20224 10 A | A R A= 5§53 % 5510 )

doi:10.6041/j. issn. 1000-1298.2022. 10.016
ODREEERRFERTEXE

EHA EmE B %k £ FEET FEEY
(AR BT 22 4 T 5 e FE 22 B, 11 2550914
2R T 0 B R T RAE AR5, B 253600,
3. R BRI 3 AT R 7, 8 253600)

T XS B N S R AR LT B R AR I AP TR I R AR R AR K L B e A AR A AR AR A ) AL, R
P S AR A s I B AR R 4R v TR R B AR E M o TR b AR b X R ARR BUEAT T A BT, il X E
S A OB TRAR Y A BT B GE T S5 R0 S8, T I TR o ke A% 1 AR A G B TR 3R R IBUMEL S R L K R R L 5
TR B DL R e A% v B g e PR, DR G M R B AR A B R g i 8 AN 48 B, A5 B B Design-Expert
10. 0. 3, 5% H Design — Behnken HEAT = [ 3 =K Pl , X i 46 25 SR 2R 47 05 22 20 M, e 3o mi o7 77 3 8 0 A7 17 4% 28 L
PRI 2R 0 a0 6 A 1) 52 T LA, X o A AR B I S5 DL T AR S BGHEAT AL, 65 G 9B T OU A S 2% PR R d A ERE
TE ML AL AT S U 5 G WA, R IR R W, R AU 0. 44 m/s BIVREARCA B 62.3° kAR
JE 2 496. 1 mm I, HFR 3 A% 5N 97.32% MR ARN 1. 22% i AN 0. 94% o X L2400 L5 19 B {E, S5
EHE IS EA AR ZESHIN 1.23% 2. 40% 2. 17% , 3 BIA G2 5 3 4000 B 4w T 2R AR M R TR 4 e 2R 4 A AL
R [a) i vk 2 1 Bz A A 2 A A A

KB D, AN ERCRARE S MR R ,
hEsSES: $229.2 XHkARIRAD: A XEHS: 1000-1298(2022)10-0156-11 OSID r@f‘-%}‘ j

Design and Test of Potato Quantitative Weight Bagging Device
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Abstract; In view of the problems of unstable measurement, large packaging damage and low packaging
efficiency in the quantitative packaging of potato quantitative packaging machine in China, the principle
of S-type tension sensor was used to weigh, and the weighing accuracy and stability were improved. On
this basis, the structural design of quantitative packaging device was carried out. The structural
parameters were determined by analyzing the key components of the quantitative packaging device, and
the key factors affecting the packaging performance and the range of values were clarified. Taking
conveyor belt speed, drainage plate angle and bagging height as experimental factors, weighing qualified
rate, peeling rate and potato injury rate as experimental evaluation indexes, with the help of software
Design-Expert 10. 0. 3, three factors and three levels experiments were carried out by Design — Behnken,
and the experimental results were analyzed by variance analysis. The influence of various interactive
factors on the experimental indexes was analyzed by response surface test. The structure and working
parameters of the quantitative bagging device were optimized, and the optimal value of each factor was
determined according to the actual working conditions. On this basis, five quantitative packaging tests
were carried out on the test bench. The verification test showed that when the speed of the conveying line
was 0. 44 m/s, the angle of the drainage plate was 62.3°, and the packaging height was 496. 1 mm, the
qualified rate of weighing was 97.32% , the rate of skin breakage was 1.22% , and the rate of sweet

potato injury was 0. 94% . Compared with the theoretical value after parameter optimization, the relative
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errors between the measured value and the theoretical value were 1.23% , 2.40% and 2.17% ,

respectively. It was shown that the quantitative bagging device improved the qualified rate of bagging,

improved the efficiency of bagging and replacement, and reduced the damage of skin and potato.

Key words: potato; bagging machine; quantitative bagging device; S-type tension sensor
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Fig. 1  Structure diagram of potato quantitative

bagging device test bench
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Tab.1 Main technical parameters of potato

quantitative bagging device test bench

4 Ko
R AR (K x 58 x )/ (mm xmm xmm) 3250 x 1 130 x 1 500
R A kg 2200
U L LT R kW 0.75
BT v 28 4% T i/ kg 30 ~ 60
RAEAS O HE /A 5
BT AEASOR/ () 15 ~18
{4 I S U8R 1/ MPa 0.4~1.3
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Fig.2 Work control schematic
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Fig.3 Schematic of bag clamping mechanism
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Fig.4 Motion diagram of left side mechanism of pocket
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Fig.5 Action diagram of opening and closing plate
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Fig.6 Stress analysis diagrams of nylon bag
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PR 22 2 8y B % ol R L 5 A AR R E 4%
2 AR ME NY/T 1130—2006 { 5 £ 35 i 48 Hl
B NY/T 648—2015( 44 B IR HL T = 3F A B R
L) LA S DB15/T 1418—2018( B 44 B Al S fE €
EFARAR) PR B R n, TR g, MR
 ME R Th A% S 5 i R AN B WP 8 A% o
3.2.1 FREGHE

