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Abstract 

The research undertaken delves deeply into engineering exploration of surface lapping, primarily focusing 
on statistically analyzing the hardness via ANOVA. This research was studied the Influence of Alumina 
Powder on Surface Quality in Lapping Process on the C3604 Brass Material Utilizing Factorial Experimental 
Design and Analysis. Design and analysis of experiment (DOE) about factorial experiment was applied to 
analyze the four-Alumina Powder size of 0.05, 0.30, 1.00, and 3.00 µm and nine-lapping time of 30, 60, 90, 
120, 150, 180, 210, 240 and 270 min, respectively. These multi-responses of factorial experiment were the 
weight loss and three Ra-value (e.g. the Ra-value on x-axial, the Ra-value on y-axial, and the Ra-value on 
cross-axial) which analyzed to effect surface quality of brass C3604 on lapping process. In preparing 
specimen condition of surface roughness for experimental, were used the alumina powder of 200gram 
alumina powder lubricant of 150millilitre and water of 1 liter. Finally, the statistical analysis result of 
optimized the lower multi-response (e.g. the weight loss of 0.0730 µm, the Ra-value on x-axial of 0.1198 
µm, the Ra-value on y-axial of 0.1834, and the Ra-value on cross-axial of 0.1838 µm, respectively.) was 
exhibited the alumina powder size of 0.30 µm and the lapping time of 210 min. These statistical analyses 
were shown the satisfaction value. (Desirability: D) with regard to statistical processing, it was found that 
the value was as high as 83.80%. 

Keywords: Lapping Process, Weight Loss, Surface Roughness, Factorial Experiment.  

 
1. INTRODUCTION 

The dynamics of lapping processes are notably shaped by diverse input parameters, 
underscoring the critical role played by variables such as machining speed, pressure, and 
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the duration of contact among the lap plate, abrasive paste, and work piece. Refinements 
in polishing methods targeting the augmentation of surface texture without instigating 
alterations or detriment to the material have been the focus of extensive research over 
numerous years. Moreover, the advent of novel lubricants has emerged, effectively 
diminishing friction between the work piece and lapping plate, thereby culminating in 
heightened surface quality and decreased wear on the lapping plate [1-2]. Normally, 
lapping and polishing processes occur due to the sliding friction between particles and a 
surface. During the process, a lapping or polishing tool is passed across a material 
surface while particles of sand or mud-type slurry are forced against it at the point of 
contact [3]. Grinding is one of the most important abrasive processes used to achieve 
precise dimensions and smooth surfaces. Typically, the material removal rate from the 
work piece is lower in grinding operations compared to other general machining methods 
[4]. This research analyzes work surfaces that require very high surface roughness to add 
value to the product for maximum return. Lapping is a finishing method used to obtain 
high surface quality [5-6].  

The result of using lapping as a finishing method would be a bright and high-resolution 
surface. The type of materials used to fine-tune the surface affects its smoothness in the 
final finishing stage, which involves cleaning and improving the surface of metal materials 
through a combination of mechanical and chemical manufacturing processes [7-8]. The 
lapping process is a method used to adapt plane surfaces to increase accuracy and 
precision. It is a type of abrasive machining technology [9–12]. Lapping possesses distinct 
advantages of high efficiency, flexibility, accuracy, precision, and low surface damage. It 
is commonly used in machining smooth and independent form surfaces compared to 
conventional machining technologies that use geometrical tools. Measurement accuracy 
and precision are crucial in high-precision technology related to the surface polishing 
process [13-16]. The effect of surface scrubbing on the lapping process depends on many 
parameters, as observed in experiments [18].  

