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Design and Experiment of Potato Slicer with Dynamic Adjustment
of Feeding Speed

WANG Xiangyou'>  WANG Zhongyi' QU Junzhe' LI Xueqiang’® LIU Weilong' SONG Pengcheng'
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255091, China
2. Shandong Intelligent Engineering Technology Research Center for Potato Production Equipment, Dezhou 253600, China
3. Shandong Star Agricultural Equipment Co. ,Ltd. , Dezhou 253600, China)

Abstract; In view of the problems of poor cutting quality, high breakage rate and low degree of
automation, the structure of potato cutting machine was improved. Laser sensor and feed shunt device
were used to detect the feed speed and regulate the feed speed to improve the feed uniformity and cutting
stability. Taking the speed of centrifugal drum, the inclination angle of returning blade and the
installation angle of cutting blade as test factors, and the cutting pass rate as test index, the three factors
and three horizontal response surface tests were conducted. The test results were analyzed by Design-
Expert 10. 0. 1 software, and the influence of interactive factors on the test index was analyzed through
the response surface. The optimal combination of test factors and the verification test were obtained. The
results showed that when the speed of centrifugal drum was 224.6 r/min, the inclination angle of
returning blade was 19.4°, and the installation angle of slicing knife was 292°, the qualified rate of
cutting strip was 96. 7% , and the damage rate of dividing cutting was 2. 0% . On this basis, the feed
speed control and adjustment test was carried out. The test results showed that the qualified rate of cutting
strip was 96. 2% , the breakage rate was 2. 4% , the yield was 3.3 t/h, the qualified rate of cutting was
increased by 7% , the breakage rate was reduced by 4% , the cutting efficiency was increased by 28% ,
and the cutting quality and efficiency of the potato cutting machine were greatly improved.

Key words: potato; slicer; shunt detection; dynamic regulation of feeding speed; parameter optimization
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Fig.1 Structure diagram of potato slicer test bench with
dynamic adjustment of feeding speed
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Tab.1 Main technical parameters of potato slicer

with dynamic adjustment of feeding speed
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Fig.4 Analysis of potato shunt stress
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YRR S S5 A5, VI 2 A% R, o VTR SR, A N
PEMFE A% , [ ] Design-Expert H7 /) Box — Behnken
17 =R =Kl g i it i R i i an 3k 2 iy
AR TREERNE 3 PR, X, X, X, W E
(RTINS o1 2 A 8 2 = I R A e el L < O
2E R I 23 BT 1 56 4 A 6 T 48 A 1 5 e R
F2 RBFEEHSD
Tab.2 Test factors coding

G BDIRERE, R A, DR IR
(rrmin”"") (°) (°)
-1 150 15 270
0 225 20 300
1 300 25 330

3 KRAREER
Tab.3 Test plan and results

e T T Y. 0,/ % n2/ %
1 -1 1 0 94. 21 2.75
2 1 0 1 93.83 2.95
3 0 0 0 96. 31 1. 69
4 0 1 -1 92.27 3.92
5 1 0 -1 92.91 3.57
6 0 0 0 96.29 1.62
7 0 0 0 96.22 1.74
8 0 -1 -1 92.39 3.66
9 0 0 0 96. 46 1.57
10 0 0 0 96. 54 1.55
11 1 -1 0 93.52 3.41
12 -1 0 0 94. 28 2.61
13 0 1 1 93. 81 2.98
14 1 1 0 93.21 3.37
15 -1 0 -1 93.12 3.42
16 -1 -1 0 93. 46 3.21
17 0 -1 1 93. 31 3.31

3.3.2 B Rabr

{#i | Design-Expert 10.0. 1 4 %F & 3 F A9
LR S i g/ R 5 T =t RIS Rt i ST
DI AR, B9 LA D5 38, JF0EAT W A I

(1) VIR MR, (0] Y A 7

Xf By AR BN 55 5 k8 R, 1Y (0] A Y E 4T
ProRE ks, K Mg mE 4 . X, X,
XX, X7 X5 X5 U1 AR R g, 1R i B
X, Xy XX VD256 M6 38 m, B0 52 W) S 25, Gl Y 3R Y
SO AN 835 TR Al E R 5 e AN B3 I AT S B
JE AT 7 2 WG B A B i B A 19 £ o0 R Il IH
TN

