Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(11):669-673

. ISSN : 0975-7384

Analysis of the harvesting robot arm modal based on CAE
Jian Zhou, Zhimin Yang'and Songlin Chen?

"Machinery and Electrical Engineering College of Centre South University of Forestry Science and Technology,
Changsha, P. R. China
2Hunan Dizhi Middle School, Changsha, P. R. China

ABSTRACT

In order to improve the harvesting efficiency of forest-fruit, the structure properties of the harvesting robot arm was
introduced. Based on the modal analysis theory, the harvesting robot should have more reasonable structure and
dynamic performance, and a finite el ement model of the harvesting robot armwas established by utilizing the software
of ANSYS Workbench. Three kinds of typical pose were selected, further more, the preceding six steps natural
frequency and mode were obtained. Finally, the weak parts of the robot arm were found out and relative improving
suggestion was put forward, which laid foundation for the optimized design.
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INTRODUCTION

Because of its’ strong seasonal characteristids,lagor intensity,etc,forest-fruit harvesting opema has become
the most important link in the process of foresitfproduction, and the harvesting labor force &esounted for the
entire production process’s 35%45%of the labor fordé?.At present,there aren’t much people who engage in
research on fruit harvest mechanization technolag@hina,for various reasons,compared with foreagnanced
level,there was still a large gap in Chinese rededavel.According to the new design of the forfesit picking
robot,the cantilever crane was studied as the phjet the finite element modal of different positim the robot
cantilever crane was analyzed by using ANSYS Wankhesoftware,thus the natural frequency and vibnatype
could be gotten, and the weak link cantilever cremght be found out,thus it can lay the foundatfon further
optimization design of cantilever crah®.

EXPERIMENTAL SECTION

PICKING ROBOT ARM SHELF STRUCTURE

Mechanism diagram of picking robot arms is shown Fgure 1,which has two degrees freedom of
mechanism,namely,they are the level and vertiga¢ali motion bases.The main arm 1 overall length was
720mm,and the ratio of the middle hinge joint &s;The main arm 2 length was 600mm;The main atemgth
was 780mm,and ratio was the same as middle joiatcimnection strap length was 130mm.The main atihe 1
main arm 2,the main arm 3 and the connecting pitwresed a parallelogram mechanism.It was the clariatics

of the arm frame that the uprignt base plate wasostary and the horizontal base moved a unit gigtahe main
arm 3 end moved 6 units distance along the hor@amthe same direction;When the horizontal baas still while
the uprignt base moved a unit distance,the main Zremd moved 5 units distance along the verticglosjte
direction.The structure characteristics could bedgto reduce the difficulty of the robot programmtrolling and
save the calculating time,so it also might imprtheresponse speed of the robot.
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Fig.1 The schematic diagram of harvesting robot arm

In order to improve the jib structure strength atability,in the meanwhile,for ensuring the endrbeninstallation
surface which was always kept in the horizontadetion,and two groups of parallelogram mechanisrihénmain
arm were added,so the robot arm of the final tiliegensional entity model was shown as Figure 2.

Fig.2 The model of harvesting robot arm

FINITE ELEMENT MODAL ANALYSISTHEORY

For getting a continuous quality structure withtBrelement,modal was analyzed.Firstly,the strectuas dispersed
into finite elements model to find out the elemesiiffness matrix[K] and the element mass matrix
[M];Secondly,according to the node DOF serial numbige element stiffness matrix and mass matrixewsat to
get the total stiffness matrix{K} and the total mamatrix {M};Finally,small damping structure of Bar dynamic
[ss?lstem could use composite damping [C] to obtam vibration differential equain of structure(equations)

M1 {u 21 {u = {F(1)}

b} + ek + K1} = F@Y

In equation (1),{*' ()} was the acceleration vec'ui{*.I ,(f) fwas the velocity vector, an{dﬂ(t)} was the displacement
vector.{ F (t)} was the overall load vector.

The modal analysis of structure required that stnat inherent frequency and vibration type paramshould be

solved,but the inherent frequency had nothing tovdb the external load,and the effect of dampinglee inherent
frequency and vibration type was very small.Switld be neglected.The formula(2) could be obtained.

(-a)IZ[M] H K] ){u} =0 Formula (2)

Formula (2) was the systematic no-damp free vibnagiquation of the matrix expression), was natural frequency

of the free vibration.From formula (2), n-th degreelynomial of a)lzcould be obtained,and polynomial roots

(eigenvalues) namely were the natural frequenchefmodel.When the polynomial roots were substitiretype
(1),we could find the feature vector,thus the msldapes of the structure could be obtained at andreguency.

THE FINITE ELEMENT MODEL ESTABLISHMENT

As shown in Figure 2,picking robot arm frame wasmyacomposed of horizontal and vertical baseschenecting
piece,pull rod seat plate,the main arm,subtie gitiaend supports,the pin shaft and the end cowbonAgh ANSYS
Workbench has a very powerful function in the ngélement calculation,but its function in the asm#anodeling