The quality, accuracy, and precision of the surface shape can be achieved by adjusting 
the type of lapping process used. Continuous experimentation is necessary to ensure 
high efficiency [17, 19-20]. Utilizing statistical methodologies like analysis of variance 
(ANOVA) enables meticulous adjustments in the lapping process, leading to superior 
efficiency and quality outcomes. ANOVA facilitates a detailed examination of various 
factors impacting the process, allowing for precise optimization of parameters like 
pressure, abrasive particle size, and duration. By discerning influential factors and their 
interactions, manufacturers can fine-tune the process with precision, ensuring consistent 
high-quality results [21-22]. This study holds promise for application within manufacturing 
or engineering sectors utilizing the lapping process for brass C3604. It provides valuable 
insights into selecting suitable alumina powder sizes and determining optimal polishing 
durations to achieve the desired surface roughness. The primary objective is to compare 
the impact of four types of alumina polishing powder on the average surface roughness 
(Ra) of brass C3604 during surface lapping. Employing principles of Design and Analysis 
of Experiment (DOE), this research will establish process parameters and statistically 
analyze their significance. 
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2. EXPERIMENTAL PROCEDURE 

The Brass C3604 is a versatile alloy composed of copper, zinc, and other essential 
elements. With a wide range of mechanical properties, this type of brass offers an 
excellent choice for various applications across multiple industries, including plumbing, 
electronics, automotive manufacturing, electrical equipment manufacturing, and marine 
construction. The primary components of C3604 brass consist of copper (65-80% by 
weight) and zinc, while the remaining 20-35% comprises tin (1-2%), aluminum (0.02-
0.6%), nickel (0.02-0.07%), lead (0.01-0.05%), iron (0.01-0.07%), and manganese 
(0.001%). The specific composition may vary depending on the intended application, and 
small amounts of other alloys like silicon and arsenic may be added. C3604 brass exhibits 
a diverse range of properties that make it highly suitable for a wide array of industries. It 
possesses good strength and formability characteristics, allowing for efficient shaping and 
fabrication processes. Moreover, it demonstrates excellent corrosion resistance, 
particularly in saltwater environments, making it well-suited for marine applications. The 
malleable characteristics of C3604 brass facilitate effortless machining and welding, 
rendering it ideal for tasks that demand precision components or the swift and accurate 
fabrication of intricate shapes. In this context, an aluminum oxide grinding wheel is 
utilized, specifically employing a white stone-type grinding stone crafted from aluminum 
oxide. The grinding stone possesses dimensions of 205 x 19 x 31.75 mm, and its grit size 
is identified as WA60JV, signifying its precise abrasive particle dimensions Fig. 1 provides 
a visual representation of the equipment and materials employed in the outlined 
preparation process, offering a clear illustration of the sequential steps involved in the 
preparation procedure. 

 

Fig 1: The Grinding machine of flat surface machining 

During the experimental phase, the refinement of the fine skin process begins by mixing 
specific quantities of Alumina Powder 200gram. Alumina powder lubricant 150millilitre 
and water 1 liter. To achieve the desired ratio. This mixture is crucial in obtaining the 
average surface roughness values, also known as Ra-values. Subsequently, the 
prepared specimens of brass C3604, characterized as flat bars measuring 35 x 35 x 5 
mm brass C3604 are utilized in the experiment, employing a piece test conducted on the 
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surface of Lapping plate Fig. 2 provides a visual representation of this setup, showcasing 
the configuration and arrangement of the experimental components. Subsequently, the 
experiment was conducted by varying the time interval in the fine finishing process. Time 
intervals of 30, 60, 90, 120, 150, 180, 210, 240, and 270 minutes were selected to 
investigate their impact on the average surface roughness (Ra-value) of the specimens. 
The surface roughness value is measured using a microscope (3D Measuring Laser 
Microscope, Model OLS5000) by assessing the surface roughness value in 4 sets. Each 
piece undergoes measurement at 5 points per test piece. 

The measurement procedure involves taking the piece and utilizing a magnification power 
of 20 times in front of the lens (Lens). The surface roughness value is then measured at 
specific points: the top right angle (TR) and lower right angle (BR) of the workpiece along 
the x and y axial, the top left corner (TL) and bottom-left angle (BL) of the workpiece along 
the x and y axial, and the center point (Center; C) of the workpiece along the x and y 
axial. as shown in Fig. 3 The experimental data will undergo analysis, including the 
calculation of arithmetic mean surface roughness values for each time period. These 
findings will be graphically presented to provide both a concise summary and a 
comprehensive understanding of how the timing of the surface improvement process 
relates to the surface roughness of C3604 brass. This analysis will offer valuable insights 
into the impact of treatment time on enhancing surface quality. 

