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1. Abstract

The process of robot spray painting holds significant potential for enhancing various aspects
of production, including quality, productivity, and environmental cleanliness. This method is
particularly prevalent in industries like automotive manufacturing and the production of
household appliances. The objective is to identify the optimal parameters for the spray
painting process, thereby enhancing the quality of paint coating. The process optimization
revolves around performance indicators such as variation in paint thickness, surface
roughness, and the adhesive strength of the paint film.

In comparison to established techniques such as the Taguchi orthogonal array and gray
rational analysis, a modified Taguchi approach is chosen in this scenario. This approach is
more straightforward and offers improved insights into determining the ideal spray painting
process parameters. These parameters might include variables like spraying distance,
pressure, and speed. The overarching goal is to achieve minimal thickness variation, reduced
surface roughness, and maximal adhesion of the paint film.

The approach involves the development of empirical relationships that govern the
relationship between the spray painting process parameters and the desired outcomes,
namely thickness variation, surface roughness, and film adhesion. These relationships are
based on practical experimentation and observation.

This results in superior paint coatings, thereby leading to improved product quality,
heightened productivity, reduced reliance on manual labor, and lowered overall costs. The
implementation of this approach is vital for industries aiming to uphold high standards of
production and deliver superior products to their consumers.

2. Introduction

In their study, Bhalamurugan and Prabhu [1] devised an experimental setup aimed at
optimizing the parameters for the robot spray painting process[2]. They employed Taguchi's
L9 orthogonal array, [3]which is a systematic method for conducting experiments with
multiple factors and levels, to investigate the effects of three process parameters: distance,
pressure, and speed.[4] Each parameter was tested at three different levels. The objective
was to identify the optimal combination of these parameters[5] to achieve desirable
outcomes in the robot spray painting process[6]. The desired outcomes, referred to as
performance indicators[7], encompassed parameters like thickness variation, surface
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roughness, and film adhesion, all of which are crucial factors in ensuring high-quality paint
coatings[8].

The Taguchi method, renowned for optimizing single performance characteristics[9], was
chosen as the primary approach to fine-tune the robot spray painting process parameters[10].
Bhalamurugan and Prabhu [11] sought to address the multi-objective nature of the problem
by also employing gray rational analysis (GRA)[12], a technique geared towards tackling multi-
objective optimization challenges[13]. By integrating GRA, the researchers aimed to arrive at
an optimal solution that considered the simultaneous optimization of the three performance
indicators[14].

To analyze the impact of various factors and levels[15], analysis of variance (ANOVA) was
carried out[16] Prior to ANOVA, the researchers applied the signal-to-noise (S/N)
transformation to the output responses obtained from each test run[17]. This transformation
helped consolidate the scattered data from repeated test runs into a single representative
value for each response parameter (thickness variation, surface roughness, and film
adhesion)[18]. This transformation is in line with Taguchi's recommendation, which facilitates
the condensation of data variability into a single value for analysis[19].

However, this study introduced a modified[20] Taguchi approach that estimated the potential
range of output responses based on the specified robot spray painting process parameters.
[21]The novelty of this approach lies in estimating a range of potential outcomes rather than
focusing solely on a single representative value[22]. By considering this range, the researchers
aimed to provide a more comprehensive understanding of the potential outcomes under
various conditions[23].

Furthermore, Bhalamurugan and Prabhu's [24] results were corroborated through
comparisons with empirical test data. Despite the additional computational steps introduced
by the S/N ratio transformation, the study yielded results that were well within the estimated
range. This indicated that the modified Taguchi approach effectively captured the variability
and provided a more encompassing perspective on the potential outcomes of the robot spray
painting process under different parameter settings.

3. Analysis

Bhalamurugan and Prabhu's research [3] involved conducting experiments using an ABB IRB
1410 robot for the purpose of robot spray painting. The process employed specially designed
end-effectors equipped with a pneumatically controlled spray gun. To control air pollution
resulting from the paint fumes, a portable paint booth was created. This booth not only held
the CRCA steel substrates (measuring 250x150x1.5mm) in an appropriate position but also
effectively managed the emissions from the fumes. For the painting process, a Hi-Solids Poly
Urethane (PU) paint with low volatile organic compounds (VOC) was utilized. The viscosity of
the paint was measured using a Ford#4 cup.
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To ensure effective coverage during the painting process, a 50% overlapping strategy was
employed for planning the path of the gun's travel. The objective of the study was to enhance
the quality of the paint coating, focusing on three key performance indicators: thickness
variation (1), surface roughness ({2), and film adhesion ({3). These indicators provided
insights into the overall quality and effectiveness of the paint application. On the other hand,
the spray painting process parameters that were under investigation included distance (A),
pressure (B), and speed (C). These parameters directly influenced the behavior of the spray
gun and, consequently, the paint application process.

