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g FLIIHE , Fe/N ok 3 mm. S 32 FE AR SN KA
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Fig.1 Measurement of main lotus root shape

and cross section size

SR R KR AR

AR T FE RS AR R 25 B oo 20K, T [l 5%
DIH SR, it — R e d [l 5 ML AN TE A2 P e
DYBIBLR L S0 [l e AT IE 26 BB, 25 &1 2 iy
o HHR e Rl B AT Hh [8]E e fp I 8] L AL A%
A AR AR VTEI LA i 25 B T) 84T AL 3
B EE R IR G P AL AR S B
B, LB I1 5 1B AT JVESAT S T1 3z m R
g

1.2

1. % K2 J] Peeling knife; 2. JJ i # #F Oscillating lever for peeling
knives; 3. 411 J1 5.5 Torsion spring; 4. #% 3l [ 2 £ Fixed pin; 5. # 5l
Slide rail; 6. 22T Screw; 7. J] 4% Knife holder; 8. 2 it Hi #]L Stepper
motor; 9. HLHL [E % 4% Motor fixed bracket; 10. &3 Hi #L Alternating
current motor; 11. [& & JK Fixed claws; 12. £ #§/A& The main part of
lotus root.

2 HEEXGTEEREER

Fig.2 Matching peeling mechanism

Il % S5 B 2 B e B AR SRy < 7F Je 47 U]
S EREALLT PR ERE) , LA s FEIR 5 2 5
1 oh 22 AT HUR 3R 347 T R M Al 1) B 2, £ 41 7 94
FAEMT A S £

ES IE RS ORI INS/S XL e WL £¢2

RGIPE S IR

DEETT. B b R T] £ KT,
9K 7] 25 Bz 0 phy R AR ) R 2 e JAE S 4 PRI B | 3
PIRETAF LM (B 3) o MRS A0 I 4 e 45 21 A 3=
FEAR DY U158 B Ol 7T~15 mm, 454 2505 R w1 2
SR B9 25 Bz T 70 2420 7 mm AR 4R 22 2 R
~F B JIAR K E 9 30 mm,

1 2 3

1. % $ B Connecting socket; 2. [#3 J] A Circular blades; 3. BRIESZ
3t Depth-limiting support block; » A IR I A 248, mm;z k25 57
JEEBE , mm. 7 is the radius of the circular blade, mm; ¢ is the peeling
thickness, mm.

B3 ESNERET

Fig.3 Circular peeler
Sy U, 2 B ]2 B IR EE AT, 25 R
TR B/ NFLIIEE R 3 mm , OBEE BRIE 25 R R 1R
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(DS, R BRI 22 BCHERE , mm s 2, A FRIE 25 B
JEEE  mm. (DA B8 25 9 9.8 mm,
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S e A EAE R . R, S AR SO L] SR
Z2HC N 5 ) FE R AR A RO, S AN 4 TR
B, 25 BN T, SERE I B 1% S PRIERS E
ZB BRI RAE o iz b ERETERZ T, e
TEFE e b O AR AR IEE , 28 Pl O, A FR iT A
SRR T EL R 25 B R, W T BT I AR AT Bl
0 O, 5 O [ —E JUA R &R L 13 O, 4 (20, 30)
WV ARFFA2 S 0 O, A BR B 2 -

‘yo‘<|10‘

g<|yo|<H (2)
K
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y, d,
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i ] ) Fig.5 Depth-limited support block structure
0
N o V8T B AFAE P9 U1 LA R D LR SR 5
= $ IR (4) 6 R AT IR TR S P A M RS

2o ARG OB AR , mm ;v AR T O, A FR , mm; 4,0
B O, 5 %88 B Fue O RS, mm; 4, )T BAEFFK S, mm;
Ly B TR mm s 4y BT AR Bl R0 28 T7 H ) 14 fik s
mm; H YRS, mm; K 38 565, mm; o N T HIIAA, ()50
TR A, () sa BB SRR, () 5y BT O Y1E Y]
LG aoANEmISH, C);p gL SUIA G EL O,A 518
O,B¥ff, ("), x, is the horizontal coordinate of the swing center
O,, mm; y, is the vertical coordinate of the swing center O,, mm; /,
is the distance between the swing center O, and the rotation center O,
of the lotus root, mm; /; is the length of the tool pendulum, mm; /, is
the length of the peeling knife, mm; /; is the distance from the swing
center of pendulum to the contact point of the cutting edge of the
tool, mm; H is the height of the lotus root, mm; K is the width of the
lotus root, mm; ¢ is the angle of the tool ¢ is the cutting angle of the
tool, () ; @ is the rotation angle of the lotus root, (*) ; a is the maxi-
mum angle of swinging of the pendulum, () ; ¥ is the angle between
the tangent line of the cutting point of the blade and the x-axis, () ; 8
is the angle between the line between the swinging center and the
point of cutting, O,A , and the angle of the pendulum, O,B, (*).
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Fig.4 Peeling model of main lotus root
mm ;L AR L O, AR FR A4 XS E, mm. AL,
[1@?%/@1
H
|yol<ti<| 3|+ (3)

