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ABSTRACT

In this study an automatic soil hardness measuring system mountable on agricultural tractors was developed

to improve the accuracy of manual soil hardness testers by a constant penetrating rate, right direction of the

cone-penetrometer and the isolation of vibration from the operator. This was necessary to supply similar

experimental condition for performance test of new model and comparative experiment. The results of the
study are summaried as follows;

1.

The system consisted of a sensing part of soil hardness, a driving part of the measuring system and an
attaching part between the tractor and the measuring system.

. The allowable limit value of the system developed was set to 392N to protect from breaking the serve

motor and the coupling used in this system.

. The driving shaft penetrated into soil by 0.3m to measure soil hardness. The soil hardness was measured

at the depth of 0.3m from the soil surface but the penetrating work was stopped and the driving shaft was
pulled out to protect the system when the value of the soil hardness was too big on foreign substances
like stones or straws.

. Two values measured by automatic measuring system developed in this research and manual penetrometer

were compared by statistics hypothesis testing method. When two people measured the soil hardness at the
depth of 0.1 and 0.15m by manual cone penetrometer, there was no relationship between two values by
two people but the values at the same depths by automatic measuring system developed showed similarity.
The automatic system, therefore, developed in this research was proper for measuring soil hardness.
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Table 1 Hardware components used for the automatic soil hardness measuring system

Components

Specification

Servo Motor

Motor Driver

Motor Interface Board
Load cell

A/D Convertor
Actuator

PC

Inverter

200w, 400W, 100V,

200W, 400W, 100V, 50/60Hz
2 axes control, I/O 8 channels
Limit 100 kgf

Input 1 channel, DO 4 channels
1,600 stroke, 700 stroke
Pentium I

In DC 12V, Out AC 220V
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Fig. 2 A view of sensor part for measur-
ing soil hardness.
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Fig. 3 A view of driving part of the measur-
ing system.
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Fig. 4 A view of Photo of attaching part of
the measuring system.
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Fig. 5 The flow-chart of the system con-
trol for measuring soil hardness.
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Fig. 8 Calibration chart for the load cell.
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Fig. 9 The example of measuring soil
hardness by penetration depth with
automatic device.
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Table 2 The resuit of measuring soil hardness with man-made device (KPa)
(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time
(c) penetration depth 0.15m, 1st time, (d) penetration depth 0.15m, 2nd time

(a)

a b c d e f g h I j k 1 m n 0

1 [193.82(267.90| 50.58) 3.781295.40} 56.45}314.35|118.67)438.81) 27.90| 7540} 66.10| 88.28)183.56| 62.23
368.42| 28.7t| 17.20| 71.43| 42.80] 37.67| 16.36|271.24|176.75| 67.09{ 12.54| 83.05|322.60| 39.70| 31.74
175.43| 84.49| 81.67| 91.88]288.50| 53.94| 13.13] 74.86| 67.76| 82.92| 96.23| 80.68 94.47| 75.74|226.81
319.53|162.11|187.03| 91.67|103.13| 13.13] 73.80| 0.68| 98.49|197.96| 87.37,166.24| 73.451176.81| 78.77
117.64| 53.45| 69.91|103.56|449.83| 160.79| 221.99| 44.33|402.16|192.47] 92.26| 120.02| 87.28| 75.40(214.87
92.65] 4.87]156.21]101.37)241.61|483.41| 3.40| 40.80| 72.10] 95.15|411.52| 97.71|204.82| 39.64; 63.90
146.47| 75.45|362.32|310.80| 77.65| 17.37| 72.09| 43.67|304.40| 111.20|236.89; 99.04| 187.38; 36.89| 193.81

N = SV S N VS B S ]

(b)

a b c d € f g h I j k 1 m n o

1 1194.381261.731 64.17| 14.75]286.73| 98.44|285.77| 126.06] 69.50| 43.54] 86.73| 78.27|417.10| 185.05) 74.75
353.11 44.29| 33.82| 83.12| 57.091293.27| 12.40|264.76 42.12| 79.17| 29.58| 93.68/178.87| 54.27| 47.04
177.66| 94.99| 92.43|101.71]262.27| 104.06| 15.34| 86.24| 67.21{ 93.56| 105.67| 91.53| 79.78| 87.04|224.37
308.66( 165.55(188.21| 101.52| 111.93| 84.95| 85.27| 18.80| 30.12|198.14| 97.61|169.31|107.71] 178.92| 89.79
125.13] 66.77| 81.74|112.32|1427.12} 97.53|219.99| 58.48164.35|193.15| 102.05| 127.29} 383.78| 86.73|213.51
102.41) 13.76|160.19| 110.34| 237.83| 277.11| 21.27| 55.28|421.29/104.68|392.29|107.01| 83.73| 54.22| 76.27
151.34| 86.77|329.38(300.73| 88.77|188.53| 83.72| 55.76| 33.97|119.27|233.53|108.22|294.91| 16.26| 194.37

