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Impact Force Identification of Link Mechanisms by Using Numerical Models
*Yoshiaki MORIY A, Graduate School, Univ. of Tsukuba, Daigoro ISOBE, Univ. of Tsukuba

Abstract —In the case of a manipulator operating at a high speed, stresses within it may be of large values.
The manipulator can also be subjected to an unexpected, exclusive reaction force due to a high-speed impact
with other bodies. It is a major problem since the shock wave generated in such cases may damage the
mechanism. In this study, the Finite Element Method (FEM) that can be used to analyze the shock wave gen-
erated within a link mechanism is developed. The gap-element method is also developed to simulate the im-
pact phenomenon. In order to check the validity of the gap-element method, some numerical tests and ex-
periments are performed and the results are compared. The results show that impact analyses considering
member stiffness are possible. The peak values of shock waves obtained from numerical analyses are practi-
cally in good agreement with those of the experimental results.
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Fig.1 Finite element analysis of a manipulator in contact
with a wall




Table 1 Parameter of a link member

Parameter Link 1 Link 2

Length: L[ m | 0.20 0.20
Sectional area: A[ m?] 2.40x107* 1.27x10™*

Mass: M[ kg ] 0.134 0.071
Young’s Modulus: E[N/m" ] 6.90x10" | 6.90x10"
Moment of inertia:I[ sz *] 7.20x107"° 1.28x107®

Fig.3 Target trajectory for 2-link mechanism
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Fig.2 Impact force obtained by the gap-element method
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Fig.4 Time histories of normal force

Hd2 &, RERSEDOHINREEL THDONHERT
X5, EBOOE—JEEMITCTE D &1%, HHM
WO ERMEDO B EE 2 BT 5 ETHETH S.
F 7z, AR SR CIIE 2L 2 Jehml o3 i B fih 4 i
ZLTHRY, BEEIE~D ) OIERICH 5 FRERE
IR D Z EDNER I NIz, —J5, fRNT Clagkss
ik & SRR CHRREIC RN NSNS, 0T
b, TOINEERE 2 &8 L-fifr 28 A+ 52 LT
FORBEORWENROOLNDI LD EEZD.

4. F&H

TE S AR AT CIIHE AR IR DR E 2 > THER )
WAL D720, TNEBET L2 FEPLETHD.
ARWFFETIL, MEROEROEXIUCX v v T HFE %
NIRRT T e T X DB L, £ OBGEZAT -
. TORER, HEEIROWINE 2 B 8 L7 it 23
AHRETH Y, MM BEE A (R D KB, AT
RETHD I ENERTE . £, FEBE L DLl
AT TfER, EEHOE—7HIZ OV TIT YA
fif 2 FHTE D Z ENMER TE .

AL, TRATIE & RRIEOBEENEET 2 L 9,
PR IR DR IEZ S OFHINIEH &2 B 84 5 Fik
AL, fTORKERN EEZNLTFETHS.

2 £ X W

[1] BEERERR, AR, fadEsmEIcEE Lz
o Ry MEREO BB E R L O ERE, BA
oR Y hEFRAEE, 2%, B 15, pp7s-82,
2004.