FRAE SR 55 MG A5 IR, WL £, L0 5390 N
65,60 mm, & i A5 H 4, i 88 mm, 60<</,<<100
mm, 19</,<34 mm, ¢ & % & L. L 5 W~ 85,
30 mm,

3VPRUR S HE Y . PR 2 B VR B, B 1k i i D)
HIlLPE 25 TR BRI S e s fE Ll firp, J)
F T R BR R S A s 2 5 SR A1 2 K A ik, R B
VIR TN S TT 2 o 25 D8 38 3 1 3/ DR (50 A
I, Ul /D2 i BT 4 T T SRR BE 1 BR R S
YR N 5 FrR i B A A

d,<<2(r—t,)

4 (4)
he <1z

K Hd, HRBE L HEYCLT ER, mm;h,
PR S s B, mme RIS, o L 530
7.2.85 mm, ¥ FIRSEUERAR (DR, A, 535
10,6 mm,

D) JEFFNE o JeREHURG o BN HEFT i G A [
FESERE SRR ET VA S LA AL, SR A S
FERET 2 Je ke NI R (1K1 6) . SR JS Ry
S5 /N B AR T L 24 Ry 40~50 mm, PRIt , % e
FEA N 40 mm, JHETHE B A 35 mm.

1 2 3 4

1. B #EAT Pneumatic pusher; 2. Ji# %% % Rotating disk; 3. & 72 18
BE Nut; 4. B2 i T Tight pins; 5. W3 HLHL Alternating current mo-
tor.

E6 EFEEHENM
Fig.6 Lotus root holding mechanism
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0 E<pg<r) ~ 2(S)=N:p (10)
T o T :i:1
z As N —1

$= ar (5)
(9*7T(7T<(9<7)
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cosLOlAOz—izlsd (6)
p=F+ty+ LOAO,—¢ (7)
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A a‘x (8)
( 132+d27Z02 )7
arccos 721%1 ¢

t BB SC R AT A, AV o SEEREINE RSE [,
Ly Ly dER BV FR, EAYIMAETIE 5 5 i
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1 o — N 20~40° 1T R AR (5) ~(8) B, A
ifF 75 i A U0 A8 AR LA 31.87~36.81°RF , il & 2=

2) P S FERE R L . S ) B A B Bl K Rz
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T

E7 TNNEMEBHERTEE
Fig.7 Schematic diagram of tool axial
movement for peeling
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B8 EER&EZFEAK
Fig.8 Bench test of peeling lotus root contour
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S50 R AR 2R TG, B A 2 e 2 R R RE Y 3
D EERER B, 22T o, HE L AR
ro. MR B DR R WA R 45 T, B I R Y
7K FF & Box-Behnken & 56 (fij # BBD) . A1~ F 2%
TEH 37K, i PR 3R KoKk 1 .

F1 KBERKER
Table 1 Test factor level

o , BLFTER/  CHELAR/
K A JEFEREH/ (r/min) .ﬂ:%l— i jq
(r/min) Screw mm Spring
Level Lotus root speed .
speed diameter
—1 70 50 1.4
0 100 70 1.6
1 130 90 1.8

2)TF AR bR . DA R F I R R 5Pk
VA AR AR, K 25 B M BEHEA T PE AN I X T4 S 4k
Frthitk . 2R R Mt ) A Y,

G, — Gy
G X 100%

(1) Qs N BB R 2, %0 5 Gy Ry 2 B i 3
R kg G ol R R S RS BT kg .

TE R Acinz(15) iR o

At=|t—t,| (15)

K (15) s Az & B2 JREBE 25 mm ¢ o 38 12 )RS
mm; 4, MRS R RS, mm,

Ryt Ak 2 B SR EE A S B R A () R B 25 44 X[l
AT RN oy, BB SR 228 0~0.2,0.21~0.40,0.41~
0.60 FK T 0.6 mm I HAME 73514 3.2.1.0, F 5%
JEL PR B4 50 B e BR AN R Oy 2 a0 Y U 52 R
JE 1, VU R 1.5~2.5 mm, R 2% BGE 8 T ) ELaH)
IR A% S Y, T LA B T ) B ATL AU 18 mm
ANBE, B PR A B T 1) 34 4 1 6 B, BB 2
3 mm P o LR ¢, $e B AR 2 1S L BHE Y, Wi 4
K857, YK, RIS PR 4

