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Design and Experiment of Segmented Combination Sweet Potato Cutting Machine

LI Xilong' WU Xiaomei' ZHANG Li'na' HE Yakai'? CHENG Ziwen' LU Huangzhen'"’
(1. Chinese Academy of Agricultural Mechanization Sciences Croup Co. , Lid. , Beijing 100083, China
2. Key Laboratory of Agricultural Products Processing Equipment, Ministry of Agriculture and Rural Affairs, Beijing 100083, China
3. China National Packaging and Food Machinery Co. , Lid. , Beijing 100083, China)

Abstract; Aiming to address the issues of poor slicing quality and frequent breakage in sweet potato strip
cutting machines, a segmented sweet potato strip cutter that integrated slicing and strip cutting
functionalities was developed. The mechanical and kinematic processes involved in sweet potato slicing
and strip cutting were analyzed, leading to the design of a linear reciprocating slicer, a circular blade
disk strip cutter, and associated feeding and conveying devices, with key structural parameters identified.
Experiments were conducted by using crank speed and strip cutting speed as variables, and breakage rate
and section smoothness as metrics. A second-order regression orthogonal rotational composite design was
employed for strips with cross-sections of 12 mm x 12 mm and 24 mm x 24 mm. Variance analysis was
performed by using Design-Expert software, and response surface analysis was used to determine the
effects of interaction factors on the metrics. Optimal experimental conditions were identified and
validated. The results indicated that for 12 mm x 12 mm strips, crank speed had a more significant impact
on breakage rate, while strip cutting speed more heavily influenced section smoothness. The optimal
quality was achieved at a crank speed of 16. 40 r/min and a strip cutting speed of 131. 30 m/s, resulting
in an 8. 34% breakage rate and 95.94% section smoothness. For 24 mm X 24 mm strips, strip cutting
speed was the predominant factor affecting both breakage rate and section smoothness. The best quality
was observed at a crank speed of 44. 10 r/min and a strip cutting speed of 183. 10 m/s, with a breakage
rate of 5.63% and section smoothness of 91. 19% , meeting the technical requirements.

Key words: sweet potato cutting machine; segmented; breakage rate; section smoothness
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Fig. 1  Structure diagrams of sweet potato cutting machine
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Fig.2  Sweet potato slicing process flowchart
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Tab.1 Technical indicators of sweet potato cutting

machine
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Fig.3 Schematic of slicing mechanism structure
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Fig.4 Analysis of slicing process of sweet potato slicer
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Tab.2 Encoding of experimental factors
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-1.414 8.69 112. 66 21.29 154. 58
-1 12. 60 117.36 25.20 164.30
0 22.05 129.09 34.65 187.77

1 31.50 140. 82 44.10 211.24
1.414 35.41 145.52 48.01 220. 96
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Tab.3 Results of 12 mm sweet potato fries

combination test
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1 8.69 129. 09 14. 00 96. 11
2 12. 60 140. 82 10. 65 95.97
3 12. 60 117.36 11. 065 94.56
4 22.05 112. 66 10. 01 93.41
5 22.05 145.52 11.59 94. 65
6 22.05 129. 09 9.91 96. 00
7 22.05 129. 09 8. 65 96. 08
8 22.05 129. 09 10. 02 96. 15
9 22.05 129. 09 8.95 96.27
10 22.05 129. 09 9. 66 95. 87
11 31.50 117.36 18.58 94.50
12 31.50 140. 82 22.41 95.10
13 35.41 129. 09 27.77 95. 56
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P <0.001, &2 A 2%, KL P >0.05, KAUA
B3 YOI RIS 5 SERRAHAT
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Tab.4 Analysis of variance for various evaluation

