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Abstract: Several studies highlighted that the surface shape modifications which are inspired by the soil-burrowing animals
have positively impacted the soil-tool adhesion; however, it is still unclear what the optimum dimensions of the domed surface
are for minimizing soil-tool adhesion. In this study, twenty-seven domed discs were created according to Taguchi orthogonal
array L27(3°) to determine the optimum dimensions of the domed surface that minimize normal adhesion force and disc sinkage
simultaneously, as well as comparing the effect of the optimized domed disc versus the flat disc on the normal adhesion force
under different soil conditions. The results revealed that disc coverage ratio and dome height to diameter ratio are essential to
design parameters that influence the normal adhesion force of discs.  According to the signal-to-noise ratio analysis, it was
observed that the combination of 60% disc coverage ratio, 25% dome height to diameter ratio, and 10 mm dome base diameter
was found to be the most appropriate for the well-balanced improvement of both normal adhesion force and disc sinkage

simultaneously. In all treatments, the optimized domed disc produced less normal adhesion force than the flat disc (about

7%-18%, according to soil condition).
normal adhesion force when compared to flat surfaces.

It can be concluded that properly designed domed surfaces can significantly reduce the
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1 Introduction

Farmers and agronomists are always looking for ways to
improve the their
Agricultural systems generate and consume energy; therefore, the
desired agricultural activity must reduce energy consumptiont"?.
During the rice-planting season, the moisture content of the paddy

efficiency of agricultural  operations.

soil reaches a relatively high value, which explains why the paddy
soils have a significant adhesion force and exceptional rheological
propertiest® ™,
the vertical stress-strain relationship, are critical for understanding

the soil-tool interaction!®.

The rheological properties of the soil, particularly

Force requirements of agricultural operations (draft forces and
normal forces) are related to the machine geometry, soil
characteristics, and operating parameters'”. Estimating the force

requirements for agricultural machinery operation while taking
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different soil conditions into account is therefore critical for
optimizing tool design®™. Internal friction, cohesion, and adhesion
are the three most important soil characteristics in determining the
operating requirements of agricultural machinery. The term of
soil adhesion refers to the force of attraction between soil particles
and the surface contacting the soil caused by surface tension and

viscosity of the thin interfacial water film!®.

Based on various
theories previously proposed'”; classified the adhesion forces at
soil-tool interface into tangential adhesion force and normal
adhesion force. The soil-tool adhesion had caused a significant
negative impact on the germination rate!'', increased energy
consumption of tillage equipment by 30%-50%!"%, decreased the

efficiency of the working componentsm]

, and reduced the working
productivity of loading and excavating machines by approximately
30%!.

Over the last decades, researchers have focused on improving
the performance of soil-engaging components in order to increase
the efficiency of agricultural operations while reducing energy
They mentioned that several methodologies had

significantly reduced soil-tool adhesion, such as modifying the
[15,16]

consumption.

surface geometry of soil-touching components

surface of soil-touching components with polymeric materials

and ultrasonic vibration''®],

[19]

, coating the
[7.17]

employing mechanical utilizing
electro-osmotic phenomenon
soil-touching components with liquid substances

Since the late twentieth century, surface shape modification

has been widely recognized and documented as one of the most

, and lubricating the surface of
[9]
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effective methods among the aforementioned approaches. Many
factors influence soil adhesion to domed bulldozer blades™”,
including dome density, dome base diameter, dome distribution
pattern, and dome height. Attaching ultra-high molecular weight
polyethylene (UHMW-PE) domes to a mouldboard plough reduced
ploughing resistance in sticky soil by 18% to 36%, depending on
operating conditions and dome dimensions!'”. The impact of
installing concave and convex units to a disc plough was studied by
Benard et al.?"
height, a coverage ratio of 30%, and a base diameter of 20 mm)
were more effective in reducing ploughing resistance by 19% at a
forward speed of 4.4 km/h.

Soil adhesion to machine parts is a major issue, particularly in
Soni and Salokhe® concluded
that properly designed domed surfaces can reduce the soil-tool
adhesion; however, determining the optimal dimensions of the
domed surface require far more attention. As a result, additional

, and they concluded that the convex units (3 mm in

moist and sticky soils Figure 1.

experimental studies in this area are required. The purpose of this
paper was to look at the impacts of specific geometric dimensions
of domed surfaces (disc coverage ratio, dome height-to-diameter
ratio, and dome base diameter) on normal adhesion force and disc
sinkage. Moreover, the normal adhesion force of the optimized
domed disc was compared to that of the flat disc under various soil
conditions.

