0.2 mm). The inverse relationship confirms that improved corrosion resistance 

is achieved under mild grinding conditions.  

5) Microstructural analysis should be conducted to further comprehend the impact of surface grind-

ing parameters on corrosion resistance of AA7075 thin plates in simulated seawater.  
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Wielokryterialna Optymalizacja Gęstości Prądu Korozyjnego i Oporu Polaryzacyj-

nego Cienkiej Płyty AA7075 Szlifowanej w Roztworze NaCl o Stężeniu 3,5% wag. 

Streszczenie 

Cienkie płyty ze stopu aluminium AA7075 są szeroko powszechnie w przemyśle morskim, szczególnie do 
wytwarzania paneli poszycia hydropłatów. Szlifowanie powierzchniowe stanowi kluczowy proces wykończe-
niowy tych płyt, jednak optymalne parametry szlifowania minimalizujące gęstość prądu korozyjnego (Icorr) 
oraz maksymalizujące opór polaryzacyjny (Rp) nie zostały dotąd jednoznacznie określone. Celem badań było 
wyznaczenie optymalnych parametrów szlifowania umożliwiających kontrolę parametrów Icorr i Rp w roz-
tworze 3,5% mas. NaCl (symulowana woda morska). Cienkie płyty ze stopu AA7075 szlifowano zgodnie  
z planem eksperymentalnym, a wartości Icorr i Rp mierzono przy użyciu elektrochemicznej stacji pomiarowej 
CorrTest. Wyniki wykazały, że wartość parametru Icorr zwiększała się przy większej prędkości stołu (50 spm), 
większym posuwie (5,0 mm/min) oraz większej głębokości szlifowania (1,0 mm), natomiast wartość parame-
teru Rp zmniejszała się w tych samych warunkach. Analiza efektów standaryzowanych wykazała, że posuw  
i głębokość szlifowania były czynnikami o największym wpływie (każdy z efektem równym 10,94), podczas 
gdy prędkość stołu miała wpływ umiarkowany, a wyrazy interakcyjne odgrywały rolę drugorzędną, lecz istotną 
statystycznie. Modele regresyjne wykazały wysoką zdolność predykcyjną, z wartościami R² i przewidywanego 
R² równymi odpowiednio 99,28% i 97,12% dla parametru Icorr oraz 98,43% i 93,71% dla parametru Rp. Op-
tymalne parametry uzyskano przy niskiej prędkości stołu (2 spm), niskim posuwie (1,0 mm/min) oraz małej 
głębokości szlifowania (0,2 mm). 

Słowa kluczowe: optymalizacja wielokryterialna, gęstość prądu korozyjnego, opór polaryzacji, szlifowanie 

powierzchniowe, cienka płyta ze stopu AA7075 
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