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Abstract: [Objective] To explore the damage principle of potato under drop impact. [Method] Prescale
sensitive film and high speed photogrammetry were used to characterize the contact stress distribution of potato
when it collided with five types of materials and dropped from different heights. The relationship between potato
damage and contact stress distribution was determined by studying the distribution law of contact stress in
potato. [Result] The response surface analysis of combination orthogonal test for potato showed that collision

material, dropping height and potato mass had significant influences on the impact compression deformation
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amount of potato collision. The influence degree in order was collision material>dropping height>potato mass.

When colliding with 65Mn steel, the potato had damage at the dropping height of 300 mm. When colliding with

plastic ABS, clods, potatoes and nitrile rubber, the potato had damage at the dropping height of 400 mm. At the

dropping height of 200—800 mm, the major contact area was under the contact stress of 0.01-0.50 MPa, which

played a major role in potato damage. At the dropping height of <300 mm for 65Mn steel and <400 mm for other

collision materials, the major contact area was under the contact stress of <0.20 MPa. At the dropping height

of =300 mm for 65Mn steel and =400 mm for other collision materials, the major contact area was under the

contact stress of (0.20, 0.60] MPa. The critical stress causing damage of potato was 0.20 MPa under drop impact.

Dropping height and contact area showed a highly linear positive correlation, with the determination coefficient

(R?) above 0.95. Impact force was the product of contact stress and contact area, which had highly linear

correlation with impact compression deformation, and R* was above 0.96. [ Conclusion] The constructed linear

regression model can accurately predict and evaluate damage of potato under drop impact.

Key words: potato; collision; damage; pressure sensitive film; contact stress distribution
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Table 1 Coding table of factor and level

e MR A)  BEREB)mMm SREREC)
Collision Dropping Potato
Level . .
material height mass
-1 65Mn¥ 65Mn steel 200 0~50
0 44 % Potato 500 100~150
1 L4t Clods 800 150~200
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Table 2 Variance analysis of impact compression deformation amount

A RISV iz PR
Source of variance Sum of deviation square Degree of freedom Mean sum of deviation F F

square

27 Model 160.25 9 17.81 12.69 0.001 5

A 54.03 1 54.03 38.52 0.000 4

B 87.62 1 87.62 62.46 <0.000 1

C 11.01 1 11.01 7.85 0.026 5

AB 0.83 1 0.83 0.59 0.467 4

AC 0.24 1 0.24 0.17 0.691 5

BC 0.19 1 0.19 0.13 0.725 8

A’ 0.11 1 0.11 0.08 0.789 2

B’ 6.30 1 6.30 4.49 0.071 8

(o 0.03 1 0.03 0.02 0.8915

%% Residual 9.82 7 1.40

LA Lack of fit 2.36 3 0.79 0.42 0.747 5

%7 Error 7.46 4 1.86

2t Total 170.07 16

DA, BARESE, CHLLE /T
1)A: Collision material; B: Dropping height; C: Potato mass
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Fig.3 Response surface diagram of impact compression deformation amount
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Fig. 8 Relation between contact stress and dropping height of potato in collision with different materials
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Table 3 Regression equation of impact compression deformation amount of potato in collision with different materials

A% A4 )

Collision material

(el =475 e R

Regression equation

Determination coefficient

65Mn# 65Mn Steel D=0.088 214.P+5.370 0.993 1
¥k ABS Plastic ABS D=0.054 634,P+6.932 0.9929
L4 Potato D=0.083 924,.P+5.308 0.992 1
+Ht Clods D=0.034 424,P+9.026 0.963 4
T 5B Nitrile rubber D=0.027 184,P+3.296 0.991 1

1) DA & B4 YT, A F AR E AR, PR AR )

1) D represents impact compression deformation amount, 4, represents contact area, P represents contact stress
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