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a. Hirl

a. Axonometric drawing

b. HUGIZs)

b. Schematic diagram of mechanism motion

LATJARMR 2. AT RAR 3ETHORIR 4.5 JIRH S4RARHT 6.0 % 7.
FAF 8AEAT 9.5 10 FENL S IHOE AT 11 MR SHKEE 12,860 135142
1.Front supporting plate2.Front clamping plate 3.Rear clamping plate 4.Rear
supporting plate  5.Bag opening rod 6.Cam 7.Pull rod 8.Push rod
9.Rotating arm  10.Motor and gearbox 11.Bearing and bearing holder
12.Rotation shaft 13.Frame
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BRI IR DA

Note: Point O is the rotation center of rotating arm, point ' and C are the rotation
centers of front and rear clamping plate, point G is the swing center of bag
opening rod, point J; and J, are the jointing points of the front and rear
supporting plate hinging on the frame;Point 4 and B are the jointing points of the
pull rod hinging on rotating arm and the rearc lamping plate, point D and E are
the jointing points of the push rod hinge on the rotating arm and the front
clamping plate, point / is the initial position on the end of the front and rear
clamping plates; Point 4" and B’ are the jointing points of the pull rod and the
rotating arm on the end positions of the rear clamping, point D' and E’ are the
hinging points of the push rod and the rotating arm on the end positions of the
front clamping plate, point H, and H, are the end positions of the movement of
the front and rear clamping; ¢ is the angular displacement of the front and rear
clamping plate, (°); wo is the initial positional angle of the front clamping plate,
(°); foand f are the initial positional angle and angular displacement of the
rotating arm OD, (°); The initial position of the bag opening and clamping
mechanism is shown by the solid lines; The end position of the mechanism is
shown by the double dot dash lines.
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Fig.1 Bag opening and clamping mechanism
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1.Front clamping plate 2.Front supporting plate 3.Packing bag 4.Bag opening rod
5.Rear clamping plate  6.Rear supporting plate 7.Cam 8.Frame
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Note: Point O is swing center of bag opening rod; Point Py and P, are the contact
points between the bag opening rod and the bag before and after the bag being
opened respectively; Point Qp and Q; are position points on the end of bag
opening rod before and after the bag being opened respectively; On the section
U-U, point 4; and D, are contact point projections between two bag opening rods
and the bag after the bag being opened respectively; Point B, and C; are
projections of final position where the bag had been clamped by rear clamping
plate respectively; Point E; and F; are projections of the final position where the
bag had been clamped by front clamping plate respectively; Point / and G, are
projections of the initial position of front and rear clamping plate respectively;
Line LJ is the side projection of front clamping plate; Line JK is the distance
between front clamping plate and the side of frame; Line KM, is the side
projection of frame; Point AV is the end point on the upper surface of the frame.

B2 BRFAAETREH

Fig.2 Schematic diagram of bag opening and clamping
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LSS 2.0 1. Bag opening rod 2. Cam

I OXYZ RAKTHIRR, OX\NZ NEESAF AN AFR R, 0:X0Y2Z, ]
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Note:OXYZ is the absolute coordinate, OX,Y,Z; is the absolute coordinate of
bag opening rod, 0,X>Y>Z, is the dynamic coordinate fixed on bag opening rod;
Point Sy is the contact point between cam and bag opening rod at time =0, point
S is the contact point between cam and bag opening rod at time #; Point P is the
swing center of the contact point S, point Py is the intersection point obtained by
making the contact point S perpendicular to the plane Y,0.2; I, I, and /. are the
coordinate translation parameters from coordinate system O,.X;YZ; to coordinate
system OXYZ, mm; /. is the swing distance of contact point S, mm; F, is the
force direction vector of the contact point S on the bag opening rod, V is the
motion direction vector of the contact point on the bag opening rod, 7 is the
tangential vector of the cam working profile; a is the pressure angle at the
contact point of the bag opening rod, (°); w is the rotation angular velocity of the
cam, (°)'s™; M, N, W and Q are auxiliary planes.