670



Jian Zhou et al J. Chem. Pharm. Res,, 2014, 6(11):669-673

isn't enough strong.Therefore,we used Pro/E softwar establish a three-dimensional entity modelraifot
arm,then data exchange of the model could be imgorinto ANSYS Workbench through software
interfacé®.Because the three-dimensional entity model wagmomplex,it contained too many components.|f the
parts were not simplified,and all were input inttN&YS Workbench to be calculated directly,the firelement
mesh generation would be very complicated,at theegime, it would increase the calculation amournt affiect the
calculation precision.Thus the model should be &fiad before calculation.From the analysis theardyfinite
element model,we know that the natural frequencthefstructure and the main mode were mainly relai¢h the
quality and stiffness distribution.Therefore,thmgiification of the model was to ensure the ovegaihlity and the
quality distribution on the whole structure,aftbe tgeometric characteristics and mechanical priggeof the arm
frame were taken into consideration syntheticdlly $pecific treatment of the model steps were kews:(1)The
little effecting parts such as bolt holes,auxilidnyles,chamfering angles,fillets,etc,were all sifrgad.(2)The parts
which have interference fits with the pin and shedte all handled by “form a new part” in ANSYS Wbench,so
they became an integral part.(3)Step two also duite screw joint parts.(4)Bearing end cover wdatively
lighter,and they had little effect on the stiffnesfsthe structure,so the bearing covers effectingte arm were
ignored.(5)The bearing transmission relationshifs wenplified,and the joint deputies were simulatexdthe pin
shafts and hol&s". The simplified model was shown as Figure 3.

Fig.3 Simplified model of harvesting robot arm

Before the modal was analyzed in ANSYS Workbenidt, fof all,the materials needed choosing,becausetm
frame parts were composed of Q345 and 45+# stesdftite the “Engineer data” module of the ANSYS Wierkch
was chosen the default “Structural Steel”.Accordindhe introduction of the front jib structure kileg robot arm
was a two-degree-freedom structure,also the maddysis was required before adding fixed constsaimt the base
surface to simulate the sliding table which waséatby motor,also including the case which degreedfom was
constrained.According to the actual situation,afary joints which had relative movement would bgarded as the
“Revolute” connection. It is very important to die grids for finite element analysis,whether it wasd or bad,it
would have great impact on the result of analysid @alculation,the arm frame,which was the fin&éeif of finite
element mesh,was shown as Figure 4,there were 52368s and 6958 units altogether.The hexahedraheses
were accounted for 86%,and the overall meshestyuwedis better.
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Fig.4 Thefinite element meshes of robot arm

The overall coordinate system direction of finiteneent was defined as bellows:The X axis was haot&ato the
right,and the same to the level of the base dwagtie Y axis was vertical upward direction,and siaene to the
uprignt base;the Z axis was vertical surface outwar

Picking robot arm was designed for picking thetfauich as camellia oleifera.For the whole modatatteristics of
picking robot arm could be understood more comprsively, after taking the robot arm factors intmsideration
synthetically,which include the arm extension sime, parts interference,the chassis height,the grofvplants,as
well as the terminal holder attitude,etc,then thgscal postures of the arm frame’s finite elemerddals were
calculated as bellow:(1)The horizontal positiord lFeharacteristics which the horizontal base, thaghp base
plate,the straight line of main arm 3 end point eviinged joints,they were all in the horizontal ifios,in the
meantime,the height of the main arm 3 end was 189@ove the ground.(2)The feature of the main amas8 to
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stretch the furthest position,it also maintainea hbrizontal position,and the angle of main armith wiain arm 3 is
135 degree,the height of the main arm 3 end wam8#@bove the ground.(3)The feature of main arm 8 twa
stretch the lowest position,which maintained a Zwrtal position and was perpendicular to the mam a,the
height of the main arm 3 end was 650mm above thergl.Three kinds of typical poses were shown asrEi§.

Fig.5 The typical positions of robot arm

RESULTSAND DISCUSSION

The resonance frequency which robot arm frame mdiappened was in low frequency stage,and six mofite
arm were obtained by ANSYS Workbench,the modes dcduwdsically meet the requirements of vibration

characteristics of arm frame.The six natural freqies and modes situation of the robot arm werevahas Table
1.

Tab.1 The preceding six steps natural frequency and mode of the harvesting robot arm (Unit: Hz)

Mode order  Horizontal position  Furthest stretchpogition ~ Lowest stretching position Vibrating type
1 33.81 32.302 36.597 End support vibrating aldwegX direction
2 41.529 40.01 42.412 End support vibrating aldwegz direction
3 65.744 64.556 67.275 End support vibrating albegY direction
4 92.858 90.427 93.997 Triangle plate swinging @litre Z direction
5 132.83 131.61 137.87 Sub-rod 1 rotating alongrtidérection
6 164.27 162.53 168.51 End support rotating albegvt direction

The calculated results showed that the six modajuencies of the robot arm frame were between 32H4,and
the end support’'s deformation was larger,its’ séffs was smaller,the side pull rod and triangulackbalso
occurred the deformation,the main reason was tpests were thinner relatively,the solving methodsrevto
increase their thickness or change better matedaleduce the deformation.Compared with the amahgsults of
arm frame in the three typical postures,they shotihatithe modal natural frequencies of the arm éavare closer
to the corresponding positions,and the vibratiordesowere basically same.In general,the inherequénecy of the
arm was relatively low,which showed that the integgidity of the arm structure was low,it could belved to

improve the final integer rigidity through the dgsiwhich changed the arm frame structure to gethibber
strength.

CONCLUSION

The modal analysis of picking robot arm was cargatlby ANSYS Workbench,and the modal charactessti the
different positions were gotten,then we found thatdeformations of end bearing of the arm franeestib-rod and
a triangular block were larger,thus the stiffnesssvemaller,which could be reduced by increasirg ghrts’

thickness or changing good materials.In terms o6 jgeneral structure,its’ natural frequency wasdgwhich

showed that the whole arm shelf structure stiffn@as lower relatively,the solving way was the bettesign to
improve the characteristic of the arm structure.
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