 

Fig 2: (a) Alumina (b) Lapping Machine  (c) Polishing Plate  (d) Specimen (e) 
Conditioning Rings 
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Fig 3: 3D Measuring Model OLS5000  Roughness (Ra) 
 
3. RESULTS AND DISCUSSION 

Results should Specimens The statistical analysis of variance (ANOVA) revealed that 
both the main effect term and interaction term of the multi-responses were found to be 
statistically significant at a 95% confidence level. This indicates that the factors being 
investigated, including the time interval in the fine finishing process, have a significant 
influence on the measured outcomes. 

The Pareto chart further supported these findings, as all bars exceeded the critical 
reference line of the F-value statistic at a 95% confidence level, indicating their 
importance in the experimental results. The experiment focused on adjusting the time 
interval in the lapping process to collect average surface roughness data (Ra-value) from 
brass C3604 specimens using a grinding wheel. 

Time intervals of 30, 60, 90, 120, 150, 180, 210, 240, and 270 minutes were chosen for 
data collection. With increments of 30 minutes. These intervals were chosen to evaluate 
the effect of varying durations on surface roughness. The collected data was then 
subjected to analysis to determine the relationship between the time interval and surface 
roughness.  

Two key responses, namely the weight loss and Ra-value, were considered as part of the 
factorial experiment. These responses were analyzed to assess the impact of the time 
interval on the weight loss and surface quality of the brass C3604 specimens during the 
lapping process.  

The experimental data, including the weight loss and Ra-value measurements, can be 
found in Table 1 providing valuable insights into the effects of different time intervals on 
the surface roughness characteristics of the specimens. 
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Table 1: The experimental data of weight loss and Ra-value 

Powder 
(µm) 

Time 
(min) 

Weight Loss 
(g) 

Ra (µm) 