B3 Wi ERIMERILRASEDA
Fig.3 Spatial coordinate system and pressure angle of cam driven
bag openingmechanism
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Note: X>0,Y, is the projection plane that the dynamic coordinate system of the
bag opening rod that is projected along the direction Z>; R is the radius of bag
opening rod; @ is the initial position angle of the initial contact point between
the radius of the bag opening rod at the initial contact point Sy and the positive
direction of the coordinate axis X5, (°); @ is the position angle of the contact point
between the radius of the bag opening rod at the contact point S and the positive
direction of the coordinate axis X3, (°).
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Fig.4 Positional angle of contact point on bag opening rod
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Fig.9 Theoretical design and simulation results of bag opening rod motion
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Fig.10 Experiment process of bag opening and clamping
mechanism

4.2 RWHE
TEHADARIS 25 A B TSR T, ALK S A AL
ez 2 FPEkE R T 2 AiREe, ARG RO
FALEE 10 48, FLih 20 MK ME RS RGN T
FEHA], JEHES TR A . RIeRT, mA TR
FAS AR B IASHLAL AT K 3t

— AN ERE RIS BUSER RS 5
S T, 558 RJE R 7S G [ 4%
HTPRi% 0.5 s JE N F— 3 (P ATELR .

AT AT (3/min) .
n=60/(t,+t, +t, +t, +t, +t,) (25)

Ko 1, AN THUESELSH (A (YR R R BT N T
HUR—4%, WOUE—B/NTEWAE , ss 4, AN
MR IB B[R] O IAS TR IERIED , s5 14N
SN ZE gt [a) OSSP R ED |, s
ta NIFRRFEIAN H], s5 1, NBEBNIFERSTH], s5 ¢, AT
—IRNLTERITIRH A, £,=0.5s.
4.3 RS540

ISP UM () Je a8 5 AR IR UE 0 45 R R, 12
WA AR sk T IR I K RIS, (A ASHLI RS [F] 20 5k
DU BB ARVR AR 1 58 B 7 IR R ) 2K

2 FpIR AN 77 A A HLA ML A PRI [R] ] bl 25 SR
W 2 iz,

£2 ARz RAIE B AIE Al EIRATIE)

Table 2 Operating cycle time comparison of bag opening and
clamping mechanisms under different driving models

RN 1)
T Operating time/s
Working process ASELIKE] HALIRE)
Cylinder driven Motor driven
48 £4% Bag setting 0.36 0.36
S £ R L
FIRFERNE, 1.40 0.41
Phase of bag clamping and opening
FEIAP B Phase of filling material 3.31 3.31
SR . 0al
Reset of bag clamping and opening ' ’
[iti ) +F Follow-up clamping 0.95 0.95
#£1% Transferring 0.50 0.50

& 2 A, ERHEAEEWAET, mAREIRET
Je LN UM 5 P LS ML) I 58 B BN [R] RN 43 58 B B[R] 3y
1.40 s, KA AT R FIEELS AL (A1 L0 11285 JRAR
ABERCEN 7.85 48/min. HLHLLRSN I FE ISP G Fi
TAER AR 0.41 s, [RIFEEAIET[A] 0.41 55 [RIELRE
RFEP ), BRI 3 IR AR ML B T A B[]
> 1.70's, JFRRALEE R E] 10 4/min.

ALV — & AL I DK B i A LA 5
ISHL MR A FE o TR 4558 . MRSt B R4
o, SEELESBIERAS . SASRIEALiEE), (RIE TR E
RIS, TSRS T AR LA A e 2



FE15H

E e

JFRRAL AL R AL (BT 5 X 51

5 4

1) B0 b FE B U5 3 X R E B H s bl et 1

— A AR AR, A B LR Bl S AR LA 5 T R 4
WHSEBEL T Asheds. #AR LIRS ARS8,
BE 7 AR AR AR IS S R . AR B AR
275 R S s 1) M R AU B0 0 FR SR B DT s o

2) MRS E A TR, A EAENL

H AR I s IR B T 5 5 0 o M 4 R R — 2L
BB K IS /N T VR A, e LR AR 2R,
BAIE 1 A AR B A AT AT PE A IE R

3) ARENTT A EE ARG R, EALAKE)

PSRN A FAE H 10 48/min, =T ELAKE)
BN L2, i e A T2 ESR

(1]

(2]

[3]

[4]

[6]

[7]

