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Effect of High Pulsed Electrical Filed on Properties of Compressive
Mechanical and Deformation Process of Potato

Wu Xinhui  Guo Yuming

(College of Engineering, Shanxi Agricultural University, Taigu 030801, China)
Abstract; Potato was chosen as the subject of the compression experiment, and the microstructure
deformation, microscopic mechanical properties, deformation and failure process were gained by the
system of microscopic image and mechanical test. The fitting equation and the optimal parameters of yield
strength and PEF parameter were analyzed and further optimized by SAS software. The result could

provide a theoretical basis for optimizing the technologic parameter of freeze-drying and the design of
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processing equipment.
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Fig. 1  Microstructure before potato yield
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Fig.2 Micromechanism when the potato yield
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Fig.3 Compressive load — compressive displacement

curve of potato sample

IR BEAT AL B SR ) T 7 2 03 2R 5 00 G i AR 55
BE, PR 5 R GRS S S ER
R AR R il RS L AR T SRR 1 I B it
7 G U O A5 IE ST R B, AT [ I 2 GE 22
PEATAT R
IRE N AP BT S i3k 1 BroR. s
SAS B fF iy ADX St i i e AT — > b 4 IR
SRR Bt , BT 7 N 2 P, Ko o, ~ o, R
FHHREIAL X, ~ X, ZmHiSE .
£1 HBEFKT

Tab.1 Coding values and levels of test factors

) K%
G it o T Rt T AHL )
JK ISR EE x, /V+cm QU R AVATEN ) QU L ]
-1.682 5 10 1
-1 410 50 20
0 1 000 105 50
1 1595 160 80
1.682 2 000 200 99

2 HIEHELERST

2.1 [EFEREL

FIFH SAS B A1 rsreg 33 A8 % 2 560 25 L i 47 ]
I3 M7, G H N 3 ~5 iR

H1E 3 WAL 7E 0. 05 KF B X, X, XTI XSHY
AP E HAAEE ., &4 05 E IR
JELR I P E AP E R B4 B/ T 0..000 1 A
0.6305, % H HA B R63.05% K HE ), 5¢



b 2

BB A TR o R 37 X S T A g 2R R R T AR R 183

R2 ROEAAEREEEIZIT

Tab.2 Orthogonal and rotatable central composite design

Wy 5 X X, X, J IR 5 B Y/ Pa
1 -1 -1 -1 1.359 6 x10°
2 -1 -1 1 1.2388 x 10°
3 -1 1 -1 1.2376 x 10°
4 -1 1 1 9.302 1 x10*
5 1 -1 -1 8.7306 x 10*
6 1 -1 1 7.809 4 x 10*
7 1 1 -1 7.466 3 x 10*
8 1 1 1 8.2819 x10*
9 -1.682 0 0 1.2899 x 10°
10 1. 682 0 0 7.6047 x10*
11 0 -1.682 0 8.0899 x 10*
12 0 1.682 0 7.507 2 x 10*
13 0 0 -1.682 1.2831 x10°
14 0 0 1. 682 8.167 3 x 10*
15 0 0 0 1.008 9 x 10°
16 0 0 0 8.8521 x10*
17 0 0 0 8.277 3 x 10*
18 0 0 0 7.946 4 x 10*
19 0 0 0 7.8992 x10*
20 0 0 0 8.372 1 x 10*
21 0 0 0 9.206 6 x 10*
22 0 0 0 7.559 8 x10*
23 0 0 0 7.937 4 x10*
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Tab.3 Parameter estimates of regression and

