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Abstract: Objective: Aiming at a three degree of freedom HUU
type parallel mechanism which can be used in food packaging,the
static and dynamic characteristics are studied. Methods: The geo-
metric model of the parallel mechanism was firstly established.,
and the static and dynamic stiffness of the mechanism were ana-
lyzed and calculated; then the dynamic equation of the
mechanism was established based on Lagrange method. The dy-
namic analysis of the connecting rod was carried out as a pure
rigid body, and then the rigid flexible coupling dynamic analysis
was carried out by making the branch chain connecting rod flexi-
ble. Results: The static stiffness of parallel packaging mechanism
along the vertical direction of space is the largest, and the weak

link is located in the connection of connecting rod, sliding saddle
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and moving platform. The rigid flexible coupling effect of the
branch chain connecting rod makes the acceleration of the saddle
change suddenly when it turns. The analysis results of other mo-
tion evaluation indexes of the rigid model and the coupling model
are basically consistent. Conclusion: Optimizing the parallel pack-
aging mechanism can improve its kinematic performance.
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Figure 1 Parallel mechanism model
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Figure 2 Parallel mechanism diagram
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Figure 3 Displacement diagram of force in X direction
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Figure 4 Displacement diagram of force in Y direction
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Figure 5 Displacement diagram of force in Z direction
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Table 1 Calculation results of static stiffness
. KABE % J1SA i NI M/
it Jy ) . 5
T/ mm J£ /mm J3/MPa (N« pm~ 1)
X 0.841 61 0.654 58 249.81 0.458
0.439 16 0.341 57 47.01 0.878
A 0.346 04 0.230 69 165.78 1.300




&M | Vol.37, No.8

JIBLTF 21 S A 5 ) & % e 09 BEHE O & UL T ) 8¢
AL Ry A5 H TS R 1Y
2.3 HLHAZHRIE S

WRFEA PR T P A8 285 43 7 A B AL A S 5% 38 15 3
AT A3 A AT 0 150 8 5 e ) 38 4 7 58 4 — 2, BRI T B
WY ZFmmAmE, &5 E RS AR,m 10 B
BESTF RS RN 3 2 B 7R, F 45 B R A X5 A7 88 1 &) 6 ~
K 8@?%,$n$’@$ﬁxwﬁzﬂu$§iﬁck%*lﬁ“% 1.3 X4
CRE A& W R A0 A 25 3L, AT R 5 3V 6 RN i
b sh v B B K
3 Bl )y oF e

BT IR R 45 RS MR R AL N
Lagrange 35 B 37 3 B HLA 3h Sy 2 TS 3-HUU Jf Bk
HLAY R 45 Lagrange 3l 73 )5 i 0

FR2 BEFWER

Table 2 Results of modal analysis
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Figure 9 The simulation model of parallel mechanism
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Figure 10  The displacement of moving platform

centroid
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Figure 11 The velocity of moving platform centroid

5
i}
Time/s
B 12 32 SAHEBR Mk R
Figure 12 The acceleration of No.32 rod

connecting saddle

RIS 15

fr#s
Displacement/m
o o
W (%)
-

o
i
(=}

5
i 1]
Time/s
B13 22 5M&#RE X F et
Figure 13 The X-direction displacement of No.22

rod sadde

1

W
Velocity/(m * s7)

5
i 1]
Time/s

B4 22 53R E X TRk A
Figure 14 The X-direction velocity of No.22 rod saddle

123



124

A 542 % MACHINE & CONTROL

I a]
Time/s
B 15 225 &R X 7 amik i
Figure 15 The X-direction acceleration of No.22

rod saddle

z
RE
g
.
5
]
Time/s
B 16 Joint 10 X 7 & 33 7
Figure 16 The X-direction driving force of Joint 10
200.000 07— sy
17142867 e NI SERE S A
E 142857 1
Ej 5 114.2857
i é 85.7143
£ 571429