27 H i fifh 7 8 1T 3 U T 1) T S A4S T A,
ARG LA 30 kg Sy 4% T 8 A A% bR offE I o, LT
AR UES E N +5% o AR 5 H B T FEFR

AN DR AR AT R TSR E
B HELS BT B AT LU X, Y BT iR 2248 5% LU, B
BREEAE BRI I A SR E SRS,
5 IO AR S AR AR S, 10 LU AR, DA T A5 B AR B A 4% R
nmHN

Sy
n, = =2 x 100% (18)
S,

3.2.2 BEECRAIER

XF T BT R B, B A A I A i T A
Bk A Bk, A K 5 5 D E i B T A
WO SO TSN S i B LA
MR, R A s N0 5 5 Bz o7 B Ak 1) PR A ol T R
o, TS R T AR, R TR AR T 0.2 em” 1 5 B
WL B0 e B % T 5 400 7 U ) AR 9 s R RO
PR BB B B LA AL U5 R R, 00
s WG LS 5 B A% B AR DL KCRS ;i 22 5 LK
KHEGERER " gt 5 WEZ AR, KA D
ARSI 3 A A O A ARG

i 3 AT A BT AN A% Y T A B R S
S0l FH R TR B R 45 B A B S A3 A R, il
IS AR TR BT T 2 L, 15 BB R 0,
Tt %, , LRIA SN

My

772=]W

x 100%
(19)
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3.3 ABRERSHH

iz # 4 Design-Expert 10.0.3 1 Design —
Behnken 2] & ¥ 1%, DL Fik 3 > FEHE R Bl
e, B SR AR R R
e 2 Pron s 77 S AR I 3 fros et ATy
17 B . o B SL I FE bR PR BB 6
B B2 5y AR 55 5 DR 3R 5 | A A 5
R R R R AR B 2 ) B RO AR R 15 B AR A
TEPR I 2 o0 & AE M IH J7 7, R AT B R R S
W] R T 23 AT, A 1 36 PR30 6 4 s 4 e R AR

F2 RBHEERDT
Tab.2 Coding of test factors

IES
g MEREEY,/  SmmAE | ERBE X/
(mes™) X,/(°) mm
-1 0. 35 60.0 350.0
0 0. 45 63.0 450.0
1 0.55 66.0 550.0
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Tab.3 Test plan and results

FE X, /(mes™) X,/(°) Xy/mm /% /% m3/%

1 0.45 60.0 350.0 97.03 3.01 2.54
2 0.45 63.0 450.0  97.31 1. 61 1.08
3 0.55 63.0 350.0  96.21 3.15 2.01
4 0.35 63.0 550.0 92.68 0. 67 0.75
5 0.45 63.0 450.0  96.91 1.78 1.19
6 0.55 60.0 450.0  98.18 2.36 1.08
7 0.35 66.0 450.0  90.76 0.78 0.56
8 0.45 63.0 450.0  97.37 1.23 0.94
9 0.45 60.0 550.0  93.81 1.28 0. 86
10 0.45 66.0 350.0  94.36 2.36 0.82
11 0.55 66.0 450.0  93.21 2.41 2.13
12 0.45 66.0 550.0  91.11 0.96 1.54
13 0.35 63.0 350.0 96.85 2.68 1.69
14 0.35 60.0 450.0  94.46 1.98 1. 64
15 0.55 63.0 550.0  96.81 2.39 1.61
16 0.45 63.0 450.0  97.03 1.58 1. 06
17 0.45 63.0 450.0  95.23 1.43 0.96