~N O L R W N

(c)

a b c d e f g h I j k 1 m n o

11243.241250.811 118.22 154.37) 332.81) 222.44) 88.44)221.07|519.89)230.21) 91.27| 87.85|302.07|224.28|237.12
92.27[259.13(229.61| 109.37| 118.37] 242.62| 204.47) 278.09| 246.08| 271.09| 259.15| 444.37| 104.31| 398.79| 317.87
224.70(246.91(237.12| 119.11 272.19| 236.77| 227.65| 409.88| 218.77| 231.00| 204.47| 227.27| 231.55| 90.27|209.07
319.69(214.93|169.07| 114.27| 443.39| 76.63}229.77| 298.21| 240.79| 338.33| 224.21| 231.46| 227.04| 233.28| 99.91
212.69| 88.44|666.27|243.24|128.99/218.92|245.75| 104.21| 88.37(402.22|231.70|454.37|423.78| 117.91| 228.56
97.27]254.01| 116.91| 145.59}271.16| 159.71| 27.59|226.37| 229.61|449.27| 390.44| 280.55| 23.67| 132.27,234.29
238.95| 96.24| 106.05{319.83| 218.37| 159.32/237.61| 253.71| 204.47| 113.89| 214.93/ 230.39| 298.90| 121.74} 218.07

~N o v WN

(d)

a b ¢ d e f g h I j k 1 m n o

1 1248.241255.811123.22} 159.37) 337.81) 227.44) 669.28) 226.07) 524.89) 235.21) 96.27} 92.85)|307.07|229.28}242.12
97.27{264.13|234.61| 114.37] 123.37| 247.62| 209.47| 283.09( 251.08| 276.09| 264.15| 449.37| 109.311403.79| 322.87
229.70|251.91|242.12| 124.11| 277.19| 241.77| 232.65| 414.88| 223.77| 236.00| 209.47| 232.27( 236.55| 95.27|214.07
324.69(219.93| 174.07| 119.27| 448.39| 81.63|234.77|303.21|245.79| 343.33} 229.21| 236.46| 232.04| 238.28| 104.91
217.69| 93.44|671.27|248.24|133.99|223.92| 250.75{ 109.21| 93.37]|407.22| 236.70|459.37| 428.78| 122.91| 233.56
102.27)259.01} 121.91| 150.59| 276.16| 164.71] 32.59|231.37|234.61|454.27| 395.44| 285.55] 28.67| 137.27|239.29
J243.9£01.24 111.05)324.83) 223.37| 164.32| 242.61| 258.71/ 209.47| 118.89| 219.93| 235.39 303.90| 126.74| 223.07

NN s W
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Table 3 The result of measuring soil hardness with automatic device (KPa)
(b) penetration depth 0.10m, 2nd time
(d) penetration depth 0.15m, 2nd time

(a) penetration depth 0.10m, 1st time,
(c) penetration depth 0.15m, 1st time,

(a)

b

c

d

f

g

h

I

j

k

m

n

~N N s WN

240.78
344.21
199.41
404.03
217.61
283.91
289.21

198.23
89.87
135.96
97.87
157.57
62.12
154.39

107.95

80.35
133.64
231.96
177.58

30.62
184.20

63.02

34.27
142.08
141.91
151.73
149.92
272.99

310.87
101.52

71.01
151.37
222.61
302.84
169.65

139.10

44.51
144.22

35.94
138.27
331.65
124.94

64.26
60.88
178.20
170.93
277.36
176.78
34.81

7331
42.74
37.10
66.70
102.78
99.86
54.85

112.80
51.54
110.72
76.99
142.37
154.59
80.50

89.20
121.58
134.67
246.15
179.21
144.77
153.87

168.68

76.51
145.67
128.85
142.39
163.29
296.71

163.83
134.78
132.82
204.96
194.24
146.89
147.99

324.60

30.40
160.31
147.54

30.40
188.30
112.64

22745

79.42
128.74
218.69
194.22
190.49
173.56

117.57

92.38
164.98
194.92
268.11
118.95
168.05

(b)

b

d

f

g | h

J

k

m

n

~N N B W

206.92
197.11
199.73
301.06
114.74
108.85
122.58

198.44
79.25
129.95
88.04
153.71
48.72
150.21

99.13
68.78
127.39
175.54
175.73
14.07
183.00

49.71

18.08
136.67
136.48
147.29
145.30
280.67

291.26
92.05
58.50

146.90

195.15

214.76

216.73

133.40

29.35
139.03

19.92
132.49
345.20
193.19

97.09 116.70

47.36
176.41
168.40
285.49
174.85
110.81]