indicators of 12 mm sweet potato fries

TR w P ey P
b R i3
BRI 420.94 5 84.19 347.04 <0.000 1 **
x, 187.64 1  187.64 773.48 <0.0001*
%y 3.97 1 3.97  16.38  0.0049*
%)%, 4.49 1 4.49  18.51  0.0036*
i 224.77 1 224.77 926.52 <0.0001**
Y x? 2.85 1 2.85 11.76  0.0110°"
i3 1.70 7 0.24
KB 0.24 3 0.08  0.22 0.879 7
2 1.46 4 0.2176
MOA 422.64 12
f1 70 9.24 5 1.85 104.17 <0.0001**
X, 0.3694 1 0.3694 20.83  0.0026"
X, 1.78 1 1.78 100.33  <0.0001**
%, 0.1642 1 0.1642 9.26  0.0188"
X 0.0615 1 0.0615 3.47 0.1049
Y2 2 6.92 1 6.92  389.9  <0.0001*
%2 0.1241 7 0.0177
JPl 0.0305 3 0.0102 0.4348  0.7401
2% 0.0936 4 0.0234

B 9.36 12

T = KON L3 (0.01 <P <0.05), = KR W 2%
(P<0.01), N,
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Xy x, x, XF B AR R EE I A B, g X B A%
SR K 2, 6F T A% R R W 1) = BT R x> x, .
2y 0 o o ) TP B R A S o, X ) T
JE ) S ) X ) TP K R R 0 R 3, ) T
AL PR ) R E N v, > a0 SIBRREZ RN B3
2 A5 20 Wl 5 1k

Y, =126.02 —3. 53x, — 1. 35x, +0. 0lx,x, +

0.05x> +0. 0054 (16)
Y, = —34.98 +0.26x, +1.95x, —0. 002x,x, — 0. 007>
(17)

3.3.3 12 mm A A g Rl i o3 A
AR [ U1 A58 280 5Je A 4% DR 3R =2 1) 28 B AR JH R 0 1Y
Wi o7 fi T A P 14 FT R o

S 126.
122,057
H7.3607 e
(b)
14 12 mm 28 5% [ A % S0 040 2% T 188 X 45 37 41 48 A 1)
28 H 5 Wi

Fig. 14 Interactive effects of crank speed and cutting speed on

various evaluation indicators during 12 mm sweet potato fries

i AP 2 R D) 2% S BE X 12 mm B AR T AROR Y
SCH WA 14a Jos o A % 00 K, M 2% 3 0
/N 5 R, 5B R T — B 2 A A
12.6 ~15.3 r/min B}, Y] 558 B 38, W 45 R e/
Jo GO, iy AR L R RN LD R R A, VD AR
PR 5% 2l I, e 0B v R T U0 058 3l Wi 4 R T
Wof: Bl ok 252 Ol i o 1 R, T 2R R B 2 R Y

AR 3 15.3 ~20. 7 r/min B}, W7 25 584015 24 i
WiE 3 R 20.7 ~31.5 r/min 5, B) 4% 58 8 48 K, K7 4%
UK, B AR R = A R R R, VIS
R AR 4T B R

AV 2% S 0 D7) 4% B X 12 mm 2 2% ) 1 O 4
B 28 BB A0 14b BT R, M U] & E N
117.36 ~122. 05 m/s B, A 0 348 A, ) T O % i
B/ H AR AE | B ) 2%l BE ARG, V) 4% 0 % 41 38 2%
U1 THT Y- R R S MR AR Y D) AR URE Ol 122,05 ~
140. 82 m/s W}, AV &% 2 18 K, U1) TP 88 B2 U0,
) 2% B A A, VD 2% 0 S BRI 1 4 R K, )
J AU TR R s AR R S RN R
OB, U) S E B BE K, ) T 3R B S B R
AN, HERR A — 2
3.3.4 24 mm FHFEH AL LT

24 mm B4 o0 R B1E IE A HERE A A 8
gi gk 5 iR,

x5 24mm BEHAGRBER
Tab.5 Results of 24 mm sweet potato fries

combination test

MW ORRE v/ AR, DT
7 (r-min~") (m-s™") % KL/ %
1 21.29 187.77 5.00 93.28
2 25.20 211.24 7.46 88. 84
3 25.20 164. 30 8.53 91.88
4 34. 65 220. 96 6. 68 88. 84
5 34. 65 187.77 6.79 89.44
6 34. 65 187.77 6.59 89.05
7 34. 65 154.58 10. 71 83.27
8 34. 65 187.77 6. 65 88.97
9 34. 65 187.77 11.03 89.02
10 34. 65 187.77 6.70 89.28
11 44.10 164. 30 7.55 92.23
12 44.10 211.24 8.26 87.25
13 48.01 187.77 4.89 92.43

