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Design of Damping Device for Wheel-footed Packaging Handling Robot

JIA Hong-li, XIN Hong-bing, ZHOU Shun-hao

(School of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China)

ABSTRACT: The work aims to reduce the effect of wheel-footed packaging handling robot on working performance un-
der the vibration impact during storage and transportation and meet the demand for vibration damping at the junction of
wheel and leg. A design scheme that combined a hydraulic buffer and a mechanical damping device was proposed. The
energy method and the finite element method were used to analyze stiffness coefficients of main elastic elements in the
damping device. The stiffness characteristics of drive wheel under condition of different elastic elements were compared.
A drive wheel combining the hydraulic buffer and the S-shaped elastic sheet was designed for the wheel-footed packaging
handling robot. Then, the wheel movement experiment and environmental impact experiment of the prototype were car-
ried out. During the experiments, the robot fluctuated very little in motion amplitude and ran smoothly, which indicated
that the damping device of wheel-footed packaging handling robot could effectively reduce dropping impact, and lower
physical impact of environment on the packaging. Thus, the rationality and practicability of the damping device were ve-
rified. The design scheme of damping device can effectively reduce the vibration impact of the wheel-footed packaging
handling robot during working process and lower the physical effect of environment on packaging and can also improve
the safety of the mechanical body and electrical components, thus making working performance more stable.
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Fig.1 Structure of drive wheel assembly
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Fig.2 S-shaped elastic sheet
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Fig.3 Schematic diagram of force analysis of
1/4 unit of S-shaped elastic sheet
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Fig.4 Simulation results of S-shaped elastic sheet
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Tab.1 Comparison of theoretical and simulated value of
stiffness coefficient of S-shaped elastic sheet

28 SN I /mm R R BU(N-mm )
IS {E 400 0.738 42 541.70
15 BLAE 400  0.75423 530.34
AERT 1R 22/% 3.4 2.1

22 SFEREER

5 RRE REE th ER B, RS, Y
ST 2 R, 52 SRS T S R S AT
L, Hesz JfalE L 6.



- 318 - f1 %% T 72

2022 4E 8 A

SIS ES 2 Ly
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Fig.6 Schematic diagram of force analysis of
1/4 unit of Bow-shaped elastic sheet
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Fig.7 Simulation results of Bow-shaped elastic sheet
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Tab.3 Variation characteristics of stiffness coefficient of the elastic sheet under different thickness parameters
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Tab.4 Torsional stiffness coefficient of elastic sheet under
different torsion angles

i 60/(°) K /(10'N-mm-rad™') Kg/(10’ N-mm-rad™")
100

205 1.7276 1.688 7
31,0 1.727 1 1.688 2

4 15 1.7279 1.690 0

5 20 1.727 4 1.686 9

6 2.5 1.7276 1.689 1

7 3.0 1.7277 1.687 9

Aol @ HHLERE, i=1~7; K RHIEERIE &
T,ohHE, No-mm; 0, M, (°),
MWFE 4 TTLIE N, AR MAE, P S
TE B A G W B R B0 5 TR 3 ok, HA
NIRRT, BEATEIK S LIS ST S
TEsbE B RS OE o AR Bk br g R i AT 1 S
TE SR B AR R ML R BT
3.2 BiIRFEZERENM

AT PRV 5 Y ARG B DL R a2 g R
b, FESWER LI TAE O, 522 A R A S AR N A
mrihE, wE 8 s, MEIFER T M T REN, b
REIR R SE a2 BT BRET S54SR Z M R B U 7 o ik
i R AR X 38 5 41 35 =22 [ 7= A JEE 88 117 52 Wi ik e
BE, XPAhE e s B B AR XA T T 0.5 mm [ 9
JEACER AT WD RS, ARSI R NETTE T 2
AT VEEAALRE , TR RS vhas S, T
T 2 ol 245 IV i 0 T oy 3 ) i S 45 R RN Ah 55 BTN
[ FLE AL o DK Sl FE F HLAN BBk 22 RS i B o Pl 3 ok
PETE E . &9 45 T 9K sh 48 4 14 10 350 1 1) 5 e A
N

3.3 Biikix BEWIESLIE

LA E s DR I 7| PN
PRJ7 SRR AT, EAEHLR AL 5 UG X B AT T
R s LB AR LAY BRI vh iy S50 . A 10 fr
/AN, Blar NLBL 1.5 m/s B 3 JEE Al 78 /9 i AR 12
B, XURE SRS TR FF— 20, I Al RUF T Z2 47
9% B0 4 19 22 iz B e LA N FE i, AE RO
60 mm YRR IR ¥ 2 H T, PLEE N A s
SR EZ R SR, B PR, SRR R LA

B



+ 320 - 3% T 2022 4F 8 A

e oz AL A AUk Ik e ERE A Ak s ek D v b oy
Boe AR B S50 X 4 6 PR g By B ol L B UE T DRI G
Bt A B

ZFLAL
THESE R
AL
a Bk H b 4hzE
THHEZ PR
ENLFL

LIS SRaE i, 250 54
c HIELE L HE R 3AME ISR I 40 R 2R M S A R AL
SRPER NSRS S ERL: 6 AL SR IR ET R
TSR BN AT A 8. 28 vh s S R A
P8 BAPER . Ah IR 2R vh A A I A5
Fig.8 Structure of elastic sheet, outer cover &9 BRZh%E A 1 H) T A
and support seat of the hydraulic buffer Fig.9 Sectional view of drive wheel assembly

a b c

K10 fe AU e iRas L s A REDLAY BRI i i S 4

Fig.10 Environmental impact experiment of the wheel-footed packaging handling robot prototype
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