3.3.1 JrESHr
W4 PR, X, X, X X SRR AR g, 1
SR R, X, X X B G R g, 1 S
il AR B 520 AN 35, bt R B G A R o, 1Y 52
TR Ry 5| i A A B 2 48 v B i ok il TR RE
WA E R 5 e N b TR AT S B S AT 5 22 U
G AR BTN Z I R I B R
n, = —791.40 —41.59X, +29. 54X, -
0.07X, +0. 12X, X, —0.24X; (20)
m#E 4 P, X, X, X, X, X, X X, X] X5 XA
B &, B 52 W A 8 2, LA R Y 5 e R B3,
T X B A, 1R B e S UL Ay B A e BE ik AT
PRPE 5 AR R 7E DL Al 0K R R B TR AT
SR G AT 205, A B B S H A £ 0 IR
8l 5 77 F h
1, =58.06 —104. 97X, —0. 56X, —0. 05X, +
1.04X,X, +0. 03X, X, +33.92X; +0. 004X;
(21)
W4 iR, X, X XX, XX 605 3R, (1
AL ETE I G0 S UL TiE - SN AR TE I o]
AR YR B 2 R SR, (5 e IR
TP Ay 24 42 8 i % iy R BE L 5 I B A R HG A )
ENEA TR NTE e SR S T N TE BTy
SR G AT T 2B A RAB B HEEN £ 0 K
[l 5 75 F2
n, =120.73 —126. 80X, —1.74X, —0. 15X, +1. 78X, X, +
0.002X,X, +19. 68X; +0. 003X’ (22)

R4 MEGHWE BEE, GER ), FESN

Tab.4 Analysis of variance of weighing qualified rate,

peeling rate and potato injury rate

WM r FJr H . - »
L ZO 3 gl B
MR 77.47 9 8.61 9.38  0.0037"
X, 11. 66 1 11.66  12.72  0.009 1**
X, 24.64 1 24.64  26.86  0.0013**
X, 12. 60 1 12.60  13.74  0.007 6 ***
X, X,  0.40 1 0.40  0.44 0.5285
X, X, 5.69 1 5.69 6.20  0.0416*
2.25 x 2.25x  2.25x
7 X, X, 1 0.9879
10 ~* 10 ~* 10°*
X3 1.18 1 1.18 1.28  0.2946
X; 18.37 1 18.37  20.03  0.0029**
X3 1.53 1 1.53 1.67  0.2369
Bk % 6.42 7 0.92
e 4l 3.31 3 1.10 1.42  0.3608
RSiR%E 311 4 0.78
MA 83.89 16
IR 9.02 9 1.00  35.86 <0.0001 "
X, 2.21 1 2.21  78.90 <0.000 1"
X, 0.56 1 0.56  20.10 0.0029 "
X, 4.35 1 4.35  155.70 <0.000 1***
X, X,  0.39 1 0.39  13.98 0.007 3"
XX, 0.39 1 0.39  13.98 0.0073 "
XX 0.03 1 0.03 0.97  0.3565
n X 0.48 1 0.48 17.24  0.0043""
: 1. 40 x 1. 40 x 005 0801
10°? 10°?
X2 0. 54 1 0.54  19.34  0.0032 "
% 0.20 7 0.03
F A 0. 02 3 0.01 0.19  0.8987
RGR%E 0.17 4 0.04
eyl 9.21 16
i 4. 64 9 0.52 19.01  0.0004 ™"
X, 0. 60 1 0.60  22.10 0.0022 "
X, 0.14 1 0.14 5.28  0.0552"
X, 0. 66 1 0.66  24.38 0.0017 "
XX, 1.13 1 1.13  41.81  0.0003 **
X\ X;  0.07 1 0.07 2.69  0.1452
X, X, 1. 44 1 1.44  53.08  0.0002**
X 015 1 015 5.65 0.0491°
X3 0.06 1 0.06 2.08 0.1925
X; 0.33 1 0.33  12.02 0.0105"
Tk 22 0.19 7 0.03
Jeh 0.15 3 0.05 4.8  0.0798
ARGk 0.04 4 0.01
MH 4.83 16
TE e FRIREFMEE (P <0.01) 5 #x KIRFEF R (0.01 <

P<0.05); « £REREEE0.05<P<0.1),

3.3.2 ) T A B
18 A Design-Expert 10. 0. 3 F47 805 40 ¥,
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Fig. 10 Response surface of interaction factors on weight

qualification rate
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W, 05 5 AR B T R A R A0 1 2 B A R
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Zl—‘ﬁt \vEP MR bR 53 B 25 5 LA K 5E e R 52
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maxn, (X, ,X,,X;)
miny, (X, ,X,,X;)
minn, (X, ,X,,X;)

0.35 m/s<sX,<0.55 m/s
60.0°<X,<66.0°
350.0 mm<X3 <550.0 mm

AT RE I BB BR R SR R BRI B R

P B A BT EER, 1 IR A0 i 1671 2 5 | O A A

(23)

s. t.

. 400
“ 350035

(a) X,=63
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PRI 3R 28 EAE X 1 B 38, 2 Wil g o )3, o T

Response surfaces of interaction factors on skin

11
Fig. 11

breaking rate

(b) X;=450 mm
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Fig. 12 Response surfaces of interaction factors on potato

A 12

injury rate
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Fig. 13 Test scene diagram
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