2 Materials and methods

The laboratory experiments were conducted in the soil
mechanic laboratories of Huazhong Agricultural University. Disc

coverage ratio (CR) (i.e., the ratio of the base area occupied by the
domes to the total area of test disc), dome height to diameter ratio
(HDR) and dome base diameter (DBD) were selected as control
parameters, each with three levels. Table 1 shows the levels of
control parameters that were chosen based on the findings of
previous studies on the effect of surface shape modifications on

soil-tool adhesion!%3.

Table 1 Selected values of control parameter levels

Level
Parameters Symbol
1 2 3
Disc Coverage ratio CR/% A 45 60 75
Dome height to diameter ratio HDR/% B 12.5 25.0 37.5
Dome base diameter DBD/mm C 10 20 30

2.1 Soil preparation

A fertile top layer of soil (0-30 cm) was collected
independently from two different sites in Hubei Province, China: a
paddy field at Huazhong Agricultural University (30°2826"N,
114°20'49"E) and a wheat field in Jingmen (30°52'18"N,
112°10'14"E).  Soil samples were air-dried for about two weeks
before being hammered and passed through a 2 mm mesh sieve, as
shown in Figure 2. The amount of water needed to achieve the
desired soil moisture content was calculated and added to the
sieved soil. The soil paste was remolded into a soil-bin of 25 cmx
35 cmx25 cm (heightxlengthxwidth). The upper plastic limit
(liquid limit, LL) and lower plastic limit (plastic limit, PL) were
measured in the soil physics laboratories of Huazhong Agricultural
University according to ASTM D 4318 standard®®", and the results
are listed in Table 2.

Figure 2 Preparation of experimental soil for normal adhesion
force tests

Table 2 Experimental soil characteristics

Soil Particle size distribution/%

Consistency limits/%

Field crop Soil texture Symbol
Sand (>50 um) Silt (2-50 um) Clay (<2 um) Liquid limit Plastic limit
Paddy Silt loam S1 21.65 62.68 15.67 42 20
Wheat Sandy clay loam S2 70.11 2.72 27.17 34 18

2.2 Design of experiments

The present study was conducted in two distinct stages; the
first one aimed to determine the optimal levels of the
aforementioned control parameters to minimize normal adhesion
force and disc sinkage simultaneously. For this purpose, L27(3%)
Taguchi standard orthogonal array was adopted. At this stage, the
silt loam soil (S1) with a moisture content of 37 g/100 g was used.
The second stage involved comparing the effect of the optimized
domed disc (identified in the first stage) versus the flat disc on
normal adhesion force under two different soil textures (silt loam
and sandy clay loam). Each soil texture was tested at three
different soil moisture content levels (23%, 30%, and 37%

dry-based). The geometrical dimensions of the dome were

calculated using the equations listed below:
The oblate spheroid (dome) has a surface area (Sa) and volume
(V) defined as

2 -1
Sa = l{anz(l ,Adze)xtanh e "’)} (1)
2 e
2nb’c
V= 2
3 2
where, ez=1—(c2/b2); b is the dome base radius, mm; c¢ is the dome

height, mm.
Table 3 lists the geometrical details of various combinations of
control parameter levels.



January, 2022  Salem A E, etal. Optimizing the adhesion of soil-touching parts based on biomimetic concepts using the Taguchi method ~ Vol. 15No.l 149

Table 3 Geometrical specifications of test discs

Disc No. CR/% n b/mm c¢/mm L/mm Sa/mm> V/mm?> V,/mm3
1 45 ~45 5 1.25 13.0 89 65 2925
2 45 =11 10 2.50 26.0 356 524 5764
3 45 =5 15 3.75 39.0 801 1767 8835
4 45 ~45 5 2.50 13.0 108 131 5895
5 45 =11 10 5.00 26.0 434 1047 11517
6 45 =5 15 7.50 39.0 976 3534 17 670
7 45 ~45 5 3.75 13.0 132 196 8820
8 45 =11 10 7.50 26.0 526 1571 17 281
9 45 =5 15 11.25 39.0 1185 5301 26 505
10 60 ~60 5 1.25 11.5 89 65 3900
11 60 =15 10 2.50 23.0 356 524 7860
12 60 =7 15 3.75 34.5 801 1767 12 369
13 60 ~60 5 2.50 11.5 108 131 7860
14 60 =15 10 5.00 23.0 434 1047 15705
15 60 ~7 15 7.50 34.5 976 3534 24 738
16 60 ~60 5 3.75 11.5 132 196 11 760
17 60 =15 10 7.50 23.0 526 1571 23 565
18 60 ~7 15 11.25 345 1185 5301 37107
19 75 =75 5 1.25 10.2 89 65 4875
20 75 ~19 10 2.50 20.4 356 524 9956
21 75 =8 15 3.75 30.6 801 1767 14 136
22 75 ~75 5 2.50 10.2 108 131 9825
23 75 ~19 10 5.00 20.4 434 1047 19 893
24 75 ~8 15 7.50 30.6 976 3534 28 272
25 75 =75 5 3.75 10.2 132 196 14 700
26 75 ~19 10 7.50 20.4 526 1571 29 849
27 75 ~8 15 11.25 30.6 1185 5301 42 408