(& £ x #
EZXRGIHR. ERGHFELE 2021[M]. dbxt: HE S0
fickt, 2021.
TKHE K. T BRI AR B A [D]. £8%: ILH K
¥, 2014,
Zhang Xiaoqing. Research on the Automatic Bagging
Technology of Socks[D]. Wuxi: Jiangnan University,2014.
(in Chinese with English abstract)
FRUIRE. — AR SR A BB R B[], BHOR,
2016(14): 113-114.
Zhang Mingkang. Design of a kind of automatic bagging
machine for fruit trees and apples[J]. Technology Wind,
2016(14): 113-114. (in Chinese with English abstract)
REH, FREC, EEl, 5 AR LN
Wt 5] BRI, 2019, 40(15): 181-188.
Xu Xuemeng, Chen Liuji, Wang Zhishan, et al. Design and
analysis automatic
bag-delivering machine for dried noodles[J]. Packaging
Engineering, 2019, 40(15): 181-188. (in Chinese with
English abstract)
MREC. R e R LR SR BT FT[D]. KBM - g
TolKE, 2019.
Chen Liuji. Research on Key Technology of Automatic Bag
Filing and Sealing Machine for Dried Noodles[D].
Zhengzhou: Henan University of Technology, 2019. (in
Chinese with English abstract)
BRME. A ERELEE ARG MIHHI[D]. Bat: Ba
KRR, 2011
Ma Juanjuan. The Research of Automatic Packing Robot
System[D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2011. (in Chinese with English abstract)
PN, KA, BREUY, 5. RRNUT O 53hEE
BEZPHT[I]. A RE TV RS54k CHARRHRO , 2015, 38(8):
1013-1017.
Sun Minggian, Tang Huohong, Luo Minzhou, et al. Design

of bag-opening mechanism of

and dynamic performance analysis of bagging mechanical
hand[J]. Journal of Hefei university of technology (Natural
Science Edition), 2015,38(8):1013-1017. (in Chinese with
English abstract)

EZE, AR R E T2 B s R LR B[]

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YiZEM, 2016(3): 49-52

Wang Jun, Zhou Dongjian. The design of automatic packing
production line for cone cheese[J].Textile Accessories,
2016(3): 49-52. (in Chinese with English abstract)

2, KE, B, S BTSN S IR ).
ol TREAAR, 2014, 30(24): 38-46

Gu Song, Zhang Qing, Li Kai, et al. Design and experiment
on opening bag mechanism of sleeving machine for potted
flowers[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2014,
30(24): 38-46. (in Chinese with English abstract)

BRE, BN, MEk, % BAEE N EINRITE]S
BI[N]. Rk TRERAR GREREZ) . 2014(9): 32-34,
36, 38.

BvE. A A s R E RN 2 BT 5 R G0t 7T[D).
K WAL TR, 2016.

Fan Wentao. The Analysis of Mechanism and Research of
System in  Full-automatic =~ Bag-delivering  Packing
Machine[D]. Tianjin: Hebei University of Technology, 2016.
(in Chinese with English abstract)

MR, Eih, XEFE, % ARAAENEEERAE
HUEIIZE) 730 [)]. B2 TRE, 2014, 35(5): 35-40.
Yang Chuanmin, Wang Hao, Liu Mingyu, et al. Kinematic
analysis of spatial combined mechanism for bag opening in
automatic bag packing machine[J]. Packaging Engineering,
2014, 35(5): 35-40.(in Chinese with English abstract)
TR, . AYIESE E SR BT BTN,
2016, 34(5): 80-84.

Zhang Yonghua, He Jianhui. Design of automatic product
line for grain packing[J].Light Industry Machinery, 2016,
34(5): 80-84. (in Chinese with English abstract)

WFER, X BT R R UOK B S &R 4
MIVETH[I]. A3 TAE, 2014, 35(19): 77-81.

Fan Xiaoliang, Liu Yicao. Equipment structure design for
automatic packing of drinking bucket based on vacuum
sucker[J]. Packaging Engineering, 2014, 35(19): 77-81. (in
Chinese with English abstract)

TRENE, Bbess, skik. ACRRR AU RIBTT].
Al THE2AR, 2007, 23(4): 138-143.

Xu Liming, Ge Xiaotang, Zhang Tiezhong. Automatic
unfolding-opening mechanism of fruit bag[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2007, 23(4): 138-143. (in
Chinese with English abstract)

EEW. ATOHELE R & RIRAE RGNS
Wit[D]. BrEa: AR K, 2017.

Guan Yanzhao. Research and Design of Cheeses Intelligent
Production Logistics and Woven Bags Packings System[D].
Jinan: Shandong University, 2017. (in Chinese with English
abstract)
Shibagaki Joji.
2013-01-09.
Kondo N, Shibano Y, Mohri K, et al. Basic studies on robot
to work in vineyard, 1: Manipulator and harvesting hand[J].

Bag opening device:CN202657304U[P].

Journal of the Japanese Society of Agricultural Machinery,
1994, 56(1): 45-53.



52 Al THEZH Chttp://www.tcsae.org) 2022 4E

[19] Henderson, Harold E. Bag-hanging and bag-filling machines 2011, 32(12): 131-133. (in Chinese with English abstract)
adapted for synchronous and independent operation and [26] WM. PRI GEZSEO M) bRt HLBE Tk
method of using same: 4078358[P].1980-12-23. BiAt, 2017: 11-130.

