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Interaction Relationship between Soil and Very Narrow Tine
during Penetration Process
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Abstract; With the development of the conservation tillage technology and low disturbance soil
treatment, new tillage tools like narrow or very narrow tines are applied more often. In order to provide
theoretical supports for the design and optimization of tillage tools and key components, and enrich the
theory system of soil — tool interaction, the very narrow tine — soil interaction was investigated, especially
during the penetration process. Two tines with different cutting edge shapes were designed and a special
test bed was set up based on the soil bin test bench as well. Soil failure mechanism was analyzed. The
resistances of the two tines were recorded, analyzed and compared in the penetration stage. And the
resistance prediction mechanical models were proposed. The mean resistance sources of the tines were
found by analyzing the tines resistance mechanical models. The contact areas of the very narrow tines in
different depths were measured and calculated by using the CATIA three-dimensional design software,
and the relationships between the resistances and contact areas were analyzed as well. Results indicated
that soil failure was mainly caused by the stress field and velocity field in the soil — tine interaction.
Mechanical components of soil cohesive, pressure, friction and adhesion were the main resistance sources
of the tines. The forces between the tines and soil can be predicted by the soil mechanical components.
The prediction models can well reflect the tendency between the resistances and the depth in the tines
working processes. Furthermore, the results indicated that there was a nonlinear relationship between the
resistance and soil — tine contact area with certain soil property parameters. The tine geometry parameter
became an important influence factor of the resistance.
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Fig.1 Rectangle tine and triangle tine
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Fig.2  Cross section of soil layer in penetration process
TEGEA S R, JI A K 50 T, L HE 45 M 1l P=N+T+C,+C (1)

R, E B ) 70 1A 2T 1) B He , 7 AR s R
AR I IV TR BE T3 1) ¥ 8l [ I T 35 ) A 1 Ak
TEYIETT [ K A X R Bl DRI 0 0 %o - 3 1 £
P 3T LA ik VA 45 2 168 D5 1) ROK SO 1) 1 4
(F\F1F,) R FoR,2 ANT7 1) b i I e LUIET7 B
0 gt A B (AN &L 3 Bz ) O 1] B4
FEHUA A AE R 37 2 48 A i B A2 o e I i
R, Tt 5 e S il TR T A 2 AR S
A P A 42 i 7L 1) 3 ) 24 R 0 A A R
iz gl B g Y 32 BRI, U0 A AR B R R T N
T15. MO, AN AL i 0k E BT A ) 9 4
FITR = A B AL A% R O T Y, B ) 3
I T2 T R I R B R
AR T F2 B e A A 5 T A e v FL A, B g 3
PR 7 1 T S S R AR AT R S Rt
JZBE A RAMAR

g =iy
L E— —HU
| - | 7N
Vi izsa ANk )
| o¢) %%*‘éo
\ NN | + g F,
Jr| N O —

_____ e — AR E
B3 T AR AR A

Fig.3 Schematic diagram of tine — soil interaction
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Fig.4 Mechanical analysis of tine in penetration stage
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Tab.1 Soil bulk density, moisture content and porosity

in different soil depths of sampling plots
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Tab.2 Test results of soil angle of internal friction, cohesion and unconfined compressive strength in different soil depths

BEE/ cm W EESE A/ () N % 41/kPa TG B4 R 3R % /K Pa TN B 245 3 Pl i 17 gy 5l 1) N AR x DA T R
0-~5 18.275 £1. 658" 28.901 +7. 031" 80.352 +5. 486" y=0.029x" —1.333x% +20.183x -21.011 (R* =0.986)
5~10 19.169 +1.291° 20.328 +4.801° 47.410 £9.392" y=0.014x> —0. 67247 +10. 645x -9.017 (R* =0.988)
10 ~15 17.802 +2.311° 23.634 +5.281" 43.495 £2.067" y=0.022x" —0.890x> +11.747x -7.628 (R* =0.988)
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Tab.3 Parameter values of penetration resistance

prediction model of rectangle tine

S8 BE B pq!
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Fig. 6 Mechanical analysis of triangle tine in

penetration stage
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Tab.4 Parameter values of penetration resistance

prediction model of triangle tine

B/(°) 30 ¢/kPa 28.901
0/(°) 14. 48 s/mm 7
P 0.17 a/(°) 30
c,/kPa 2.6 o,/kPa 63.25
o,/kPa 31. 625 h,/cm 2. 606
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Fig.7 Relationship curves between penetration resistance and depth
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Tab.5 Comparison of predicted values and trial values of penetration resistance
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Fig.8 Relationship curves between penetration resistance and attack surface area of tines in penetration stage
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