BV AR AR T 2= AT an 2R 6 Frow, [nl I AR R
P <0.001, Wt 2.3, KU P >0.05, KA
F L ULIIBI S PR M AT o a0 g L X BT SRR
S A A S 2 o T BT 2% 238 T S i S KT BT 4% 8 5 T
1) E R R 2, > x50

2y s X R ) TSP R A ey e
YT V- R B 52 0 3, R U TP R S e ) S I
FH %, > %0

S B e AN 2 L3R L A 3 [l H 7 7 oy

Y/ =143.84 —1.51x, +0. 02x,x, +

0.01x> +0. 004« (18)
Y, =33.00 - 1.18x, +0.91x, -
0.002x,x, +0. 02x> — 0. 002« (19)
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Tab.6 Analysis of variance for various evaluation

indicators of 24 mm sweet potato fries

W iz P B

EEL T 3 Al IS o g d
A 40.75 5.00 8.15 2165.39 <0.0001*
X 0.01 1.00 0.01 3.94 0.087 4
X 0.08 1.00 0.08 21.88  0.0023*
x3%, 0.80 1.00 0.80 212.83 <0.0001*
, 2 5.13  1.00 5.13 1363.18 <0.0001"
ni x2 30.76  1.00 30.76 8174.18 <0.0001*
%% 0.03  7.00 0.00
1) 0.00 3.00 0.00 0.31 0.8206
2 0.02  4.00 0.01
MO 40.78  12.00
iR 80.73  5.00 16.15 135.46 <0.0001**
s 0.74 1.00 0.74 6.21 0.0415°*
2 32.65 1.00 32.65 273.93 <0.0001*
X3%, 0.93 1.00 0.93 7.83  0.0266"
, x? 28.08 1.00 28.08 235.56 <0.0001*
2 2 12.63  1.00 12.63 105.92 <0.0001*
%% 0.83  7.00 0.12
ES1) 0.60 3.00 0.20 3.49 0.129 4
BP0 0.23 400 0.06
MH 81.56  12.00
3.3.5 24 mm B4R 56 0 i o BT

i A7 % R 2% T BE X 24 mm 3% W 4% R 11
SEH YW 15a s o 24 U0 4% 80 BE 8] E 78 A —
IR I AP 5 S 3 O DB 4% R e 0 R el /) B
D) 2% 808 1 O, AP A T T AR R OC &R ol £k b
A ARG 7 1) S v Y ot A B i B 5 2 il A
B[ G TR e — S I, D) 2% R 4R BT 2% R S T
JIN R T o B R, D) A% R M AR R OG
B 2R IR 2% R 0 {07 ) AR B U 2% o i
o 1E M AHE O 25,2 ~27. 9 v/min Y] 558
179.95 ~195. 60 m/s Fl i #5418y 38.7 ~44. 1 v/min |
P) 4% B R 172,13 ~ 195.60 m/s I 3 75 % A% b
HE

I AP S 1) 2% B X 24 mm 3 2% 1) 1 P R
JIE 1 238 FLS2 0 R 15D TR o 24 1) 4 R i 7
— IRV o A e A, D T - R R S e/ e
R 5 2 FHIAVG B 38 o 5 A S — KOV B, U0 A R RE B R,
DT V-8 R 0 AP e s 0 R, D) 2k
DT V-8 B 5 AR iy £ Hp U T - R JE e (LA e IR
M U) SR I B o 24 AP % 38y 33.3 ~41.4 v/min |
PI 4B 201. 85 ~ 211, 24 m/s B 3545 BAK B 1
3.4 SHMANK