2 FR5HMH

21 BRABER

I T R R ML 2R, BHARKER 3

1) R R S . 2 B VR 34 50 1 T N A 7Y
7 2253 W4 54 A =0 (16) ML 3 in . e
A P<0001, A Goil2# 78 X, 3 K/ MR R 358
B MRIEAAR LT, R B P>005, A
(3), 50 AR5 T R 2 X e 25 R 52 /N, 1%
TSI AT A Sy S 2 F TR B 1) 5 P v P A 8

Qs= (14)

%2 ARRRARSER
Table 2 Bench test scheme and results
MRk, IR g e
Fe (r/min) (r/m}n) o i) Lﬂﬁi
No Lotus root Rotating Spring  Uniformity /%
rotation speed of . Loss rate
speed <erew diameter (value)
1 100 70 1.6 18 9.81
2 70 70 1.8 9 12.36
3 100 90 1.8 11 15.63
4 100 70 1.6 15 12.33
5 100 50 1.8 13 14.59
6 130 70 1.8 13 18.18
7 130 50 1.6 9 16.17
8 70 50 1.6 10 11.50
9 100 70 1.6 16 11.29
10 70 90 1.6 8 7.56
11 70 70 1.4 8 5.32
12 100 70 1.6 17 9.93
13 130 70 1.4 10 8.60
14 100 90 1.4 11 4.69
15 130 90 1.6 15 14.23
16 100 50 1.4 9 10.94
17 100 70 1.6 16 12.16
*3 EREEHSEFTESN
Table 3 Analysis of variance of test results
S :Fﬁﬂl 1 ¥or
Source Quadratic ~ Degree of ~ Mean F P
sum freedom  Square
A Model 173.86 9 19.32  18.78  0.0004
A—A 18.00 1 18.00 17.50  0.004 1
B—B 2.00 1 2.00 1.94 0.205 8
c—C 8.00 1 8.00 7.78 0.027 0
AB 16.00 1 16.00 15.56 0.005 6
AC 1.00 1 1.00 0.97 0.3570
BC 4.00 1 4.00 3.89 0.089 2
A? 50.12 1 50.12 48.72 0.000 2
B 25.27 1 25.27 24.57 0.001 6
(e 36.64 1 36.64 35.62 0.000 6
B2
Residual error 720 ! 103
ﬁfﬁjﬁtem 2.00 3 0.6667 0.5128 0.6950
%22 Error 5.20 4 1.30
ST Sum 181.06 16
Y =16.40+ 1.50A + 0.50B +
1.00C 4 2.00AB + 0.50AC — (16)

1.00BC — 3.45A% — 2.45B° — 2.95C"
it — ARG A DN ZR 8] 52 AR B -5 ) o fEL )
K F 18 M Design-Export HF 53 745 2 1285 8 14 1
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N, AN 9 TR . AESEARTHERIN, 3 E A&
P 5 B, S 2 f 34 A BE R Ay 2 IR 22 AR T
B, e RGNS RN . T2 R DR R Y R i I
AF, S 2 B U #) E AAIR, B BEL T AR L
SRR BN ITE 1IN B B T X R R
TG A B 22 R K B R4 . Y ) i 2 de
LGNNI DN C WINIDS LS Y SuR N
H i FEHRE AT, SFEOE LA KK
JEEFE R AT 8 BT ma i i o AT A5
DK 25 22 AR FH OV 3 i 2 Bz TR B 4 ST P A s ), A5
TEFE L 108 r/min  ZZAT 5% 38 74 r/min ] 5L

Y,k RSB

Peeling unifor

=
Y3 B

Peeling uniformity

e}
YA
Peeling uniformity

> — ~ A W
Ky @/ o = 7 y S
De Moy . 5 NS of
Cq, iy DR 1}@%\% !
Sez, 9

A Z2FF553% 70 r/min Rotating speed of screw 70 r/min; B : #3548
%% 1.6 mm Spring diameter 1.6 mm; C: 3% #§ % 3# 100 r/min Lotus
root rotation speed 100 r/min.

B9 XEEZXNERHIEZME
Fig.9 Influence of interaction factors

on the peeling uniformity

1.6 mm B, SRR 25 B 35950 B A (B fe s, F0I A
16.7, 5 BEAEhT W R BT TR

2) F R 5 R B AR AL Ky 2
Bras B AR A7) M4 PR, hFELA5H, 1
B P<<0.001, 47 o255 3, 1 35 M R/ MY Ry i
TRAR GEFBIL R 2L AT HE T, R LI P>0.05, AN
F IR0 R A PR 2 X SRR /DN TR
AR S R 25 B AR SR T A A