7, =96.36 —0.20X, +0. 10X, +0. 57X, -0. 27X, X, +
0.16X,X, —1.09X; —1.68X; —1.74X;  (18)

®4 DRBUEEREFESH

Tab.4 Variance analysis of qualified rate of potato slicing

TR P AmE ¥ F P
(%] 36.26 9 4.03 288.92  <0.000 1 ***
X, 0.32 1 0.32 22.95  0.0020 ***
X, 0. 084 1 0. 084 6.03  0.0438"
X, 2.58 1 2.58 184.75 <0.000 1 ***
XX, 0.28 1 0.28 20.14  0.0028 ***
X, X, 0.014 1 0.014 1.03 0.343 4
X, X, 0. 096 1 0. 096 6.89  0.0342"
X3 4.98 1 4.98 356.74 <0.000 1
X3 11.84 1 11.84 849.11 <0.000 1 **
X? 12.78 1 12.78 916.20 <0.000 1 ***
B % 0. 098 7 0.014

31 0.028 3 9.433x10°3 0.54 0.6777
RERZE 0.069 4 0.017

S 36.36 16

o owr FREFWMEE (P <0.01); #x FR2EF W (0.01 <
P<0.05), T,

(2) S35 5, [ 01 465 7

X I BT YT) 4% W B3R, (8] IR R 47 4 A
5B, OB AR BN S TR X, X, X
X5 X0 XA VI I m, B MR B, X, X, X4 )
AR, IR WS, X, X, (X, 6 20 U0 0 5 R S
T RIS TS N i R b A
R TR JG P47 7 2 A, 5 275 B 4 7 8 19
£t TR R

x5 SDRESVEBRE,FEIN

Tab.5 Variance analysis of potato slitting breakage rate

52k IR A B Y5 F P

(il 10. 94 9 1.22 131.17 <0.000 1 ***

X, 0.21 1 0.21 23.14  0.0019"*

X, 0. 041 1 0. 041 4.38 0.074 6"

X, 0.92 1 0.92 99.75 <0.0001

X, X, 0. 044 1 0. 044 4.76 0.0655"
9. 025 x

X, X, 1 9.025x10°° 0.97 0.3567

1073

X, X, 0. 087 1 0. 087 9.39  0.0182**

X2 1.57 1 1.57 169.28 <0.000 1 **

X} 3.72 1 3.72 401.74 <0.000 1 ***

X3 3.36 1 3.36 362.18 <0.000 1

5k 2% 0. 065 7 9.271 x10 3

LD 0. 039 3 0.013 2.03 0.252 1

Rtz 0.026 4 6.430 x 10 3

Jegill 11. 01 16

TE: « RARZERHEFE(0.10>P>0.05),
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M, =1.63 +0.16X, —0.071X, —0.34X, +0. 1X, X, -
0.15X,X, +0.61X; +0.94X; +0.89X; (19)

3.3.3 e izl D43 By

i | Design-Expert 10. 0. 1 347 %35 &b 3 , 15 3]
PRl 2R 5% W) 5 5 A8 AR M 4% 6 46 22 F0 43 DIRB A0 32
5 W) 1Y) 0] 10 T o

XEFYI& AR g, WK 12a fi, 48] 5 7]
AN 300/, Y15k G 0 3 Bl G 150 VR 5 e RN
A A %) 38 0 X SR S BN S R A Y A e
Bl 12b [T, >4 80 VR 18 7% 3 225 o/ min B, U) 2%
A% B G U) i T4 % i AHEORE I 40 £ B 3 I 3
B s = R SR

(a) X,=0

270 15

(b) V\ =0
PR 2 38 H.VE R X ) 4% A4 3R m, 5 il 1) i Jo il T

Fig. 12 Response surfaces of influence of factor interaction

[ 12

on qualified rate of cutting
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Response surfaces of influence of factor interaction

on slitting failure rate
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Fig. 14  Test scene diagram

(a) 5mm (b) 10 mm (¢) 15 mm

(d) 20 mm
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Fig. 15  Strip cutting effects
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Fig. 16  Test scene diagram
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