#=AYFE3 R A168 A6E (19999 6¥)
Journal of the Korean Society of Precision Engineering Vol. 16, No. 6, June 1999.

——

Optimal Design Analysis of Link-Mechanism and Development of
Control Performance Estimation Program for Unbalanced
Heavy-Loaded Drive System

Keun Kug Choi*, Man Hyung Lee**, Tae Young Ahn***

ABSTRACT

The unbalanced heavy-loaded elevation-driving system is composed of link-mechanism, hydraulic cylinder and
compensator for the static unbalanced moment of the load. Control and compensation of elevation-driving system
is very difficult because these mechanisms imply highly nonlinear properties due to hydraulic fluid characteristics

and mechanical rotation of link-mechanism.

In this study, through the analysis of the link-mechanism, the optimal

design of the link-mechanism is suggested. Also to estimate the control performance of the unbalanced, heavy-
loaded servo-controlled system, modeling and simulation of nonlinear system are carried out. To prove the validity
of performance estimation program, simulation results are compared with the experimental results. Both results are
similar, therefore this program will be helpful to study the improvement of the system control performance.
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Fig. 1 Schematic diagram of elevation-driving
mechanism
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Table 1. Link-mechanism parameters of prototype

Ha Prototype A A ¢k
TE 317 29 -25770° ERS
gag doln) 15.98 =S
/g3 Az 57 53
274 AH BHE(n) | (70.08, 17.72) | (70.08, 16.85)
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Fig. 2 Variation of moment-arm-length of

prototype along the elevation angle
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link-mechanism along the elevation angle
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Fig. 5 Block diagram of error signal generation

and PID controller
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Fig. 7 Block Diagram of Ap feedback
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Fig. 4 Functional Block diagram for Heavy-Load Servo-control System
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Table 2. Parameters of elevation-driving control system

H

i VALUE W o g VALUE
MEde MR () + 10 mA Loy Aok, 0.8
MEWE AEHS( 1) 0.02857 sec DAC 2 (kpac) 1.0
MeEge A FCfH(x) 0.035 in dFct e Al (keneo) 0.143 V/deg
MEYE ZZ0IS(k) 0.0035 in/mA Et20EF E =8 Al (Kuacho) 2.17 V/rad/sec)
RE HEF HEH(V=VHV)) 328 in’ LPF1 Falg 2 Hz
HER AEASR) 100,000 psi LPF1 &A=+ 1.0
Aai FRTHEA)) 16,534 in’ LPF2 Faj 2 Hz
e SAAS(c,) 0.0(7+) LPF2 ZA A5 10
UE S H S (C) 0.0(71) RS HA A QA (k) 1.21e05 V/psi
g3t F2& 0 E2Q3(TH 7080.60 lbr-in 2] o=l H 2 (Keeipr) 272727
23t 4H RAUE(],, 123,307,136.10 lby-in’ ] T = A Q12(kyerpr) 0.2
25t M ZAAS By 44,400.45 Ibpin-sec/rad HPF1 o4 0.56 ]
FEAT(Cy) 0.61 HPF1 Zif A= 0.1 Hz
MEWe 7 Ento X (w) 0.810 in“/in HPF1 &2 A|¢l 1.0
aoUR d=( O 8.234e-5 lbesecin’ HPF2 F ol 0.67
M7} dlaf A k) 4.0 HPF2 &A%+ 3.3 Hz
Ho{7) HEA (k) 0.0001 HPF2 &2l 1.0
Hol7| i A 2 (kq) 0.0
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Fig. 8 Schematic diagram of valve/cylinder system
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Fig. 9 Schematic diagram of hydraulic amplifier and driving mechanism
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Fig. 10 Curve-fitting for unbalanced pressure

of equilibrator( ©: Unbalanced pressure)
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Fig. 13 Diagram of hydraulic Power supply
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