AN AILN AT UAAUATUED IV T HINIULUINITIARDUNKUUUSUAMUANV LoD AludR
Development of a Subsoiler with Two Tandem Shanks Arranged for

Directional Movement and Automated Depth Adjustment
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ABSTRACT

Subsoiling is essential for farmers to rectify soil compaction that reduces crop yields,
but it requires high drawbar pull, often exceeding the capabilities of farmers' tractors and
increasing costs. This study aimed to develop a tandem-type subsoiler with a front shank
equipped with automatic depth adjustment to minimize drawbar pull during subsoiling
operations. The front subsoiler shank (FSS) can autonomously adjust its depth, controlled by
an automatic depth control system utilizing an Arduino UNO microcontroller. Moreover, the
distance between the FSS and the rear subsoiler shank (RSS) is adjustable. Field tests were
conducted in Kamphaeng Saen, Nakhon Pathom, where the soil exhibited a moisture content
of 5.4+1.92%, a bulk density of 1.5+0.14 g/cmB, and a soil penetration resistance ranging from
0 to 50 cm depth, with an average of 1.88+0.41 MPa. Four key factors were considered
during testing: 1) type of FSS point (winged point and fin point), 2) Motor systems for
adjusting the depth of the front subsoiler shank (fixed displacement control system and
immediate response system), 3) Motor sensitivity (10, 20 and 30%), and 4) Distance between
the FSS and RSS (40, 50 and 60 cm). The subsoiling depth during the test was 50 cm. Results
demonstrated that the control system facilitated automatic up and down movement of the FSS
to determine the optimal drawbar pull. Specifically, the FSS equipped with a fin point
exhibited significantly lower drawbar pull compared to the winged point, with values of
14.84+3.30 kN and 17.66+2.87 kN, respectively. Additionally, a distance of 40 cm between
the FSS and RSS resulted in the least drawbar pull of 14.42+3.00 kN. Notably, the tandem-type
subsoiler with automatic depth adjustment chieved the lowest drawbar pull of 12.65+1.33 kN,
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representing a reduction of over 10%
compared to a conventional single shank
subsoiler, which exhibited a drawbar pull of
14.00+2.01 kN under similar test conditions.
Motor systems for adjusting the depth of the
front subsoiler shank and sensitivity did not
significantly affected drawbar pull. Research
results indicate that using a subsoiler with
two tandem shanks, where the front shank
automatically adjusts its depth, allows farmers
to perform subsoiling more efficiently, resulting

in better crop yields and reduced costs.

Keywords: tandem-type subsoiler; automatic
depth control; soil compaction; precision
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Converter step up
12 Vdc to 48 Vdc

ACS5712-20A

LM2596 step down
12 Vdc to 8 Vdc

Pin transducer VPG 5117

Servo driver

Stepper motor

Micro controller UNO R3

Connect to a computer to record data.

5

Figure 2 Devices and wiring diagram of automatic depth control system
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Figure 3 Flow chart of automatic depth

control system
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Figure 4 Automatic depth adjusting subsoiler

in field testing
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Table 1 Test results in a sugarcane field

Factors Drawbar pull (kN) (Average+SD)
System Distance Sensitivity Winged point Fin point
10 14.41+0.72 a 10.67+2.88 a
40 20 19.09+1.47 b 13.21+4.46 a
30 16.89+0.39 ab 13.61+1.20 a
Fixed 10 19.27+0.78 b 13.76+£0.05 a
displacement 50 20 21.95+3.54 b 15.79+£1.02 a
control 30 19.74+3.92 b 15.05+3.40 a
10 18.36+2.11 ab 16.72+1.57 ab
60 20 17.52+3.15 ab 16.45+2.24 ab
30 17.55+1.02 ab 15.66+5.77 ab
10 15.20+£1.92 a 11.45+2.74 a
40 20 16.43+1.62 a 14.15+1.00 a
30 15.10+1.46 a 12.80+3.65 a
10 18.06+2.91 ab 14.27+2.72 ab
mmediate 50 20 18.92+5.24 ab 16.96+2.91 ab
e 30 18.39+1.23 ab 14.52+3.69 ab
10 19.78+1.22 ab 16.37+2.65 ab
60 20 17.80+2.07 ab 18.22+3.01 ab
30 17.30+0.40 ab 17.46+5.50 ab

Means in the same column followed by a common letter are not significantly different at the 5 % level by DMRT

Drawbar pull (kN)
0 o S O

(@)

Distance between FSS and RSS (cm)

B Winged

# Fin

Figure 7 Drawbar pull under different shank point types and distances between

FSS and RSS
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Table 2 The statistical analysis of the factors affecting drawbar pull

Factors Drawbar pull (kN) (Average+SD)
Point Winged 17.66+£2.87 b
Fin 14.84+3.30 a
Systems Fixed displacement control 16.22+£3.56 a
Immediate response 16.28+3.23 a
Sensitives 10% 15.69+3.33 a
20% 16.89+3.50 a
30% 16.16+3.32 a
Distance 40 cm 14.42+3.00 a
between 50 cm 17.21£3.52 b
FSS and RSS 60 cm 17.11£292 b

FSS: Front subsoiler shank, RSS: Rear subsoiler shank

Means in the same column followed by a common letter are not significantly different at the 5 % level by DMRT
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Drawbar pull (kN)
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—— Conventional subsoiler
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Time (s)

—— Automatic depth adjusting subsoiler

Figure 8 Drawbar pull between conventional subsoiler and developed automatic depth

adjusting subsoiler
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