To systematically explore the effects of the process parameters, Bhalamurugan and Prabhu
[3] divided each parameter into three levels. The L9 orthogonal array, a fundamental
experimental design technique, was adopted to efficiently manage the experimentation
process. This array enabled the researchers to select a limited number of experiments while
still capturing the essential variations and interactions among the parameters. In Table-1, the
specific levels of the process parameters (A, B, and C) and the performance indicators ({1,
P2, and 3) are outlined according to the L9 orthogonal array design.

The researchers calculated the minimum number of experiments required using the Taguchi
approach, considering the number of process parameters (np) and their corresponding levels
(nl). The formula for determining this minimum number of experiments (NTaguchi) is:

NTaguchi =1 + (Number of process parameters) x (Number of Levels - 1) =1 + (np) x (nl - 1)

This formula takes into account the fact that conducting experiments at different levels of the
process parameters provides valuable insights into their effects and interactions, aiding in the
optimization process. By systematically varying these parameters while adhering to the L9
orthogonal array design, Bhalamurugan and Prabhu were able to efficiently explore the
parameter space and identify the optimal conditions for achieving the desired performance
indicators in the robot spray painting process.

Test | Levek of design Performance mndicators

Run factors Thickness Surface Fim adhesion,
variation, w, (um) roughness, v, (%)
v, (um)

4 [B [ C [D |[Test[I0] |Eq(2) |Test[10] | Eq(2) | Test[10] | Eq.()
| 1] 1(1 1 9 9 0.102 0.102 96.5 96.5
2 1 ]2]2 2 2 2 0.110 0.110 95 95.0
3 113133 9 9 0.162 0.162 98.5 98.5
4 2121 3 5.5 5.5 0.104 0.104 97 97.0
5 21213 1 3.5 5.5 0.096 0.096 97.5 97.5
6 21311 2 18 18 0.130 0.130 98.5 98.5
7 13113 2 18 18 0.083 0.083 98.9 98.9
8 [3 121 3 14 14 0.070 0.070 98.5 98.5
9 3 13(2 | 18 18 0.137 0.137 98.9 98.9
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Full factorial design of experiments

4. Concluding Remarks

The widespread application of the robot spray painting process in the automotive industry
has prompted a need to enhance the quality of paint coatings. To achieve this goal, it is
essential to determine the most suitable spray painting process parameters. In this context,
the study at hand addresses the challenge by focusing on performance indicators that directly
impact the quality of the painted surfaces. These performance indicators encompass three
critical factors: thickness variation, surface roughness, and film adhesion. The aim is to
optimize these indicators to ensure superior paint coating quality.

The approach taken in this study is centered around a simple yet effective modified Taguchi
method. This method is utilized to identify the optimal parameters for the spray painting
process. The parameters under consideration include variables such as distance, pressure,
and speed. The ultimate objective is to determine the combination of these parameters that
results in minimal thickness variation, reduced surface roughness, and maximized film
adhesion. By optimizing these parameters, the study seeks to achieve the highest possible
quality of paint coating on surfaces.

Crucially, the test data collected during the study align closely with the expected or estimated
range.

These relationships serve as valuable tools for estimating the performance indicators based
on the specified spray painting process parameters. Unlike more complex statistical
regression methodologies, the study recommends the use of the modified Taguchi method.
This method demonstrates its effectiveness in managing multiple responses by representing
them functionally through a single response characteristic after suitable adjustments.
Importantly, there's no requirement for the signal-to-noise (S/N) ratio transformation,
simplifying the approach further.
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The appeal of the Taguchi-based multi-objective optimization used in this study lies in its
simplicity and ease of implementation. The study acknowledges that industries often
prioritize straightforward and reliable methods for solving practical problems. By offering a
practical approach that can be executed with calculators, the study caters to industry
preferences and presents a viable solution for enhancing the spray painting process in a
practical and accessible manner.
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