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Abstract  Structural behaviour of the front loader for an agricultural tractor was analyzed for three impact test
conditions: drop and catch, corner pull, and corner push. Rigid-body dynamic, transient structural, and static structural
analyses were conducted using a commercial finite element software. Analysis of the drop and catch test dealt with
the case that the bucket located at the maximum elevation was dropped and catched through three steps. Analysis
of the corner pull test dealt with the case that the bucket constrained to the ground by a chain at its corner was raised
suddenly. Analysis of the corner push test dealt with the case that the corner of the bucket collided with an obstacle.
Results of analyses of the three test conditions showed that maximum stress occurs at the geometrically discontinuous
location in the mount and is caused from local stress concentration. Results of the present research can be utilized
as a guideline to achieve more reliable and safe structural design of the front loaders.
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Fig. 3. Condition of corner push test
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Fig. 4. Simplified model of the main body

Tripod (SS400)
Horizontal link (SS400)

Bucket cylinder (S45C)
Boom cylinder (S45C)

Boom ($5400)
Post (SS400)

Bow link (SS400)

Bucket (SS400)

Mount (SS400)

Quick attach (S5400)

Fig. 5. Finite element model of the front loader

Table 1. Material properties

Material Young’s Poisson’s | Density Yield
type modulus ratio (ke /m3) strength
(GPa) (MPa)
SS400 200 0.28 7860 250
S45C 208 0.30 7840 350
STKR 201.6 0.26 7850 345
SPPS 201.6 0.26 7850 345

[C]SS400
WSTKR

Fig. 6. Material types of the mount
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< Longitudinal Spring >

Fig. 7. Spring element for the tires

Table 2. Stiffness coefficient of spring elements for tires

Tire location Stiffness coefficient (N/mm)
S1 314
S2 314
S3 2940
S4 2940
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Fig. 8. Boundary condition of the front loader

Table 3. Results of velocity of the parts (before first
catch) (unit: mm/s)

Parts Vx Vy Vz
Bucket -5 -238 -389
Quick attach -5 -238 -389
Bow link -4 -227 -336
Bucket cylinder -5 -226 -231
Boom -4 -186 -221
Tripod -4 212 -164
Boom cylinder -2 -79 -138
Horizontal link -3 -137 -129
Mount 0 6 -75

Table 4. Results of velocity of the parts (before second
catch) (unit: mm/s)

Parts Vx Vy Vz
Bucket -2 -111 -548
Quick attach -2 -111 -548
Bow link -2 -107 -487
Bucket cylinder -2 -178 -379
Boom -2 -140 -350
Tripod -3 -204 -306
Boom cylinder -1 -89 -218
Horizontal link -2 -148 -220
Mount 0 -19 -134
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Table 5. Results of velocity of the parts (before third
catch) (unit: mm/s)

Parts Vx Vy Vz
Bucket 0 29 -231
Quick attach 0 29 -231
Bow link 0 20 2215
Bucket cylinder 0 -34 -171
Boom 0 -22 -153
Tripod 0 -60 -142
Boom cylinder 0 -30 -83
Horizontal link 0 -46 -90
Mount 0 -6 -42

Table 6. Spring force of tires (before second catch)

Tire location Spring force (N)
S1 -22269
S2 -22564
S3 -11157
S4 -11376
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(c) time = 0.25 s

Fig. 9. Displacement distribution of the tractor (after
second catch)

(MFa)

5,5625e-10 Min

Fig. 10. Stress distribution of the tractor (after second
catch)

(MPa) g 755.55 Max
B0

Fig. 11. Stress distribution of the mount (after second
catch)

Fig. 12. Llocation of local stress concentration in the
mount
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Fig. 14. Displacement distribution of the tractor (corner
pull test)
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