x-axial y-axial Cross-axial 

0.05 30 0.0247 0.0790 0.3400 0.3480 

0.05 30 0.0230 0.2360 0.3880 0.3810 

0.05 30 0.0243 0.2750 0.3500 0.3910 

0.05 30 0.0235 0.2320 0.3400 0.3720 

0.05 30 0.0237 0.1910 0.3360 0.2770 

0.05 60 0.0348 0.1840 0.5840 0.5630 

0.05 60 0.0350 0.1480 0.4720 0.4210 

0.05 60 0.0350 0.2490 0.5280 0.4870 

0.05 60 0.0349 0.0170 0.3990 0.3460 

0.05 60 0.0345 0.0750 0.6090 0.7730 

0.05 90 0.0252 0.0610 0.3080 0.3070 

0.05 90 0.0257 0.0290 0.2620 0.2880 

0.05 90 0.0255 0.0770 0.3160 0.3180 

0.05 90 0.0253 0.0690 0.4500 0.4810 

0.05 90 0.0254 0.0170 0.3530 0.3430 

0.05 120 0.0577 0.3750 0.2610 0.3590 

0.05 120 0.0577 0.2960 0.0660 0.4580 

0.05 120 0.0585 0.3460 0.0590 0.3020 

0.05 120 0.0579 0.3830 0.2500 0.3880 

0.05 120 0.0584 0.3530 0.1780 0.3900 

0.05 150 0.1072 0.1960 0.0840 0.1450 

0.05 150 0.1069 0.2380 0.0410 0.2760 

0.05 150 0.1082 0.2390 0.0050 0.2190 

0.05 150 0.1068 0.1820 0.0320 0.2260 

0.05 150 0.1068 0.2590 0.0630 0.1760 

0.05 180 0.1160 0.2240 0.6670 0.8000 

0.05 180 0.1157 0.2280 0.6010 0.5550 

0.05 180 0.1160 0.0450 0.2430 0.2210 

0.05 180 0.1155 0.2600 0.6150 0.4830 

0.05 180 0.1160 0.1040 0.4030 0.5000 

0.05 210 0.1096 0.2060 0.5080 0.5290 

0.05 210 0.1093 0.0960 0.2910 0.3070 

0.05 210 0.1102 0.1100 0.1110 0.3670 

0.05 210 0.1097 0.1270 0.4840 0.4450 

0.05 210 0.1097 0.1420 0.3850 0.3310 

0.05 240 0.4177 0.0320 0.4140 0.3440 

0.05 240 0.4177 0.1480 0.7200 0.5360 

0.05 240 0.4178 0.1110 0.5270 0.5410 

0.05 240 0.4176 0.1390 0.8870 0.7700 

0.05 240 0.4176 0.4000 0.6460 0.6290 

0.05 270 0.0865 0.1490 0.5750 0.5670 

0.05 270 0.0871 0.3990 0.5310 0.5570 

0.05 270 0.0868 0.2260 0.3610 0.3650 

0.05 270 0.0867 0.1350 0.3610 0.3280 

0.05 270 0.0871 0.0850 0.4020 0.3320 
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Table 1: The experimental data of weight loss and Ra-value (Cont.) 

Powder 
(µm) 

Time 
(min) 

Weight Loss 
(g) 

Ra (µm) 

x-axial y-axial Cross-axial 

0.30 30 0.0119 0.1660 0.3370 0.4000 

0.30 30 0.0119 0.0710 0.5180 0.4830 

0.30 30 0.0118 0.0400 0.4000 0.4290 

0.30 30 0.0112 0.1410 0.3980 0.4470 

0.30 30 0.0117 0.1520 0.4090 0.4190 

0.30 60 0.0127 0.2800 0.1410 0.2520 

0.30 60 0.0129 0.3530 0.4040 0.1840 

0.30 60 0.0130 0.0830 0.2180 0.2410 

0.30 60 0.0130 0.3290 0.0440 0.0550 

0.30 60 0.0132 0.1930 0.1220 0.0930 

0.30 90 0.0836 0.1740 0.4320 0.5220 

0.30 90 0.0837 0.1770 0.4510 0.4230 

0.30 90 0.0845 0.1690 0.4810 0.4390 

0.30 90 0.0830 0.2460 0.4620 0.4270 

0.30 90 0.0831 0.1820 0.4580 0.4580 

0.30 120 0.1060 0.3510 0.0220 0.3820 

0.30 120 0.1050 0.3430 0.0050 0.3460 

0.30 120 0.1052 0.4240 0.1660 0.4770 

0.30 120 0.1053 0.3970 0.0090 0.4200 

0.30 120 0.1057 0.4140 0.0280 0.3850 

0.30 150 0.1514 0.2660 0.1140 0.2500 

0.30 150 0.1511 0.3620 0.2210 0.2920 

0.30 150 0.1512 0.2350 0.1250 0.3170 

0.30 150 0.1507 0.4390 0.1370 0.4960 

0.30 150 0.1508 0.3930 0.2380 0.3560 

0.30 180 0.1752 0.2290 0.3690 0.5440 

0.30 180 0.1737 0.3470 0.3240 0.5220 

0.30 180 0.1745 0.3920 0.3820 0.4230 

0.30 180 0.1747 0.3240 0.3860 0.2940 

0.30 180 0.1745 0.4670 0.3600 0.6380 

0.30 210 0.0739 0.0530 0.1100 0.1150 

0.30 210 0.0724 0.0790 0.1630 0.2060 

0.30 210 0.0729 0.1090 0.1840 0.2130 

0.30 210 0.0726 0.2160 0.2400 0.1910 

0.30 210 0.0731 0.1420 0.2200 0.1940 

0.30 240 0.0723 0.3280 0.0650 0.3780 

0.30 240 0.0720 0.3120 0.2410 0.3470 

0.30 240 0.0720 0.2540 0.0970 0.2340 

0.30 240 0.0719 0.4320 0.1740 0.4150 

0.30 240 0.0721 0.2840 0.1420 0.2310 

0.30 270 0.1369 0.0030 0.6050 0.5450 

0.30 270 0.1369 0.0480 0.4320 0.3810 

0.30 270 0.1378 0.1420 0.4500 0.4290 

0.30 270 0.1370 0.3640 0.6280 0.5850 

0.30 270 0.1377 0.1420 0.5560 0.5060 

 



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/ 
Journal of Tianjin University Science and Technology 
ISSN (Online):0493-2137 
E-Publication: Online Open Access 
Vol: 57 Issue: 04:2024 
DOI: 10.5281/zenodo.11059414 

 

April 2024 | 489 

Table 1: The experimental data of weight loss and Ra-value (Cont.) 