test of response-surface

8] )9 7% EVEE-3¢ i P>l ERUE S
R 20. 484 4 9.54 <0.001 8. 449 505
X, -0.009 9 -5.12  0.0002  -2.982093
X, -0.0105 -0.50 0.6276  -0.753730
X, -0.1528 -3.87 0.0019  —1.464 764
Xi 2.029 x10~° 3.12 0. 008 2 2.019 272
XX, 1.345 x10 73 1.36 0.197 1 1.274 846
X; -5.012x107° -0.69 0.5013  -0.452356
X3 X, 3.009 x 10 ~° 1.63 0. 1269 1.470719
X3 X, -7.79x10°° -0.04  0.9693 -0.036272
X3 9.36 x10~* 3.49 0. 0040 2.247 083
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Tab.4 Itemized test of response-surface
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Y =20.484 4 -0.009 9X, -0.010 5X, - 0. 152 8X, +
2.029 x 10 °X; =5.012 x 10 °X; +
9.36 x10 X +1.345 x 10 °X, X, +
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Tab.5 Factorial effect test of response-surface

¥ F-J5 75 F P, >F
X, 54.8970 13.724 3 16. 50 <0.000 1
X, 4.604 6 1.1511 1.38 0.293 2
X, 23.3612 5.8403 7.02 0.003 1
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Tab.6 Canonical analysis of response-surface

iH X, X, X3 FRAEAR
9 1ARERmAE 0.6755 0.1235 0.7270  2.9273
92 FRMEMR A 0.6927 0.2316 -0.6830 1.5074
93 EREM A -0.2527  0.9649  0.0709  -0.6206
A i 5 3 A 0. 666 7 0.1020  0.1086
2R T 4 5, 1667.5142 114.6864 55.3203
B 5 ) 17 7.3375 B ERAE 55

EYERI 5 R? F P,>F
2 PE 5 56.769 3 0.6305 22.75 <0.000 1
97 35 18.704 6 0.2077 7.49 0.003 7
2 LI 3.7520 0.0417 1.50 0.260 1
oy i 79.2258 0.8799 10. 58 0.000 1
U 5.748 4 1.1497 1.82 0.2161
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Frox, =1 281.946 2 V/em, x, = 194.387 0 ps, x, =
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Tab.7 Estimated ridge of the minimum response
R MR AFMEIRE &/ Veem ™ 0 /ps %3/

0 8.4570 0.3039 1000.0000 105.0000 50.0000
0.1 8.1424 0.3038 1088.3244 107.2021 51.9736
0.2 7.8816 0.3045 1178.5495 103.6697 53.6484
0.3 7.6733 0.3085 1270.0267 112.6180 54.9704
0.4 7.5157 0.3195 1359.6493 116.8208 55.9045
0.5 7.4042 0.3429 1442.2921 126.8231 56.5749
0.6 7.3151 0.3834 1404.4403 144.5878 57.2607
0.7 7.2212 0.4416 1371.7846 159.2141 57.8113
0.8 7.1171 0.5179 1340.5381 171.8283 59.2869
0.9 7.0017 0.6117 1310.7355 183.4115 58.7241
1.0 6.8744 0.7223 1281.9462 194.3870 59.1388
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Tab.8 Estimated ridge of the maximum response
WRER MR AR % /Veem ™! %)/ s x5/

0 8.4570 0.3038 1000.0000 105.0000 50.0000
0.1 8.8263 0.3039 913.6603 102.9744 47.7796
0.2 9.2511 0.3046 829.2010 101.078 1 45.3574
0.3 9.7319 0.3084 746.4523 99.2821 42.7705
0.4 10.2691 0.3191 665.2290 97.566 0 40.049 0
0.5 10.8633 0.3412 585.3525 95.9152 37.2168
0.6 11.5145 0.3786  506. 660 2 94.3186 34.2930
0.7 12.2231 0.4335 429.0079 92.7674 31.2931
0.8 12.9893 0.5066 352.2695 91.2548 28.2291
0.9 13.8131 0.5972 276.3361 89.7751 25.1112
1.0 14.6947 0.7053 201.1135 88.3238 21.9472
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Fig.4 Response surface and isoline of pulse strength and pulse number on yield strength when pulse time is 10 s
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Fig.5 Response surface and isoline of pulse strength and pulse number on yield strength when pulse time is 105 s
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Fig. 6 Response surface and isoline of pulse strength and pulse number on yield strength when pulse time is 200 ps
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