28.571 4
0.000 0

i}
Time/s

B 17 Joint 10 3R 3) /1 46
Figure 17 The driving torque of Joint 10

B & 13~ 15 Al AR RE F AR .
JE AR A R — B0 B AR A TR SR A i AR Al
L5 5.0 s FISE 6.5 s i8 317 B AL T & A BRI AR
PLE NIRRT PN R E AR, 5E RS
B AEAE e KR 2%

& 16~ & 17 AT A1, 91 46 I 20, 0 A B AL 3R 2 ) K
F I A A 78 L s B B 3R g g, S5 B ) B A A 8 TR )
JIFEARFRVABARIIR S Iy . HE G IE 3h @t ) 56 17
0 H 2%, A 4 0 52 B R 3K B A7 I K T AR R
FIT LA 2 4T 0 2 1 3 A8 T o 3K Bl g 7R R T AR K
TE 45 4 A A Bt R 3 B 4 1R I Ak 3 g 2 B
5 &k

PA—Fp 3-HUU #4 7] F + £ & A5 170 9 - 5 LA
SR G X LA BEAT T i B S R A S A, 4
R A BR T 40T B AR TS IE LAY 1 2 IR A5
Ti) 14 1 B AT R ML A 2 1) T T 1) o B R L LAY

B 2388 | 2021 £8 A | RS

7 ) e O AR A o LA S B IR I ] A A AR A T 1)
A A S 7 B R LT R A S BR T  HUA B ) s g
A5 LA T W R 5 3l 03 2 3 A e W1 ST 1R B0 ISR RS
RO X 8 432 Bl 1] R A R R D R B O, B TR
ARG L PSR R HRis S M RE S BUL (B H A — B

Ja S AR — 20 A A LA I T R 2 G A I A A
24

5% 3k

1] Frifgok, B 5, 2. HLE ARIERE & 30 1% M), iR 4k
B2 A, 2018: 1-6.

YIN Hai-bin, ZHONG Guo-liang, LI Jun-feng. Rigid flexible cou-
pling dynamics of robot [M]. Wuhan: Huazhong University of
Science & Technology Press, 2018: 1-6.

(2] X8, A7 55 0, 9 A, S5, 9T 43 E O 5 BILAG Bl A R R F
FEIT]. 5 S AU, 2019, 35(2): 107-112.

LIU Chao, HE Xue-ming, HUANG Hai-nan, et al. Research on dy-
namic characteristics of globoidal indexing cam mechanism[J]. Food
& Machinery, 2019, 35(2): 107-112.

(3] Wi F 0, 5, 45 Fin BF . kT LRI 0 R AR AR TR LR O 3k Bl
Ha B4 30 3 2 53 7 (9], 3 BEAR S HLIR, 2019(7): 67-71.

BO Rui-feng, LU Yan, LI Rui-qin. Dynamics analysis of parallel
module of a novel hybrid kinematics machine based on Kane[J].
Manufacturing Technology & Machine Tool, 2019(7): 67-71.

[4] X354, UL, FhvEk. = 8 iy B Il A% A8 3l 2 il 3l g %
R 45 B [I). HLUK 5 WE, 2020, 48(23): 23-29.

LIU Fang-hua, MA Fan-fan, SUN Wei. Kinematics and dynamics
modeling and simulation for 3-DOF parallel robot[J]. Machine Tool
&. Hydraulics, 2020, 48(23): 23-29.

[5] EmAE, B, 5k F 2. 3-RRR F & 32 4 I 8L 3 1 2 4
B[], LR 5 il i, 2019(6): 197-200.

WANG Li-juan, LU Li-ping, ZHANG Yu-hong. Dynamic analysis
of 3-RRR planar flexible parallel mechanism [J]. Machinery De-
sign & Manufacture, 2019(6): 197-200.

[6] W, %, FIKZR, 4. 3-CPaRR fiff k5 31 16 AL B 1tk 30 )y 2 gt
B SR []. T HLAE Ll 1 & 45, 2019, 25(9): 2 167-2 179.
WANG Jian, DONG Hu, WANG Zhao-dong, et al. Elastic dynamics
modeling and analysis of 3-CPaRR decoupling parallel mechani-
sm[J]. Computer Integrated Manufacturing Systems, 2019, 25(9):
2 167-2 179.