Powder 
(µm) 

Time 
(min) 

Weight Loss 
(g) 

Ra (µm) 

x-axial y-axial Cross-axial 

1.00 30 0.0365 0.1140 0.2970 0.3300 

1.00 30 0.0359 0.1680 0.3350 0.3940 

1.00 30 0.0363 0.1570 0.3120 0.2860 

1.00 30 0.0363 0.1440 0.4780 0.4430 

1.00 30 0.0361 0.0960 0.3300 0.3050 

1.00 60 0.0130 0.2010 0.3040 0.2880 

1.00 60 0.0119 0.3540 0.3910 0.5000 

1.00 60 0.0131 0.2130 0.4880 0.4630 

1.00 60 0.0127 0.1450 0.3050 0.2910 

1.00 60 0.0131 0.1460 0.4250 0.4350 

1.00 90 0.1171 0.3680 0.0940 0.4240 

1.00 90 0.1174 0.5040 0.1060 0.4990 

1.00 90 0.1164 0.3510 0.0440 0.3350 

1.00 90 0.1174 0.4350 0.2350 0.4480 

1.00 90 0.1169 0.4190 0.2160 0.4260 

1.00 120 0.0854 0.2220 0.3620 0.3660 

1.00 120 0.0849 0.2280 0.3870 0.3730 

1.00 120 0.0856 0.2720 0.4740 0.4850 

1.00 120 0.0852 0.3410 0.6550 0.5850 

1.00 120 0.0861 0.2700 0.4270 0.4310 

1.00 150 0.0842 0.4540 0.0100 0.4550 

1.00 150 0.0845 0.3430 0.1090 0.2870 

1.00 150 0.0835 0.4580 0.1290 0.4650 

1.00 150 0.0845 0.3290 0.0040 0.4010 

1.00 150 0.0840 0.4170 0.1390 0.4330 

1.00 180 0.1673 0.0650 0.4420 0.4210 

1.00 180 0.1667 0.0960 0.3260 0.2700 

1.00 180 0.1676 0.1790 0.4540 0.4140 

1.00 180 0.1673 0.1560 0.4840 0.4720 

1.00 180 0.1672 0.2020 0.2500 0.2860 

1.00 210 0.0955 0.3440 0.1220 0.3840 

1.00 210 0.0954 0.3280 0.1590 0.2820 

1.00 210 0.0955 0.3750 0.1450 0.3340 

1.00 210 0.0953 0.4430 0.2730 0.4040 

1.00 210 0.0956 0.2990 0.1020 0.2340 

1.00 240 0.0257 0.1880 0.1540 0.2310 

1.00 240 0.0254 0.2630 0.0650 0.2130 

1.00 240 0.0258 0.4350 0.0570 0.3920 

1.00 240 0.0257 0.2280 0.1050 0.2200 

1.00 240 0.0259 0.2310 0.0280 0.1860 

1.00 270 0.1468 0.5840 0.1430 0.5620 

1.00 270 0.1463 0.4810 0.2370 0.4560 

1.00 270 0.1468 0.4950 0.0840 0.4780 

1.00 270 0.1470 0.3780 0.3330 0.3210 

1.00 270 0.1475 0.2870 0.0780 0.2600 
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Table 1: The experimental data of weight loss and Ra-value (Cont.) 