Note: CR: Coverage ratio of the disc; n: Number of the domes required to meet a coverage ratio of that disc; 5: Dome base radius; ¢: dome height; L: Dome to dome and
row to row spacing; Sa: Surface area of the oblate spheroid dome, V: Volume of the oblate spheroid dome, V;: Total volume of domes of that disc (V,;=n" V).

2.3 Preparation of the biomimetic discs $20
The structure diagram of a test disc is shown in Figure 3.
According to Taguchi design L27(3%), Twenty-seven domed

circular discs of 100 mm in diameter (78.54 cm? in area) were &

created, as shown in Figure 4. The design of discs was inspired B 45°
by the micro-convex structure of the dung beetle head (as shown in 7 v/ )( N
Figure 5). The discs were made of Acrylonitrile butadiene styrene g

(ABS), a material commonly used in 3D printing technology. g A S A b :/ L\S’/ ¥‘
Discs were equipped with hexagonal bolts for easy fastening and % :I o0

-

unfastening. Circular nuts were also added to ensure that the e
bolt‘s axis would remain perpendicular to the soil-tool interface.

Figure 3  Structure diagram of the disc (mm)

Figure 4 Different combinations of control parameter levels according to the experimental design of Taguchi orthogonal array L27(3%) and
the control
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Figure 5 Enlarged image of the dung beetle head as biomimetic
structural element?!

Figure 6 Measurement of the normal adhesion force and disc sinkage using a TMS-PRO texture analyzer
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2.4 Normal adhesion force and disc sinkage measurements

For the tests, a TMS-PRO texture analyzer (food technology
corporation of the United States) with a 1000 N load cell, 0.1 N
accuracy, and a speed range of 0.1-500.0 mm/min was used, as
shown in Figure 6. On each trial, the test disc was pressed
normally into the soil at a constant speed of 10 mm/min until the
soil penetration resistance reached 40 N, as shown in Figure 7a,
and the sinkage of each test disc (from the soil surface till the soil
penetration resistance reached 40 N) was measured. Following
60 s of stability, the test disc was lifted at a constant speed of
500 mm/min, and the maximum force required to separate the disc
was measured, as shown in Figure 7b. Each trial was replicated
three times.
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b. Normal adhesion force for disc No. 5 (Fa=28.6 N)

Figure 7 Process of measuring disc sinkage and normal adhesion force

2.5 Statistical analysis

In this experiment, the Taguchi method is used to determine
the optimal levels of control parameters that minimize normal
adhesion force and disc sinkage. According to Genichi Taguchi,
the (S/N) ratio can be used as a statistical indicator of a quantitative
analysis tool to determine the optimum levels of control

[25]

parameters The S/N ratio for the “lower is better” approach

was adopted and calculated using Equation (3) because the lower

the normal adhesion force and disc sinkage values, the better!®!.

S/N=—1010g[l 7_1yl-2} 3)
L

where, n is the number of all trials; y; is the measured data of the
trial number i-th.

The contributions ratio of disc coverage ratio (A), dome height
to diameter ratio (B), and dome base diameter (C) on normal
adhesion force and disc sinkage was determined using analysis of
variance (ANOVA) with a 5% significance level.
were analyzed using Minitab software. Paired samples #-test was
used to validate the significance of the differences between the
optimized domed disc and the flat disc under different soil
conditions. Equation (4) was used to calculate the improvement

The results

ratio:

Py = 35 =E3 600, @)
Fap

where, IMPV is the percentage of improvement in normal adhesion
force; Far and Fag are the mean normal adhesion force of the flat
disc and the optimum domed disc, respectively.

