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Design of Ultra-light Robot-arm Capable of Carrying Heavy Weight

Hyeung-Sik Choit, Jong-Rae Cho*, Kun-Wha Leem#*#*, Jong-Hoon Leexxx,

Young-Hwan Kim#*xx

Abstract : In this paper, a six degree-of-freedom robot arm which is very light but
capable of delivering heavy loads was studied. The proposed robot arm has much higher
load capacity than conventional robot arms actuated by motors with speed reducers
such as the harmonic drive since a new type of robot actuator based on a closed chain
mechanism driven by the ball screw was adopted. Analysis on the design scheme and on
the mechanism of the joint actuator of the robot arm were made. Since the robot arm
was designed very light, it has deflection in the links. To analyze this, a finite element
analysis on the structure of the designed robot links was made using ANSYS software.
Verifying experiments on the performance of high load capacity of the robot arm was
performed by loading heavy weights on the robot arm. Through experiments. the
correctness of the numerical analysis was also verified.

Key words : Ultra-light Robot-arm(Z7%% 2ZX 3), Closed chain mechanism(HAQ F3),
Microprocessor (FF]ZZZZA|A), Finite element analysis(FgF2.43]4)
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Fig. 1 Appearance of the developed robot arm
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Table 1 The parameters of robot arm

Link | ailmm] o d; [mm) 0,
1 141 90 0 9,
2 240.35 0 0 b,
3 231 0 0 by
4 0 90 0 b
5 0 0 235.06 by
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Table 2 Properties of joint actuator of robot arm

lead of
- tor
. joint . mo pully |reducer| ball
axis shape motion pf\‘]\vﬁr ratio | ration | screw
(mm)
directly _ . _
0 connected yaw 60 1160
1 4bar link | pitch 150 1:1 1 143 2
2 | 4bar link | pitch 60 1:2 - 1
3 | 4bar link | pitch 60 1:2 - 1
directly B . ~
4 connected | Y& 60 1:100
5 1 4dbar link | roll 18 1:2 - 1
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Table 3 Specification of microprocessors

TMS320LF2407 ARM chip
Bit 16bit, 32bit
speed 40MHz 400MHz
1/0 40channel 120channel
32K Word*16Bits 64M SDRAM
Memory Flash, 39M Flash
2.5K Word*16Bits RAM as
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Fig. 5 Composition of motion controller and Outlook
of motion controller

Table 4 Position control error of servo motor

Load(kg] deformation of end point(mm)

/il’ ' 1 1.53

g 6 6.84
LR

i 10 11.00
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Fig. 6 Composition of motion controller
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Table 5 Property of aluminum

modulus of tensile densi
. . ensity
elasticity strength I
(GPa) (MPay | (R9/m)
AL6061 68.9 225 2710 Fig. 9 Result of ANSYS analysis with respect to
10Kg load
Table 6 Elements and nodes of model
Element | No. of No. of Table 7 Displacements of arm with loads
Type |elements| nodes Load (kg) Displacement [mm)
structure| SOLID 104642 283229 1.47
Link | BEAM 360 691 6 8.92
10 14.90
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Fig. 8 FEM model for robot amm
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Table 8 Load test result of robot arm

Load (kg Displacement(mm)
3.1
6 16.5
10 26.8
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