Powder 
(µm) 

Time 
(min) 

Weight Loss 
(g) 

Ra (µm) 

x-axial y-axial Cross-axial 

3.00 30 0.0524 0.5460 0.1700 0.5710 

3.00 30 0.0522 0.5820 0.0710 0.6260 

3.00 30 0.0550 0.3890 0.1870 0.4730 

3.00 30 0.0528 0.5130 0.2440 0.5470 

3.00 30 0.0526 0.4530 0.0540 0.4100 

3.00 60 0.0178 0.3310 0.0490 0.3580 

3.00 60 0.0176 0.3240 0.3250 0.3760 

3.00 60 0.0184 0.3200 0.0250 0.2640 

3.00 60 0.0186 0.2770 0.0050 0.2770 

3.00 60 0.0192 0.2970 0.0260 0.3700 

3.00 90 0.0896 0.4840 0.1410 0.5110 

3.00 90 0.0902 0.2340 0.0310 0.2490 

3.00 90 0.0906 0.3330 0.0300 0.3590 

3.00 90 0.0896 0.2530 0.0360 0.0960 

3.00 90 0.0910 0.4470 0.1710 0.4440 

3.00 120 0.1112 0.2360 0.2820 0.1630 

3.00 120 0.1188 0.0870 0.0970 0.4230 

3.00 120 0.1191 0.0030 0.3870 0.3810 

3.00 120 0.1186 0.0040 0.3170 0.3090 

3.00 120 0.1194 0.1330 0.5210 0.5020 

3.00 150 0.2183 0.2900 0.1110 0.3370 

3.00 150 0.2185 0.5960 0.0480 0.6130 

3.00 150 0.2188 0.4520 0.0480 0.5020 

3.00 150 0.2185 0.3890 0.1410 0.3330 

3.00 150 0.2125 0.3560 0.1700 0.4220 

3.00 180 0.2028 0.2250 0.6660 0.8230 

3.00 180 0.2036 0.6360 0.4140 0.5020 

3.00 180 0.2037 0.7740 0.7420 0.6250 

3.00 180 0.2032 0.6550 0.6130 0.9960 

3.00 180 0.2035 0.3580 0.4510 0.5440 

3.00 210 0.0525 0.0190 0.4890 0.4270 

3.00 210 0.0524 0.5060 0.1040 0.4740 

3.00 210 0.0534 0.3720 0.0530 0.3710 

3.00 210 0.0531 0.3240 0.0700 0.3480 

3.00 210 0.0529 0.3560 0.0340 0.4390 

3.00 240 0.3087 0.2880 0.4050 0.3920 

3.00 240 0.3094 0.2550 0.5400 0.5180 

3.00 240 0.3089 0.1470 0.5930 0.5380 

3.00 240 0.3085 0.3550 0.7590 0.6740 

3.00 240 0.3089 0.1120 0.5250 0.4870 

3.00 270 0.1249 0.3460 0.0010 0.3050 

3.00 270 0.1253 0.2760 0.1080 0.2920 

3.00 270 0.1254 0.4880 0.1160 0.4580 

3.00 270 0.1254 0.3970 0.1380 0.5040 

3.00 270 0.1252 0.3320 0.0870 0.3030 
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The statistical analysis of the factorial experiment yielded separate results for four key 
parameters: weight loss, Ra-value on the x-axial, Ra-value on the y-axial, and Ra-value 
on the cross-axial. In each of these analyses, both the main effect terms and interaction 
terms of the multi-responses were found to be statistically significant at a 95% confidence 
level. This signifies that the factors under investigation exerted a significant influence on 
the measured outcomes across all four parameters. The results highlight the importance 
of considering both the individual effects of the factors and their interactions in 
understanding the overall impact on weight loss and the various Ra-values.  
The significant findings underscore the need to carefully consider and control these 
factors to achieve desired outcomes and improve the surface quality of the studied brass 
C3604 specimens. 

The statistical analysis provides valuable insights into the interplay between the 
experimental variables and the measured responses, allowing for more informed 
decision-making and optimization of the lapping process. The obtained P-values for the 
analysis of variance (ANOVA) results, as shown in Table 2 - 5 were found to be 
significantly lower than the predetermined significance level (α-value) of 0.05. The P-
values were less than 0.001, indicating a highly significant relationship between the 
factors and the measured responses. To visually illustrate the significance of these 
findings, Pareto charts were constructed for each analysis, as depicted in Fig. 4 - 7 
respectively. In each Pareto chart, all bars exceeded the critical reference line of the F-
value statistic at a 95% confidence level. 

