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Collision damage test and acceleration characteristic
analysis of potato

XIE Shengshi, WANG Chunguang” . DENG Weigang

(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract In order to tackle the problem of high damage rate during harvesting, fresh potato was taken as the research
object, and the damage volume of potatoes was analyzed by orthogonal experiment with the help of potato impact test-
rig. The impact process was then analyzed based on the curve of potato collision acceleration. The initial height and
potato mass were selected as experimental factors to investigate the variation of peak collision acceleration with each
factor level. Finally, the critical value of impact damage of potato was tested. The results showed that the descending
order of the significance of factors on damage volume was the initial height, potato mass, potato temperature and
impact materials. The collision between potato and rod experienced four stages. viscoelastic compression. elastic-
plastic compression, elastic recovery, and separation from rod. The peak acceleration increased with the increase of
initial height and declined with the increment of potato mass. When the temperature of potato was 5, 15 and 23 C , the
damage thresholds caused by potato conflict with 65Mn steel were 0.99, 1.253, 2.506 m/s and 434. 154, 674. 437,
1249.794 m/s’, respectively. The damage thresholds caused by potato conflict with 656Mn-plastic and 65Mn-rubber at
15 C were 2.506. 2.344 m/s and 1 589.528, 1409.697 m/s?, respectively.
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1. Frame; 2. Scale; 3. Swing rod; 4. Fixture; 5. Accelerometer;
6. Potato; 7. Rod; 8. Data acquisition and analysis instrument;
9. Computer
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Fig. 1 Potato impact test-rig
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Fig. 2 Accelerometer installation
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Table 1 Factors and levels of orthogonal test

2 Factors

BTN GREMEC B WEEE e CSREEIE DA
Potato temperature Initial height Potato mass Collision materials
1 5 100 150 65Mn
2 15 300 250 65Mn- 3 K}
3 23 600 350 65Mn-42 Jie
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Table 2 Scheme and results of orthogonal experiment

s AL TR B. ¥l C, L% D, RifEME B B/ mm?
Number B/ C = JE /mm RHE/g Collision Damage volume
Potato temperature  Initial height Potato mass materials v, v,
1 1 1 1 1 143. 589 150. 231
2 1 2 2 2 1 701. 305 1 630.796
3 1 3 3 3 9 006.012 8 950. 743
4 2 1 2 3 61.108 59.621
5 2 2 3 1 6 343.932 6 510. 334
6 2 3 1 2 3 210. 889 3 400. 168
7 3 1 3 2 2.751 3. 346
8 3 2 1 3 5.003 4.951
9 3 3 2 1 4 130.973 4 230. 046
ky 3597.113 70.108 1152.472 3 584.851
ky 3 264. 342 2 699. 387 1 968.975 1 658.209
ks 1396.178 5 488.138 5 136. 186 3014.573
R 2 200. 935 5 418.030 3983.714 1 926. 642
[ 3 3 O B>C>A>D

Factor order

WV B i G=1,2) /N WY Bl 40 40 PR AR 908 s by RORAT — 31 BRI FEBUKF G=1,2,3) I ir 3l 50 45 R T HCF I E R %
R
Note:V; denotes the average volume of impact damage in group i(i=1,2) ;k; denotes the arithmetic mean of the test results when the

factor is taken at level i(i=1,2,3) in either column;R denotes range.

R3 DREBERBROGERATESH

Table 3 Variance analysis of damage volume of potato

2 58 R R il FIih & ¥ 5 F{g 2

Difference source Sum of squares Freedom Mean square F value Significance

A 16 889 767. 48 2 8§ 444 883.74 1 867.316 *%

B 88 090 605. 81 2 44 045 302. 90 9 739. 210 *%

C 53 135 774. 10 2 26 567 887.05 5 874.639 *%

D 11 753 775.53 2 5 876 887.77 1 299. 486 *%
"2 Error 40 702. 25 9 4 522.47
Bt Total 306 300 000

e oxx RRZEFH D F (P<0.0D) 5 Fo 012,90 =8. 022, Fo 052,00 =4. 265,
Note: ** denotes high significance at P<Z0. 01;F 01¢2,9) =8. 022, F¢,05¢2,9) = 4. 265.

44 5 65Mn-¥ ), 65 Mn-44 5 filf 15 )5 119 SRR RGBS B I L 38 5 T 5 % R P
PR BRI/ T 55 HAAT Al 488 i A 40 40 PR B, S DR O O P DA T A 4 s g e/ 4 40 A AR E =2 D)
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E is the biological yield point of potato. F is the lowest
acceleration point in the stage of elastic-plastic compression. G is the
macro-breaking point of potato epidermis. H is the completion point
of potato elastic recovery. I is the lowest acceleration point caused
by the adhesion between potato and rod. J is the separation point
between potato and rod.
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Fig. 3 Acceleration curve of potato during collision
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Fig.4 Effect of initial height on peak acceleration
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Fig. 5 Effect of potato mass on peak acceleration
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Table 4 Potato impact damage thresholds

Il {8 Threshold

OSSR/ °C il 43 471
ARG/ g s
Potato mass Potato Collision  yugp e /mm  REAERIHEE/ (m/s) I E WA/ (m/s”)
temperature materials Initial height Initial velocity Acceleration peak
150 120 1.534 856. 368
250 80 1.253 674. 437
15 65Mn
350 50 0. 990 396. 785
450 30 0.767 187. 245
5 50 0. 990 134,154
250 65Mn
23 250 2.215 1 449.794
65Mn- ¥ %} 320 2.506 1 589.528
250 15
65Mn-14 i 280 2. 344 1409. 697
s s oW P ESE PR E SR B E 4 DI B R
i Te

A FE R T 5 % 3l 4 K 8 & DUl T R0 B
JE Th % R R | T A% S R R AR B R X % Al
ST PR R IR - 45 5 R 5 T R A A £ o3
Br 7 SR B SRR R R e B e I T SR
il 428 458 0 ) SR . AT IR R .

1) 5 W) B 4% 25l 488 45 0 7 88 ) A1 2R 2 T e 44K
YRR e JEE | D % B SR L T % S RE Pl % A
b HL A4 AN PRZO 5 BRI 52 e 2 D A

2) Ih R B SR AR Bl A 22 D TR M TR 46 |

JEEE K o R R A L ) s B A S Rk 2 I A
G o LT3 R 0 (R BE ) 4 v B 1 15 T RS TR E AR
BR 0,996 5 T 44 25 I 5t XoF il 458 o ok R 06 L 1Y 52
R Z WA E . B s i 8 RE 4 o
B3 0T /) P E R AR 0. 988,

3) A EIR ]k 5.15.23 “CHE S 65Mn 4K
FF6IE 48 7= A= 51 M5 09 I B4 BE 43 0 S 50,80 A
250 mm, X N f Alf 5 SERE RN R R g {H 43 51 Ok
0.99.1. 253, 2. 506 m/s Hl 434. 154, 674. 437,
1249.794 m/s*; hEABOREE K 15 ‘CHT 5 65Mn-34
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kAN 65 Mn-t5 Ji58 il 8 7 A= 358 43 B4 e 2 1R B o 0k
320 1 280 i, Xof Ji7 F) Bl 58 3 JEE R0k 0 {1 23 531
4 2.506.2. 344 m/s Fl 1 589.528.1 409. 697 m/s’ .
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