[7] 4 R gk, F G W, —Fh 2RPS-RPU J-BXHLH4 1 3 ) 2
PRBETT 5 i s, 2019(9): 58-62, 66.

YANG Ying-hong, YIN Xian-ming. Dynamic analysis of 2RPS-

SrHr 1. Bl

RPU parallel mechanism [J]. Machinery Design & Manufacture,
2019(9): 58-62, 66.

[8] SR ZEHWN, JE, F i M9, S5 . & 26 X0 95 20 A bR 7 vk 9 22 IR AL S
By Jy A i FULI] RN R 2 2 i (T2 D, 2020, 41(2):
50-55.

ZHANG Zhi-gang, ZHOU Xiang,

FANG Zhan-peng, et al

Dynamics modeling and simulation of compliant mechanisms using



&M | Vol.37, No.8
absolute nodal coordinate formulation[J]. Journal of Zhengzhou U-
niversity (Engineering Science), 2020, 41(2): 50-55.
(9] Bk WA, A%, 1055, 55, F#§4 B 4UPS /UPR J- B HLAY [ BE 45
PEAHIT. B AR 5 T, 2018, 18(10): 76-82.
GENG Ming-chao, BIAN Hui, NI Xiao-yu, et al. Stiffness charac-
teristics analyses of a coupling 4UPS /UPR parallel mechanism[J].
Science Technology and Engineering, 2018, 18(10): 76-82.
[10] £t X fE 4, W #E. 3-TPT IHWEHLIR 3l )y 2 05 5 (3], HLAK %
i, 2013, 30(3): 32-35.
FU Hong-shuan, ZHAO Heng-hua, YANG Hui. Dynamics simula-
tion of 3-TPT parallel machine tool[J]. Journal of Machine Design,
2013, 30(3): 32-35.
(] B ARA, FIUK. I AU 2T 1 53 4 0F 52 (0], 4
S5 T, 2019, 57(2): 92-95.
QIAN Tai-li, YU Da-yong. Analysis and research on flexible bar

gl % 55

of parallel mechanism[J]. Agricultural Equipment & Vehicle Engi-
neering, 2019, 57(2): 92-95.

[12] sk, 2 Wiy, £, 3T 4 ) 7] 4 37 R AL i 34 3 0y 2
25 R E S BT [9]. LA A% 31, 2019, 43(5): 134-140.
ZHANG Hong, LI Pan-pan, WANG Tong-de. Elastic dynamics
modeling and characteristic analysis of a 3T isotropy parallel
mechanism[J]. Journal of Mechanical Transmission, 2019, 43(5):
134-140.

[13] =T, /N E, R, 9. B LW BRI RLES A 1 3 )

2O BT S IR L] Al ML A= R, 2017, 48(12): 412-420.

WU Chao-yu, QIAN Xiao-wu, YU Wei, et al. Analysis and verifi-
cation of linear driven parallel robot reverse dynamics[J]. Transac-

tions of the Chinese Society for Agricultural Machinery, 2017, 48

E RBE - CAHEFBRERNMBNSHERES SN

(12): 412-420.

[14] GEETHAPRIYAN T, SAMSON R M, MUTHURAMALINGAM T,
et al. Stiffness analysis of inverted tripod parallel manipulator[J].
Applied Mechanics and Materials, 2017(867): 205-211.

[15] CRETESCU Nadia Ramona, NEAGOE Mircea. Rigid versus
flexible link dynamic analysis of a 3DOF delta type parallel ma-
nipulator [J]. Applied Mechanics and Materials, 2015 ( 762):
101-106.

[16] LU Song, LI Yang-min, DING Bing-xiao. Kinematics and
dynamics analysis of the 3PUS-PRU parallel mechanism module
designed for a novel 6-DOF gantry hybrid machine tool[J]. Journal
of Mechanical Science and Technology, 2020, 34(1): 345-357.

(7] M, B8R, = A W B IE B LA 3l ) % 4 5 43 47 (9],
1% T/, 2020, 41(15): 81-87.