This reinforces the statistical significance of the main effect terms and interaction terms 
of the multi-responses in relation to the investigated factors. The Pareto charts provide a 
clear visualization of the relative magnitudes of the effects, indicating which factors have 
the most substantial impact on the weight loss and the various Ra-values. These findings 
reinforce the importance of considering and controlling these factors to optimize the 
lapping process and achieve the desired surface quality of the brass C3604 specimens.  

Table 2: The statistical analysis results of weight loss 

Source DF SS MS F-value P-value 

Model 35 1.24900 0.035686 49287.65 < 0.001 

Linear 11 0.64820 0.058927 81387.94 < 0.001 

Alumina Powder (µm) 3 0.05833 0.019445 26856.65 < 0.001 

Lapping Time (min) 8 0.58986 0.073733 101837.18 < 0.001 

2-Way Interactions 24 0.60080 0.025033 34575.01 < 0.001 

Alumina Powder (µm) *Lapping Time (min) 24 0.60080 0.025033 34575.01 < 0.001 

Error 144 0.00010 0.000001   

Total 179 1.24910    
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Table 3: The statistical analysis results of the Ra-value on x-axial 

Source DF SS MS F-value P-value 

Model 35 2.6435 0.075530 8.72 < 0.001 

Linear 11 0.8962 0.081475 9.41 < 0.001 

Alumina Powder (µm) 3 0.6582 0.219397 25.33 < 0.001 

Lapping Time (min) 8 0.2380 0.029754 3.44 < 0.001 

2-Way Interactions 24 1.7473 0.072805 8.41 < 0.001 

Alumina Powder (µm) *Lapping Time (min) 24 1.7473 0.072805 8.41 < 0.001 

Error 144 1.2471 0.008660   

Total 179 3.8906    

Table 4: The statistical analysis results of the Ra-value on y-axial 

Source DF SS MS F-value P-value 

Model 35 5.5378 0.15822 15.49 < 0.001 

Linear 11 2.1263 0.19330 18.93 < 0.001 

Alumina Powder (µm) 3 0.5313 0.17709 17.34 < 0.001 

Lapping Time (min) 8 1.5950 0.19938 19.52 < 0.001 

2-Way Interactions 24 3.4114 0.14214 13.92 < 0.001 

Alumina Powder (µm) *Lapping Time (min) 24 3.4114 0.14214 13.92 < 0.001 

Error 144 1.4707 0.01021   

Total 179 7.0084    

Table 5: The statistical analysis results of the Ra-value on cross-axial 

Source DF SS MS F-value P-value 

Model 35 1.9764 0.05647 5.29 < 0.001 

Linear 11 0.6642 0.06038 5.66 < 0.001 

Alumina Powder (µm) 3 0.1714 0.05712 5.35 < 0.001 

Lapping Time (min) 8 0.4929 0.06161 5.77 < 0.001 

2-Way Interactions 24 1.3122 0.05467 5.12 < 0.001 

Alumina Powder (µm) *Lapping Time (min) 24 1.3122 0.05467 5.12 < 0.001 

Error 144 1.5370 0.01067   

Total 179 3.5133    

The template is designed when validating experimental results, it is important to assess 
the form of residuals obtained from the experimental data. The residuals should adhere 
to the principles of residual values, including having a normal distribution, as observed in 
the versus fits graph. This allows for checking the variance of the error values. In order 
for the data to be considered good, the variance of the error values should be consistent 
when examining the versus order graph. Consistent variance indicates that the errors 
have a stable and predictable pattern, independent of the order in which the data points 
are collected. This consistency is crucial for ensuring the accuracy and reliability of the 
data. By evaluating the conformity of the residuals and ensuring normal distribution and 
consistent variance, researchers can establish the validity and reliability of the 
experimental data. These assessments help to verify the quality of the experimental 
design and analysis, and contribute to the overall trustworthiness of the research findings. 
The good data information must have characteristics of good control charts as shown in 
Fig. 8 - 11 respectively. By analyzing control charts, one can identify patterns, trends, or 
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shifts in the process that may impact the quality or consistency of the data. Control charts 
serve as a tool for quality control and process improvement, enabling organizations to 
detect and address issues, maintain process stability, and ensure the reliability and 
accuracy of experimental results. 

