B2 UZSSX| A 27 H 435 pp. 46-52 Aprii 2010 / 46
Journal of the Korean Society for Precision Engineering Vol. 27, No. 4, pp. 46-52

HEA-ZH oA A4S 0% =FF= HEFERY HII

Estimation on Heavy Handling Robot using Flexible-Rigid Multibody Analysis

AAY, aHF S, wly ? LelR®, yew’
Jin Kwang Kim', Hae Ju Ko™, Ki Beom Park®, Tae Gyu Kim® and Yoon Gyo Jung?

1 2R s MTIC (Mechatronics Technology Innovation Center, Changwon Univ.)

2 B & 7|4 B3 (Department of Mechanical Engineering, Changwon Univ.}

3 BMIED L 7HE B AZED) (Department of Nanomechatronics Engineering, Pusan Univ.)
&4 Corresponding author: hiko@changwon.ac.kr, Tel: 055-213-2860

Manuscript received: 2009.10.19 / Revised: 2010.1.11 / Accepted: 2010.2.2

A flexible-rigid mulfibody analysis was performed fo examine the dynamic response of a heavy handling
robot system under a worst motion scenario. A rigid body dynamics analysis was solved and compared with
flexible-rigid multibody analysis. The modal analysis and test were also camied out to establish the accuracy
and the validation of the finite element model used in this paper. For the flexible-rigid multibody simutation,
stresses in several major bodies were interested, so that those parts are flexible and other paris are
modeled as rigid bodly in order to reduce compuiter resources.
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Table 1 The masses materials of each part

Part name Weight(kg) | Material
Base 344 GC250
Post.assy 686 GCD450
Lower arm 214 GCDA450
Motor assy 350 GCD450
Lever 158 GCD450
Balance weight 508 GC250
Parallel link 40 GCD450
Frame assy 172 GCDA450
Upper arm assy 135 GCD450
5 axis housing assy 55 GCD450
6 axis housing assy 70 GCD450
Cylinder assy 63.467 STEEL
Total 2885.467

Table 2 Material property (MPa)

. Elastic Poisson’s | Tensile
Material .
Modulus Ratio Strength
GC250 110 0.29 252
GCD450 163 0.30 420
STEEL 200 0.29
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Fig. 2 Joint elements for rigid dynamics analysis
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Table 3 Motion scenario

Time Angle velocity (rad/sec)
Joint 1 Joint 2 Joint 3

0 0 0 0
1.047 0.749 1.166 0.499
2.095 0 0 0
3.590 0.525 -1.166 0
5.087 0 0 0
5.760 1,166 -1.166 -1.166
6433 |0 [ o 0
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Fig. 3(a) Reaction force of Revolute-Joint, RJ(7)
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Fig. 3(b) Reaction force of Revolute-Joint, RJ(4)
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Fig. 3(c) Reaction force of Revolute-Joint, RJ(5)
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Fig. 3(d) Reaction force of Revolute-Joint, RJ(6)
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Table 4 Natural frequencies of heavy robot system

Frequency (Hz)
Set | FPrime 1 2 3¢
position position | position | position
FEA | Test FEA FEA FEA

1 | 18.05 21 17.29 15.63 14.87
2 | 1995 26 21.70 19.77 17.35
3 12151 38 23.48 21.16 19.51
4 12852 - 30.49 31.97 31.44
5 13394 - 32.16 34.68 36.16
6 | 3519 - 34.27 44.25 46.86
7 | 63.94 - 62.32 64.36 64.34
8 | 80.00 - 72.87 87.14 73.25
9 | 90.49 - 84.51 97.83 91.08
10 | 126.2 - 1323 110.8 119.4
11 | 1474 - 1417 | 1203 125.1

nd

1 mode shape 2™ mode shape

Fig. 4(a) Mode shapes for prime position (0 sec)

2™ mode shs

2" mede shape

Fig. 4(c) Mode shapes for 2nd position (5.087 sec)

1" mode shape 2" mode shape
Fig. 4(d) Mode shapes for 3rd position (6.433 sec)
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Fig. 6 Frequency spectrum by modal test
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Fig. 7(a) Reaction force of Revolute-Joint, RJ(1)
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Fig. 7(b) Reaction force of Revolute-Joint, RJ(2)
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Fig. 7(c) Reaction force of Revolute-Joint, RI(3)
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Fig. 7(d) Reaction force of Revolute-Joint, RI(5)
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Fig. 7(e) Reaction force of Revolute-Joint, RJ(6)
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Fig. 8(a) Equivalent stress contour of lower arm at 5.653 sec
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