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Optimal Design of Tractor Cabin Frame Using Design of
Experiment of Taguchi
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Abstract Agricultural tractors must have a function of ROPS to protect drivers under roll-over accident. In this study,
finite element analyses and an optimal design were performed to reduce the cost and the production period of the
cabin frame of a tractor to pass the ROPS strength test. To confirm the pass of ROPS strength test of an initial design
model, the results of deformation and principal strain from the analyses were evaluated. To reduce the weight of the
cabin frame, design of experiment of Taguchi was implemented, and an optimal design was obtained. The weight of
the optimal design model was reduced by 7% comparing with the initial design model.

Keywords : Cabin frome, Optimal design, ROPS(Roll Over Protective Structures), Taguchi DOE(Design of Experiment),
Tractor
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Table 1. Application range of ROPS according to the
specification of the tractor

Specification of the tractor
Application | Wheel Basic Road PTO
range track mass | clearance | power Type
(mm) (kg) (mm) kW)
1150 600 wheel
Range 1 - -
or over | or over or crawler
Range 2 1150 600 - - wheel
or under | or over
Range 3 - 800 600 - crawler
or over | or under
600 15 wheel
Range 4 ) under ) or under | or crawler
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Fig. 1. ROPS test equipment
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Table 2. Requirement of each test step for ROPS

Requirement
Step Equation
(M:;ZOO kg) Value
Rear horizontal load E = 1.40M 7.28 kJ
Rear collapse F = 20M 104 kN
Side horizontal load E = 1.75M 9.10 kJ
Front collapse F = 20M 104 kN

Fig. 2. Finite element model of the tractor cabin frame

Table 3. Material properties

. Young’s . N Rupture
. Density Poisson’s X
Material spec. (K g/mg) modulus ratio strain
(GPa) (%)
SPHC 7800 210 0.30 29
STKMI1A 7800 200 0.29 30
SPCC 7800 200 0.28 37
SS400 7800 200 0.29 21
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Fig. 3. Stiffness of nonlinear spring element for the mount
rubber (a)Experimental data (b)Input data
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Fig. 4. Result of displacement(rear horizontal load)
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Fig. 6. Result of displacement(side horizontal load)
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Fig. 7. Result of displacement(front collapse)
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Fig. 8. Design factors of the cabin frame
(a)All factors (b)Factor A (c)Factor B (d)Factor C
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Table 4. Level of design factors

Design factor A(mm) B(mm) C(mm)

Level

1

2
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2.3
32

4.5
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Table 6. Result of characteristic
Experiment Level Srear Side

no. A B C © (%) (%)

1 1 1 1 1 31.6

2 1 2 2 2 20.0 342

3 1 3 3 3 13.8 36.3

4 2 1 2 3 279

5 2 2 3 1 18.5 28.4

6 2 3 1 2 15.3 27.0

7 3 1 3 2 26.5 -

8 3 2 1 3 15.8 18.3

9 3 3 2 1 14.1 17.0

Table 7. Level average of each design factor

Characteristic Level A B C

1 21.8 28.7 20.9

St 2 20.6 18.1 20.7
(mm)

3 18.8 14.4 19.6

S 1 353 227

side 2 277 27.0 25.6
(mm)

3 17.7 26.8 324

Table 8. Values of the initial and optimum design factors

Design variable A(mm) B(mm) C(mm)
Initial design 4.5 4.5 4.5
Optimum design 45 4.5 32
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Fig. 9. Graph of significant factors
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Table 9. Comparison of initial and optimum designs
Initial | Optimum
design design
Weight of the cabin frame (kg) 337 315
] Rear horizontal load 150 155
. Jig Rear collapse 25 30
displacement - -
Side horizontal load 185 195
(mm)
Front collapse 15 20
Rear horizontal load 123 120
safety Rear collapse 127 109
distance - -
Side horizontal load 120 116
(mm)
Front collapse 110 106
) Rear horizontal load 14.5 14.1
'Ma'leum . Rear collapse 12.7 18.6
principal strain - -
%) Side horizontal load 12.3 17.0
Front collapse 11.8 16.8
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