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Experimental Evaluation of Feedforward Control Based on the Dynamic
Models of A Direct Drive SCARA Robot

Y. S. Hong, B. S. Kang, S. H. Kim, K. H. Park and Y. K. Kwak

Key Words :

Simulation(A|E# °]4), Robotics (22338, Transfer Function(Zg <), Direct

Dirve Robot (XA 7514 &2 SCARA Robot (F th¥bd 24), Dynamic Model
(53&dx md), Model Based Control (= o 7] 23} Ao])

Abstract

A SCARA type direct drive robot which can be used in the assembly operation was designed
and manufactured. Graphite fiber epoxy composite material was used in the fabrication of the
robot arm structure in order to improve the speed of the robot arm with a high damping effect.
For model-based control and sensitivity analysis of system parameters, the dynamic model of

robot arm and drive servo amplifier system has been developed. Most of system parameters were

measured directly, and some simplified parameters such as equivalent gains of PWM driver and
velocity gains of servo system were estimated from frequency response tests. The complete
dynamic model for overall robot system was used in the simulation of the open-loop control. The

simulation results agreed reasonably well to the experimental results. The feedforward control

using the dynamic models improved the trajectory tracking performance, decreasing the tracking
error by factor of three compared with PID control. This study found that the inverse dynamic

model of the robot arm including the drive servo system showed better performances than the

case of arm dynamic model only.
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{a) Photograph of KIRO-3 robot
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(b) Schemetic diagram KIRO-3 robot
Fig. 1 KIRO-3 SCARA type direct drive robot
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ol 83 nAUEYA HEdE, IGBT
(insulated gated bipolar transistor) & o]£% <l
wE 2Bz HFY aEF HAYdEe AHFA
Al AE] Fo] F+EFEZ7| (drive amplifier) & o] &1

et

9 &

22 RRES S8y 2Y

KIRO-3 2 %2 aA =8%, £FFEG 43,
E oz JAH AANEFE FEIHE FF ALY
o A oz v g b3 ¥Ye KIRO-3

2Ee T 5530 422 #led4 (decou-

ple) sied gl7] wifel, £5FEE Fuid ¢ ¥
of ¥y HHdPog Fdle XL YUY
5 54F gt
EHae EuAAL o cof&i} Zo
EHc,
=M(g)§+Vig ¢)+G(g)+F (g, ¢) (1)

oizlell M, re BHEAHEH, Mge B4Y
g, Vig ¢t 949 o 2e&¥d=, Glg)
£ FHdE, Flg, ¢)v "HAHd=E Jepia,
¢ ¢ ¥ G BEY 4, A45= W ArkEE
defolct, E£ZRE HAHANE AH3}e 1,25

CREE G Y  FpE

B4 FEUAAL o+ 2

n=mu g1+ mCour§z— m2Sarg}

2=z Car 1+ Maz §2+ M1z Serg (2a)
of 7] ofl A

M11=M11c21+ Mz/12+11

mlz=mﬂ|1¢'2

Mz2= m:lc22+12
Cer=cos (g2— q1)
Ser=sin(g:— q1) (2b)

oled, #HY ZEYY wifw4 gho] A
37 Table 1ol Wetudet, 4 (2)efl4 Fxo
Beld Ay Yol YAHY FPut Folgln 2L
gl (Coriolis) ] 32 gl A€ & 4 U= &, 2
2 BHY FFol ¥ EMo £y Rea i
AR E 93l FHEE=E Tegde] e
2 %A ®loh, ol J|FYH Fae d4y2
o o FaED HAYYE FY + Uv FHo
et

A (2a)oll vrebd oAb G (mu, maz mig) &
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B471ge] 23Xl FERH ol AUFE

Table 1 System parameters of KIRO-3 direct drive robot arm

First arm(symbol)

Second arm(symbol)

Length(m)

0.32(1,)

0.32(1,)

Mass(kg)

4.25(m,)

3.614(m,)

Inertia(kg m?

6.81 x 10-%(1,)

7.15%107%(I)

C. G.*(m)

6.23 x 1074(1.,)

12.4 x107%(1.;)

* C. G.:Distance from axis of joint to center of gravity of arm

Veom($) . B
- -.\'

g

Qs

Fig. 2 Simplified block diagram for the combination of drive amplifier and motor
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Table 2 Parameters of drive systems

First axis Second axis

C 37.04 19.56

Cp 2.44 2.44

K, 1.55 1.68
J(kgm?) 0.3408
R(Q) 2.6
L(mH) 24
Ki{Nm/A) 2.51
Ko(V sec/rad) 3.01
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Fig. 3 Bode plot of drive system
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Table 3 Estimated parameters of drive systems

First axis Second axis
Ka 0.25 0.31
T 0.76 0.56
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