R4 EHBREEHESWESR

Table 4 Peel loss rate test results of variance analysis

L
Source Quadratic  Degree of ~ Mean F P
sum freedom  square
1575 Model 209.63 9 23.29  23.62  0.000 2"
A—A 52.22 1 52.22  52.95  0.0002"
B—B 15.37 1 15.37 15.59  0.0055™
c—C 121.76 1 121.76  123.45 <20.000 1™
AB 1.00 1 1.00 1.01 0.347 5
AC 1.61 1 1.61 1.64 0.2417
BC 13.29 1 13.29 13.47  0.008 0™
A? 0.88 1 0.88 0.89 0.376 7
B 2.72 1 2.72 2.76 0.140 5
(o 0.84 1 0.84 0.85 0.3877
fefdual error 690 ’ 0-99
I\g/‘}fgtﬁierm 1.20 3 0.3995 0.2801 0.8380
%22 Error 5.71 4 1.43
S5 Sum 216.53 16
Y, =11.10+ 2.56A — 1.39B + 3.90C +
0.50AB + 0.635AC — 1.82BC + (17)

0.457A% + 0.804B* — 0.446C*

e KA T 2P i R S AR
AE B R R L (17) 15 0 25 e 4 e oy
11.6% , i R THESK .
22 RESHWIEKE

A% BBD 5015 1 i e S50 & PR SR
IR . R ETEF L H 108 r/min 22543 74 r/min .
L EELLAR 1.6 mm, LAY PEdE B94ME R
70~75 mm R IAT R B, LB RCR W E 10

S IRE AR ANE S PR . SR IR LR =

E10 mESBEBERMR
Fig.10 Optimal parameters peeling effect of lotus root
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Table 5 Best parameter verification test results

it S]]y
G /s G/ G/ S,/ S/ Q/ Q/ (i)
No. .. g g mm? mm* % % Uniformi-
Time
ty(value)
1 16 300 263 28040 1703 93.93 12.33 16
2 16 296 260 23440 2171 90.74 12.16 17
3 14 265 239 22376 2200 90.17 9.81 18
4 14 272 245 21557 1263 94.14 9.93 16
S 15 275 241 22993 2586 88.75 12.36 17

88.75% \F L F<12.36 % KW IH L E=164),
F R TAES B0 LT 2R
3 W i

ARBFFE T T — i 3 38 [l 3 U5 25 e e
HH &4 [l i LA Fn 41 52 245 T D0 I FLAS 4 A, i e
T HCHETRR RS TAES B i KRS
JEVEH I, T A bR, 45 A R R A8 bR, LLGE
Rl R (RS Bl ) ) L
K2, W1 T = 2 = KF Box-Behnken i 7 [f i
B, 45 R B, 3 A F% 5 108 r/min . 22 AT 5% 3 74
r/min 7 LR 1.6 mm, SRS T 5 B )
Sy, TN 16,7, HES BT B2 B HERE SR UE
RIS R R, KA 16.8 R KR =
88.75%0 KR H<12.36 %

ASBIFFE T 0% 3 8 (] 5 X T 25 iz 2 18 X S
M EAT AIE N AR T, AT SRR Y e, &
B SR N B 8RN T2 o (B RFad ok
ST /NI BT Y A A IR E AR A
B REOR AN IR R JE AR R, R S A AL
L A5 T B S WAL S N 1 R B i — 2GR
FeF KR RAR 2 B ik %
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Design and testing of a rotary contour peeling device for roots of lotus

ZENG Rong, CHEN Yaxin,ZHAO Zhuangzhuang, LIU Wanru,
TANG Nanrui, CHEN Liming, ZHANG Guozhong

College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equip-
ment, Middle and Lower Yangtze River, Huazhong Agricultural University, Wuhan 430070, China

Abstract A rotary contour peeling device consisting of a clamping rotary and reciprocating contour
cutting was designed to solve the problem of ineffective mechanical peeling and the reliance on manual labor
in peeling the roots of lotus. A theoretical analysis was conducted on the key components of the device and
their relationship with the rotary speed. The radius of the arc peeling blade edge, the shape of the depth-
limited support block, the length of the cutter arm pendulum, and the ratio of the rotary speed of the roots
of lotus to the screw of the stepper motor was determined to be 7 mm, a semi-ellipsoidal cylinder, 85 mm
and ranged from 0.51 to 1.03, respectively. Elian No. 5 was used to conduct a Box-Behnken response
surface with the uniformity of peeling and the loss rate of peeling as indexes and the rotary speed of lotus
root and stepper motor, and the diameter of torsion spring as factors. The optimal combination of parame-
ters was determined to be a rotary speed of lotus root of 108 r/min, a rotary speed of stepper motor of 74
r/min, and a diameter of torsion spring of 1.6 mm. A verification experiment was conducted under these
conditions , resulting in a removal rate of lotus root of =88.75% and a loss rate of peeling of <<12. 36%.
It will provide a reference for improving the design of peeling machinery for roots of lotus.

Keywords roots of lotus; contour peeling; peeling blade ; mechanical peeling
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