AR T 5% 38 5 170 1T F- 8 26 2 2% o i 5 ) o

(b)
1S 24 mm 8 A S 25 5 V48 B
fly 52 7 56 W

Fig. 15 Interactive effects of crank speed and cutting speed
on various evaluation indicators during 24 mm sweel

potato fries
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WG 3R 3 BT 45 2, LA 2R 48 b U e /M AR
IR RO L T = VA C ¥ K Ao e e ) QL N = D 5
11 BAREAL S St TAE S $ii e , B hr s ECh
minY, (x,,x,)
st (12.6 /min<x, <31.5/min  (21)
{117. 36 m/s<x,<140.82 m/s
minY, (%, ,x,)
s.t. [25.2 /min<x,<44.1 r/min (22)
{164. 30 m/s<x,<211.24 m/s
HIH Design-Expert 84 #E47 00 4k 73 4 , 16 1644
12 mm 55 AR L 3 16. 38 v/min (P 555 B
131. 34 m/s;24 mm 255 {iWi%% 3 N 44. 10 ©/min 4]
£ N 183. 08 m/s,
3.5 WIEKE
2024 A 1 7E i E O HLAAR BE 22 0 50 B 5
HIAT BR 2> Rl £ U) 250K 6 B R AT 3 Wl A 30 Tk ik
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55 AR A 16 FiR . EIE RIS HA G 1
APEEME IR IR AR C S E A A R, 12 mm K fE
AR %L 33 16. 40 v/min Y] 253 & 131. 30 m/s ], 22
FZEHW &R N 8.34% Y F 2 Bl 95.94%
24 mm % 5% 76 #h AR 5L o 44,10 r/min, Y] 5%
183. 10 m/s I, % 4% - ¥ W7 4 % 0y 5. 63% , 4] i °F-

4 £

i
o3

(1) Bt X 21 2 Mg 1 K 5y W SR ) [, 503t 1 —
FELE DI A6 HL, R AR Sz 3h i T kAT DD
154 77 4% X 01 2% 04 23 Be bl il 75 =X, S 5 VU 3 18 BE R
i 2 e R SRR AT T 2 SRR R U T - 1

BEPE N 91 19% (E5 RN T FiR .

AR SIIP SPOPS S E R LY bl e Wi BuR’ A u R
32 153K L 5E YD e ) B R0 AN T A A sh R R i,
il V) Ak i #3210 M S B AR R B T

(2) M LB VI SRAE DL AT PERE LS o LAl AT 5%
D) 4% R Dy o TR 3R BT 2% 3R Y- R R Oh
WA AR AR, 4T T 12 mm Al 24 mm 55 0 50K 3R

y ‘i
T w -
(a) FrE265 (b) 12 mm 2 (c) 24 mm¥ 4 IR A A5, 08 T 6 12 mm 28 4% W 2% %8 52 i)
16 B3 26 540 B A 41 ) 4L V1A R R

AP SR T U0 2% L, ) THT Y- B B 2 W ) 4 R R
Tl A 5 T 5 S 24 mm S % KT 2% R ) TP R R R
Wi 3% Ay 1) 25 3 JEE DR T HiT A 5 K

Fig. 16  Cutting effect of Jishu 26 sweet potato on

sweel potato cutting machine

®T WIEHBER (3) 43 H7 T 470 il e 3 b 40 45 o 19 52 I S
Tab.7 Validation test It: = . 5 B2 [N
? AICaTIOn Tes” et DL S /NS ER 48 b R AR e 0 i PR 2R 4 4 O HE AT

12 mm 4 24 mm %4 S N e .
R RIGIEAE, 12 mm 2L AF i 16.40 r/min . ¥
h Wk WEE GAE BE DN GAN R?ﬁ% %Tf@*ﬁf{‘ e 5
Y5 e mimsn bon %% ED bE/% ol B 131.30 m/s B 3K B 5 4, 0 B W A RN
1 8.26 96.23 7.36 5.47 91.33 6. 11 8.34% , Y fi V-4 & o~ 95. 94% ;24 mm ZE 5 AE #h AR
2 8.00 95.68 7.26  6.33  90.78  6.91 L3 44,10 v/min ) 555 BF 183. 10 m/s BT 15 3] %
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