 

 



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/ 
Journal of Tianjin University Science and Technology 
ISSN (Online):0493-2137 
E-Publication: Online Open Access 
Vol: 57 Issue: 04:2024 
DOI: 10.5281/zenodo.11059414 

 

April 2024 | 494 

 

The main effect plot for multiple responses, including weight loss, Ra-values on the x-
axial, y-axial, and cross-axial Fig. 12 - 15 reveals an interesting finding. The graph-line 
representing the trend of alumina powder does not run parallel to the reference line on 
the horizontal axial. This indicates that the multi-responses of brass C3604 in the lapping 
process are significantly influenced by two parameters: alumina powder and lapping time. 
These effects have been established with a statistical confidence level of 95%. 
Furthermore, the interaction plot of the multiple responses Fig. 16 - 19 demonstrates an 
intriguing pattern. All the graph-lines display a shapeless form, suggesting that there is 
mutual interaction between the two parameters, alumina powder and lapping time, in 
affecting the multiple responses of brass C3604 during the lapping process. This finding 
is statistically significant at a confidence level of 95% By examining these main effect 
plots, we can determine the direction and magnitude of the effects of alumina powder size 
and lapping time on each response variable. This information is crucial in understanding 
the factors that contribute to the surface quality and weight loss of brass C3604 during 
the lapping process.  

     

      Fig 12: Main effects plot of weight loss        Fig 16: Interaction plot of weight loss 
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Fig 13: Main effects plot of Ra x-axial          Fig 17: Interaction plot of Ra x-axial 

  

      Fig 14: Main effects plot of Ra y-axial           Fig 18: Interaction plot of Ra y-axial 

     

Fig 15: Main effects plot of Ra cross-axial      Fig 19:  Main effects plot of Ra cross-axial 
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Fig 20: Response Optimization 
 
4. CONCLUSION 

This research stands out due to its distinctive amalgamation of factors, its direct 
applicability to industrial processes, and its tailored recommendations for achieving the 
highest surface quality for C3604 brass material. The insights gleaned from this study not 
only augment the current knowledge base but also hold substantial value for industries, 
researchers, and practitioners aiming to enhance surface quality in material processing. 
This comprehensive investigation into surface lapping's engineering facets is primarily 
centered around conducting rigorous statistical hardness analyses via (ANOVA). The 
lapping process is widely acknowledged for its precision in machining, delivering 
exceptional flatness and surface finish. While it has limitations, continuous advancements 
in material engineering and technology are addressing these challenges, augmenting the 
efficiency and effectiveness of lapping. These advancements significantly enhance the 
quality and performance of lapped components, rendering it an invaluable technique 
across diverse industries. Optimizing two key parameters, alumina powder size, and 
lapping duration, significantly reduced multi-response factors (weight loss, Ra-values on 
x, y, and cross-axial) for brass C3604 during the lapping process. This optimization, 
achieved at a 95% statistical confidence level, utilized a 0.30 µm alumina powder size 
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and a 210minute lapping time, effectively mitigating adverse effects and enhancing 
desired outcomes. Statistical analyses indicated an impressive overall satisfaction value 
(Desirability: D) of 83.80%, showcasing high contentment with the results. This 
satisfaction value encompasses four sub-analyses: Weight Loss: Achieving a satisfaction 
value of 84.80% indicated favorable outcomes with minimal weight loss 0.0730 µm. Ra-
value on x-axial: With a satisfaction value of 84.85%, notable improvement was observed 
in lowering the Ra-value on the x-axial 0.1198 µm. Ra-value on y-axial: Marking a 
satisfaction value of 79.41%, significant progress was made in reducing the Ra-value on 
the y-axial 0.1834 µm. Ra-value on cross-axial: Attaining a satisfaction value of 86.31% 
showcased positive results in minimizing the Ra-value on the cross-axis 0.1838 µm. 
These satisfaction values, graphically represented in Fig. 20 visually illustrate the 
successful optimization of the lapping process for brass C3604, effectively addressing 
multiple response variables. 
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