3 Results and discussion

Table 4 displays the measured values of normal adhesion force
and disc sinkage for all possible combinations of control parameter
levels. The minimum normal adhesion force (28.6 N) was
obtained with a disc coverage ratio of 45.0%, a dome height to
diameter ratio of 25.0%, and a dome base diameter of 20 mm (Disc
No. 5), whereas the minimum sinkage of the test discs (8.32 mm)
was obtained with a disc coverage ratio of 75.0%, a dome height to
diameter ratio of 12.5%, and a dome base diameter of 10 mm (Disc
No. 19). It was observed that disc number 13, i.e., with a disc
coverage ratio of 60%, dome height to diameter ratio of 25% and
dome base diameter of 10 mm, was the most appropriate for the
well-balanced improvement of normal adhesion force (31.4 N) and
sinkage (9.08 mm) simultaneously.
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Table 4 Measured values of normal adhesion force and disc
sinkage and S/N ratios calculated values

?\;C Fa/N S/fl(\)lrr;;io Control A% U/mm S/grrez;io
1 354 -31.0 37.3 =5.1 10.34 -20.3
2 34.6 -30.8 37.3 -7.2 12.50 -21.9
3 36.1 -31.2 37.3 -3.2 13.61 =227
4 29.8 -29.5 373 —20.1 10.59 -20.5
5 28.6 -29.1 373 -233 11.66 -21.3
6 32.0 -30.1 37.3 -14.2 14.37 -23.1
7 35.2 -30.9 37.3 -5.6 13.61 -22.8
8 34.4 -30.7 373 -7.8 14.12 -23.0
9 37.8 -31.5 373 1.3 15.17 -23.6
10 38.1 -31.6 37.3 2.1 9.98 -20.0
11 383 -31.7 37.3 2.7 10.72 -20.6
12 373 -31.4 373 0 12.48 -21.9
13 31.4 -29.9 373 -15.8 9.08 -19.2
14 34.7 -30.8 37.3 -6.9 11.72 -21.4
15 33.6 -30.5 37.3 -9.9 12.60 -22.0
16 36.4 -31.2 373 2.4 11.20 -21.0
17 36.2 -31.2 373 -29 14.37 -23.1
18 354 -31.0 37.3 =5.1 14.88 -23.5
19 39.7 -32.0 37.3 6.4 8.32 -18.4
20 373 -31.4 373 0 9.45 -19.5
21 39.9 -32.0 37.3 6.9 10.80 -20.7
22 36.1 -31.6 37.3 -3.2 8.59 -18.7
23 34.1 -30.7 373 -8.5 10.97 -20.8
24 35.7 =31.1 37.3 —4.2 12.11 -21.7
25 389 -31.8 373 43 9.83 -19.9
26 37.0 -31.4 373 0.1 13.01 -223
27 40.1 -32.1 37.3 7.5 12.86 -222

Note: Fa is the normal adhesion force of test discs; S/N is the signal to noise
ratio response values; U is the subsidence of test discs; 4 refers to changes in the
normal adhesion force of biomimetic disc with respect to flat disc in the same
soil conditions, the negative values of 4 indicate an improvement.

=300
=303
=30.6

=309 F

Mean of SN ratios

=312

=31.5¢F

3.1 Analysis of the signal-to-noise (S/N) ratio

The signal-to-noise ratio response values for each level of the
control parameters are displayed graphically in Figure 8. The best
level for each control parameter was defined by the highest S/N
ratio among the levels of that parameter.

According to Figure 8a, the combination of control parameter
levels resulting in the minimum normal adhesion force was
A1B2C2, i.e., disc coverage ratio (level 1, S/N=-30.54), dome
height to diameter ratio (level 2, S/N=-30.32), and dome base
diameter (level 2, S/N=-30.86) based on factor level and S/N ratio.
The lowest disc coverage ratio (45%) produced the highest S/N
ratio (—30.54), indicating that the normal adhesion force increased
as the coverage ratio increased above 45 percent. These findings
support the biomimetic theory, as the dung beetle head has the
same coverage ratio (about 45%)?!).  Similarly, the combination
of control parameter levels giving the minimum disc sinkage was
identified as A3BI1Cl1 i.e., disc coverage ratio (level 3, S/N=
—20.39), dome height to diameter ratio (level 1, S/N=-20.45), and
dome base diameter (level 1, S/N=-19.91). The differences in
disc sinkage may be due to differences in dome convexity, which
affects the disc’s ability to penetrate the soil. From the above, we
may deduce that the degree of dome oblateness (HDR) and the disc
coverage ratio are important factors that affect the normal adhesion
force and sinkage of test discs.

