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Abstract

The main part of plough is the share, it digs into the soil, separates the surface soil from
the bed soil and then moldboard turns it upside down, but the share’s life is very short
which is because the friction between the share and the soil. The paper will present a case
study of successfully using TRIZ methodology and Robust Design to solve a
longstanding design deficiency of plough. Using Su-Field analysis method and physical
effects, engineers found a way to reduce the friction with magnetic field and came up
with alow-cost solution using existing plough. Robust Design was used next to optimize
the settings of the solution. The resulting feature was put into production, and it greatly
increased customer satisfaction, prolonged share’'s life and fortunately after the new
plough cultivated the crop yield could be increased.
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1 PLOUGH AND TRIZ

As aresearch project, TRIZ was introduced to and practiced during design of the plough
by learning and experimenting with TRIZ while doing the work. The project had multiple
goals, one of which was using TRIZ to tackle a rea life technical problem. The problem
the group decided to take on was the friction problem on the share of plough.

2 THE PLOUGH SYSTEM

Fig.1 isthe sketch of a mono-plough, the main parts of it is the share. When working, the
share first digs into the soil, separates the surface soil from the bed soil and then the
moldboard turns the upper soil upside down. During cultivation, the share’s life is very
short which is because of the big friction between the share and the soil. And the
cultivated quality was depended on the share greatly.



Fig.1 The sketch of a plough
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3 PAST ATTEMPTS TO SOLVE THE PROBLEM

In the past, several attempts have been made to remedy the share-friction problem.

Different kinds of alloys have been tried to manufacture the share. Although some kinds
of share made of alloys were working well and the share friction is much lower, but the
cost was much higher and the customer could not afford it normally.

Another attempt was to make the plough, especialy the share, to vibrate when cultivating
soil. The plough equipped with the vibrating system could reduce the share friction and
prolong its life, but the addition of the vibrating system make the cost of the plough
increase sharply and some negative effects were derived from the vibrating system.

As aresult, the farmer hope the share of plough working longer and cost lower, so it is
very important to develop new kind of share on the plough.

4 PRACTICING S-FIELD ANALYSIS METHOD

First, the S-Field of the plough was analyzed as Fig.2. Sl is the soil, S2 is the share, and
Field is the mechanical force—the draft force of the tractor.
Fig 2 Adding afield to reducethe effect is one standard solution
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There are severa possibilities for field, which will reduce the effect of friction:
apneumatic field using pressure air.
amagnetic field to magnetize share to improve friction.

Selecting a different solution from the Standard Solutions. Insert a substance S3 and
another field F2 (Fig.3) to develop a concept to support the solution.

Fig.3 A Solution different from the standard solution
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Fw is magnetic field and S3 is magnetic pieces, which attached to the back of the share
(Fig.4). The magnetic field (the magnetic field intensity is higher) will affect the soil,
causing the share friction to go down.

5 ROBUST DESIGN FOR OPTIMIZATION

The new kind of magnetic plough was shown as Fig.4. The small magnetic pieces were
attached to the back of the share, then the magnetic field was formed around the share
and change the relations between the soil and the share, therefore reduce the share
friction.

Fig.4 The magnetic pieces were attached to the back of the share (side view)
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For field implementation, the magnetic intensity of the share and the working speed of
the plough must be optimized to make plough work well and cost lower. But the share



friction is very difficult to be measured, so the two parameters, the plough draft and the
engine fuel consumption, were chosen to measure instead of the share friction. A simple
two-factor (the speed and the magnetic intensity), three-level DOE was used, and three
repetitions were run for each of the nine settings (Table 1).

Table 1 Design of contrast experiment on magnetic plough

Experiment A _ B _ Experiment result (draft force)
A B Working | Magnetic
No. # speed fidd | Output1 | Output2 | Output 3
1 1 1 Al B1 30.5 31 326
2 1 Al B2 385 39.4 37.9
3 1 -1 Al B3 45.8 46.8 40.2
4 0 1 A2 B1 50.2 51.9 46.7
5 0 A2 B2 34.6 37.8 321
6 0 -1 A2 B3 56.3 58.1 534
7 -1 1 A3 B1 63.2 64.5 69.6
8 -1 0 A3 B2 70.3 69.5 716
9 -1 -1 A3 B3 60.1 58.4 57.3

The output of the experiment was a numerical representation of how the plow draft or
fuel consumption was, the lower the plow draft or fuel consumption, the lower the share
friction was. An average output of 70.46 (N0.8) represents a better condition, where an
average output of 31.36 (No.1) represents a worse condition. The optimizing settings
were achieved with No. 8 (A3, B2).

The contrast experiments between the magnetic plough with No. 8 (A3, B2) and the
normal one were done at the same condition like below: The experiment plough with 4
mono-plough, the soil was burozem and soybean field last summer, soil compaction was
30.28 N/cm?®, soil water content was 15.98 %, plow depth was 22.5 cm and the
mono-plow width was 20 cm.

The experiment results showed that the magnetic plough saved the plow draft 10.55 %
and reduced 11.3 % fuel consumption than the normal plough did. The result proven fully
that the magnetic plough could surely get the achievement of saving plough draft,
reducing fuel consumption of the engine and finally reduce the share friction, increase the
share'slife.

Another result was out of expected, compared with the normal field, the crop was grown
better on the magnetic plough cultivated field and the crop yield was increased than the
normal plough field did.



6 CONCLUSIONS

Using S-Field analysis method, a methodology derived from TRIZ, in combination with
DOE (Design of Experiment), magnetic share of plough solved a long-standing share
friction deficiency in the cultivated machines. The addition of some small magnetic
pieces on the share will increase the total cost of the share, but the saving of plough draft
and reducing fuel consumption of the engine can compensate the cost, the farmer also
could afford it.
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