65.70
92.18
53.76
93.45
90.24
107.87

193.19
37.08
102.18
65.08
186.33
150.43
68.93

78.51
114.13
128.52
251.15
177.52
139.64
149.64

165.93

64.54
140.63
147.10
137.02
160.01
306.76

193.60
128.65
126.49
205.84
194.05
141.97
143.18

218.69

13.83
156.72
142.68
330.48
187.52
104.30/

230.58

67.75
122.00
220.94
194.03
189.93

171.30
L

109.71

82.00
161.86
194.79
275.30
111.23
165.25

(c)

b

d

f

g

h

j

k

m

n

[v]

~N N s W

248.21
248.21
157.81
34751
208.55
324.16
242.65

258.05
268.86
252.98
211.46
254.13
262.21
197.87

206.61
268.88
197.87
269.25
233.23
347.51
211.46

205.63
491.31
230.00
197.87
248.21
150.20
367.37

208.55
108.17
106.26
244.86
377.88
284.48
248.21

221.21
247.42
239.81
23471
344.55
302.85
197.87

242.94
197.87
104.69
244.87
251.49
349.59
240.91

245.83
183.30
240.27
155.15
315.92
329.82
254.42

192.04
251.90
216.44
245.04
104.21
338.77
197.87

99.86
338.77
232.33
166.80
223.87
507.00
219.50

21942
235.43
101.68
304.61
197.87
102.97
261.82

240.27
174.57
176.51
275.00
229.15
236.60
229.39

325.84
263.07
221.21
227.18
224.38
235.73
197.87

223.59
237.09
238.68
235.28
238.68
303.82
302.23
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296.67
231.53
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m
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253.42
253.42
153.98
362.64
209.79
336.96
247.31

264.24
276.13
258.67
212.99
259.93
268.82
1198.04

250.80
182.02
244.69
151.05
193.19
343.19
260.25

206.58
559.96
233.39
198.04
253.42
145.61
384.49

209.79
99.37
97.27

190.25

396.05

293.32

253.42

223.72
252.55
244.18
477.58
218.69
313.52
198.04

247.62
198.04

95.55
249.74
257.02
364.94
245.39

221.75
239.36

92.23
315.46
198.04

93.65
268.39

191.63
257.48
218.47
249.93

95.02
353.03
198.04

90.23
293.22
235.95
163.87
226.65
489.35
221.84

207.65
276.16
198.04
276.57
236.94
212.80
212.99

207.99
225.46
288.37
236.60
322.91
306.72
235.07

338.81
269.76
223.72
230.29
227.21
239.69
198.04

226.34
241.19
242.94
239.20
24294
314.59
312.84

244.69
172.41
174.55
282.89
232.45
240.65
232.72
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Fig. 10 The result of measuring soil hardness with man-made device (KPa).
(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time

(c) penetration depth 0.15m, 1st time,

(d) penetration depth 0.15m, 2nd time
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Fig. 11 The result of measuring soil hardness with automatic device (KPa).
(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time
(c) penetration depth 0.15m, 1st time,

(d) penetration depth 0.15m, 2nd time
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Table 4 The result of statistics hypothesis testing
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Time| Mean S.D. Max. Min d So 10 1104, 0.1)
1] 13371 {11149 | 4834 0.68 ’
0.10 -4.736 14.698 3.302
2 138.45 100.93 427.12 12.40
Man-made
1 22547 107.52 666.27 23.67 i
0.15 -10.484 56.196 -1912
2 235.95 114.89 671.27 28.67 658
1 151.57 78.06 404.03 304 ’
0.10 5.908 48.850 1.240
. 2 145.66 69.85 345.20 13.83
Automatic
1 24198 68.914 507.00 99.86
0.15 t -1.584 55.894 0.290
2 243.57 | 76.768 559.96 90.23 \
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