3.2 ANOVA Analysis

ANOVA is a statistical technique for determining the
individual contributions of each control parameter in an
experimental design. ANOVA was used in this study at a 95%
confidence level to determine the effect of the aforementioned
control parameters on normal adhesion force and disc sinkage.
Table 5 lists the ANOVA results. It can be seen that the dome
height to diameter ratio had the greatest influence (50.2%) on the
normal adhesion force of domed discs. As such, the dome height
to diameter ratio is an exceptional parameter whose significance
stems from the fact that it accommodates both the vertical and
lateral dimensions of the dome, affecting the soil-disc contact area
directly. Disc coverage ratio also showed a significant
contribution (by 31.2%) on normal adhesion force.

/\

45 60 75 12.5
Level of CR/%

25.0 375 10 20 30
Level of HDR/%%

Level of DBD/%

a. Normal adhesion force

=20.0 ¢

-20.5F

-21.0

=21.5F

Mean of SN ratios

=220

~22.5

45 60 ] 12.5
Level of CR/%%

1 A L
25.0 375 10 20 30
Level of HDR/%%

Level of DBD/%%

b. Disc sinkage
Figure 8 Effects of parameters levels on average S/N ratio for normal adhesion force and disc sinkage
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Table 5 Results of ANOVA for normal adhesion force and disc sinkage
Variance source DF Sum of squares Mean square F-value p-value Contribution/%
CR 2 67.7 339 57.29 <0.001 31.2
HDR 2 108.8 54.5 92.13 <0.001 50.2
DBD 2 9.0 4.4 7.52 0.008 4.1
. CR*HDR 4 8.8 2.2 3.69 0.035 4.1
Normal adhesion force (Fa)
CR*DBD 4 15.5 39 6.57 0.005 72
HDR *DBD| , 4 1.97
12 . . .
Error } 8} 5.01}6 % 0-58 32
Total 26 216.8 100
CR 224 11.19 32.38 <0.001 224
HDR 27.7 13.86 40.11 <0.001 27.8
DBD 423 212 61.28 0.008 42.5
3
Test disc sinkage (U) HDR*DBD 1.8 0.42 1.21 0.345 1.7
CR *HDR 4 1.2
CR*DBD ;e* 4:16 1.1:5.5 0.35 5.6
Error 8 32
Total 99.7 100
The percentage contributions of the disc coverage ratio, Fa/N Ulmm
. . . . 32 32-34 M 34-36 M <10 10-12
dome height to diameter ratio, and dome base diameter on the O ;6_38 = 238 = fz_] i = ~14

sinkage of discs were found to be 22.4%, 27.8%, and 42.5%,
Thus, the diameter of the dome base had the
greatest impact on disc sinkage.
contribution values must be less than 20%1?’).  Thereby, the

respectively.
To obtain reliable results, error

error contributions for normal adhesion force (3.2%) and disc
Since the
mean square of HDR*DBD was less than the mean square of

sinkage (5.6%) were both within the acceptable range.

error in the variance analysis of normal adhesion force,
HDR*DBD was included in the error term, and the corrected
error ¢ was obtained.
3.3 Evaluation of experimental results

The relationships between control parameters and measured
values of normal adhesion force and sinkage of domed discs were
displayed graphically using the contour plot in two dimensions in
Figure 9. As observed, at the same dome base diameter, as the
coverage ratio increased, test disc sinkage decreased owing to the
This can be explained by
Archimedes' principle, where the upward reaction force that is

increased total volume of domes.

exerted on the disc is directly proportional to the weight of the soil
particles that the disc displaces.

At all levels of disc height to diameter ratio, the normal
adhesion force increased as the disc coverage ratio increased,

possibly because the contact area at the soil-disc interface increased.

At all levels of dome coverage ratio and dome base diameter, it was
seen that at low dome surface area (HDR=12.5%), the normal
adhesion force was comparatively high, most probably because of
the low convexity of domes, thereby its inability to break the
continuity of interfacial water film. As the dome's convexity
increased to HDR=25%, the normal adhesion force decreased; this
reduction of soil-disc adhesion may be attributed to the impact of
the gas layer formed on the surface of the concave areas between
adjacent domes®®.  With increased dome surface area even
further (HDR>25%), the soil-disc adhesion increased once more,
most likely due to increased total volume of domes, which
increased the attached area of the water film. These results are
consistent with that of Benard et al.*"?
an HDR<25% resulted in a significant reduction in normal

, who found that a dome with

adhesion force in sticky soil.