DONG Xu, GAO Tie-hong. Dynamic modeling and analysis of 3-
DOF parallel packaging mechanism[J]. Packing Engineering, 2020,
41(15): 81-87.

(18] A T 4. 3-PTT /K F- 3 He s I B WL 4% A #9124 fif L WF 52 [D].
TRBH: ZRAL K2, 2002: 35-56.

FU Yu-jin. The mechanics simulation study of in-parallel robot
with tri-glider[D]. Shenyang: Northeastern University, 2002: 35-56.

[19] HMESE. & T MEUFEHLECAR B9 6 A h B 3-PRPS FEIKPLAF Nz
B2 ) Iy 2 W E 5 K 2 B4R (D). S AT F Rt TR 4,
2013: 22-28.

HUANG Xiao-bin. Kinematics and dynamics research and
parameter optimization of 6-DOF 3-PRPS parallel robot based on
Virtual Prototype Technology[D]. Nanjing: Nanjing University of

Science and Technology, 2013: 22-28.

(E#% 118 7

[6] oAk i H G, £ 0L, £30M. DB SR G5
B 56 BT 55 (0], AR HLALF ST, 2013, 35(8): 132-135.
QI  Gejirigala, WANG Chun-guang, WANG Wen-ming.
Experimental research on mixing uniformity of small horizontal
mixer[J]. Journal of Agricultural Mechanization Research, 2013, 35
(8): 132-135.

7] EA, S, BT CFD i B 3N IR & LAY IR
(9], L WAL BT, 2014, 36(7): 31-34.
XIA Rui, GUO Gui-sheng. Analysis of mixing process of horizontal

RN Ly

ribbon mixer based on CFD[J]. Journal of Agricultural Mechaniza-
tion Research, 2014, 36(7): 31-34.

[8] ¥ &, F ik, EH4E. 3 F EDEM M4 TMR R4
P RE RS []. RHLALHT ST, 2017, 39(3): 218-223.
YANG Xing, YU Ke-qiang, WANG De-fu. Numerical simulation of

SIBIES
RE

mixing performance of rotary TMR mixer based on EDEM[J]. Jour-

nal of Agricultural Mechanization Research, 2017, 39(3): 218-223.
[9] & Hi £L. H& T EDEM 19 4 35 55 3 Uk ML 88 e - v vy 82 4 4k 20

Hr[I7. th PG H 3R, 2020(5): 9-10, 51.

GAO Rui-hong. EDEM-based optimization analysis of spiral blade

height of broken glass washing machine[J]. Shanxi Electronic Tech-

nology, 2020(5): 9-10, 51.

[10] ¥ 7, 5K IR, 2220 R . 5T EDEM K948 358 sh ML I b il
'@nuﬁﬁﬁ[ﬂ. T b2 AR, 2020, 28(5): 1.057-1 065.

PAN Qing, ZHANG Qing-zhao, LI Yi-ling. Research on movement
law and impact performance of debris flow based on EDEM[J].
Journal of Engineering Geology, 2020, 28(5): 1 057-1 065.

[11] HE Ya-kai, LI Cui-ling, ZHAO Xue-guan, et al. Simulation
analysis of the fertilizer ejecting device of corn fertilizer applicator
based on EDEM[J]. Journal of Physics Conference Series, 2020,
1633(1): 27-29.

[12] Tal /N, 75 6k, IR A, S5 LT HE Ky 3E B A 19 EDEM JBURL
Ef 2 BbR 2 ] & AR AR, 2020, 30(7): 114-119.
WEN Xiao-jiang, FANG Fei-fei, LIU Ying-ke, et al. Calibration of
EDEM particle contact parameters based on coal pulverized coal
accumulation angle[J]. Chinese Safety Science Journal, 2020, 30
(7: 114-119.

[13] X 2% 5%, #8395, JLF EDEM I i kg B2 it AT % 8 % 0k 5 )
RALALBESE, 2021, 43(3): 68-75.

LIU Lan-qiang, CAI Ying. Design and experiment of high-
precision fertilization device based on EDEM[J]. Journal of Agri-

cultural Mechanization Research, 2021, 43(3): 68-75.

125