[20] Visser Horti System[EB/OL]. 2014-09-21[2022-03-20]. [27] FME, BRIERL, B0A. PIMUEREM]. dbst: SE%HE

http://www.visser.eu/. R, 2013: 173-175
[21] Crea-Tech International BV[EB/OL].2014-09-21[2022-03-20]. . " ) ' IR ,
http://www crea-tech.nl [28] Z2/Kk5&E. o JLfIM]. dbat: S #E HARA:, 2009:

[22] Gmuer, Bruno. Method for the automatic supply of bags and 11-19.
bag hanging apparatus, 5337541 [P].1992-08-06. [29] HAARAR, 40/Kkig, @WK, &5 s JUE M. 8L

[23] Gmuer, Bruno. Apparatus for the automatic filling of bags at R A ROR RS R, 2019 26-27.
the discharge spout of a filling hopper, 4320615[P]. [30] FRinZs, 45, stk NIty 2o [I]. HLR
1982-03-23. TR, 2014, 50(1): 130-136.

[24] THES. KRELPLE NI R & EFA[D]. &2 5H: Chen Bingkui, Liang Dong, GaoYane. Principle of conjugate
FE1K2E, 2016. curves for gear transmission[J]. Journal of Mechanical
Wang Shenghui. The Development Design and Research of a Engineering, 2014, 50(1): 130-136. (in Chinese with English
Fruit Bagging Robot[D]. Qinhuangdao: Yanshan University, abstract)

2016. (in Chinese with English abstract) 31] @R, TIRZERZESINENF 2 N ELEA T [D]. Bt

[25] Bkpde. RACHIX 4 B IR E ORI R]. O3 TR, M WHLKEE, 2014,

2011, 32(12): 131-133. Tang Tengyue. An Comprehensive Error Free Design for
Yao Xuebing. Research on automatic food packaging Oscillating Follower Spatial Cam[D]. Hangzhou: Zhejiang
machines in northeast region[J]. Packaging Engineering, University, 2014. (in Chinese with English abstract)

Design and experiment of the cam driven bag opening mechanism for raw
grain packing machine

Dong Xin, Wang Penghong, Liu Liyi*, Zuo Yanjun, Li Zihui, Jia Fuguo
(School of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Raw grain generally refers to the unprocessed cereal in agricultural production. In general, the raw grain can be
packed from autumn after harvested in northern China. A bag opening mechanism has been one of the most important
components in raw grain packing machines. Different cylinders can be usually utilized to drive the bag clamping and opening
mechanisms. The performance of this mechanism directly dominates the quality of raw grain packaging. However, the slow
action or even failure of pneumatic parts can result in the reduced synchronization and efficiency of machines, due to the
condensation at low temperature and the environment of heavy dust. In this study, a bag opening mechanism driven by a cam
that moved synchronously with the bag clamping mechanism was designed. The synchronous actions of bag opening,
clamping, and resetting were also realized using one motor to drive the planar six-bar-linkage. A systematic investigation was
then made to clarify the working requirements, structural composition, and working principle of the bag clamping and opening
mechanisms. A sinusoidal acceleration motion was selected as the movement rule for the cam driven bag opening mechanism.
The geometric coordinate transformation and the vector method were established for the parameter equation of the cam
working profile and the pressure angle solution of the spatial cam mechanism. A single factor test was also carried out to
evaluate the performance of the cam driven bag opening mechanism using the influencing factors of the pressure angle. An
optimal combination was achieved, where the radius of bag opening rod was 6 mm, the angular displacement of bag opening
rod was 4.5°, the swing distance of the contacting point was 120 mm, the initial positional angle of the contacting point was
-180°, and the positional angle of the contacting point was -170°. A linear fitting was obtained between the angular
displacement of bag opening rod and the positional angle of the contacting point. The maximum pressure angle of 23° was less
than the allowable pressure angle. Finally, the specific parameters were determined for the movement of cam driven bag
opening mechanism, the cam working profile, and the relational expression of the pressure angle. A 3D model was constructed
for the cam driven bag opening mechanism. The motion of the cam driven bag opening mechanism was also simulated using
ADAMS platform. The theoretical calculation and simulation show that the bag opening movement was basically the same,
fully meeting the actual requirements of mechanism. In addition, the physical prototype was manufactured for the bag opening
mechanism. A comparative test was performed on the bag clamping and opening mechanisms that driven by cylinders and
motor. Consequently, the productivity of 10 bags/min was obtained on the motor-driven type, which was much higher than the
cylinder-driven one. The feasibility and accuracy of the cam driven bag opening mechanism were verified to fully meet the
requirements of packaging process. This finding can also provide a new idea and theoretical analysis to design the raw grain
packing machine in the cold regions.
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