CR/%

15 20 2 30 35 15
HDR/%

DBD/%

15 20 25 30 35 15 20 25 30 35

HDR/% HDR/%

DBD/%

75 45 50 55

45 50 55 60 65 70
CR/M%
a. normal adhesion force

60 65
CR/%

b. Disc sinkage
Figure 9 Influences of parameters levels on normal adhesion
force and disc sinkage

70 75

3.4 Effect of certain soil conditions on normal adhesion force

Figure 10 shows the average values of normal adhesion force
of flat disc (control) versus optimized domed disc (Disc No. 13) in
two different soil textures: silty loam (S1) and sandy clay loam (S2)
at three different moisture content levels: 23%, 30%, and 37%.

In all treatments, the optimized domed disc provided a lower
normal adhesion force than the flat disc (about 7% to 18%,
depending on soil condition), which is consistent with previous
research on the impact of surface shape modifications on soil-tool
adhesion!™**”).  This reduction may be attributed to air retention in
the concave areas between adjacent domes, which creates a gas
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isolation layer that reduces soil-disc adhesion®®. A summary of

the statistical analysis is provided in Table 6. According to the
paired samples 7-test, the normal adhesion force between the flat
disc and the optimized domed disc was significantly different
(p<0.05) in all treatments.

S0rp

@ Flat
451 _i_ & Biomimetic

-

Mean normal adhesion force/%
[ ]
Ln
-

23-581 30-81 37-81 23-582 30-52
Treatments (Moisture content, %-Soil texture)

37-52
Figure 10 Mean normal adhesion force comparison between flat
and biomimetic disc in all treatments

Table 6 Statistical analysis on normal adhesion force of flat
disc against optimized biomimetic disc

Test condition Disc type Mean Fa/N  Std. dev p value IMPV/%
Flat 31.8 0.45 0.001 7.23
23% MC, S1
Biomimetic 29.5 0.40
Flat 45.6 0.92 0.006 14.70
30% MC, S1
Biomimetic 38.9 0.55
Flat 37.3 0.85 0.011 17.40
37% MC, S1
Biomimetic 30.8 1.20
Flat 23.7 0.35 0.014 12.20
23% MC, S2
Biomimetic 20.8 0.25
Flat 32.1 0.79 0.044 11.50
30% MC, S2
Biomimetic 28.7 1.20
Flat 22.0 0.15 0.002 6.80
37% MC, S2
Biomimetic 20.5 0.25

Srivastava et al.l”) stated that soil-tool adhesion is caused by
the surface tension and viscosity of the interfacial water film,
which is dependent on soil moisture content. ~As shown in Figure
10, the measured normal adhesion force is relatively low around
the plastic limit of soil. The normal adhesion force increased as
the soil moisture content increased within the plastic range; but, as
the soil moisture content approached the liquid limit of soil, the
normal adhesion force decreased again. These results are similar
to the results obtained by Tong et al.'® The soil fine particles
content (clay and fine silt) has a significant effect on soil adhesive
characteristics by virtue of the large surface area and chemical

bonds of clay minerals®”!

, which may explain the relatively high
normal adhesion force of silty loam soil (S1), compared to sandy
clay loam soil (S2). Hence, it can be inferred that the soil
moisture content and soil texture are essential parameters that

influence the normal adhesion force.
4 Conclusions

In this study, Taguchi orthogonal array L27(3%) was used to
determine the optimum dimensions of the domed surface that
minimize normal adhesion force and disc sinkage simultaneously.

1) According to the analysis of variance (ANOVA), the

dominant factor affecting the normal adhesion force of domed discs
was the dome height to diameter ratio, which contributed 50.2%,
while the dominant factor influencing disc sinkage was dome base
diameter which contributed 42.5%.

2) It was observed that disc number 13, i.e., disc coverage ratio
of 60%, dome height to diameter ratio of 25% and dome base
diameter of 10 mm, was the most appropriate for the well-balanced
improvement of normal adhesion force (31.4 N) and sinkage
(9.08 mm) simultaneously.

3) The optimized domed disc provided a lower normal
adhesion force than the flat disc in all treatments (about 7% to 18%,
depending on soil condition)

The results of this research can be used to promote both the
manufacturing of soil-touching parts and academic research.
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