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Controller Design for Flexible Joint of Industrial Robots: Part 1
- Modeling of the Two-Mass System

ol &

=
[

£ 9

(Sang Hun Lee and Jong Hyeon Park)

Abstract : Increasing requirements for the high quality of industrial robot performance made the vibration control issue very
important because the vibration makes it difficult to achieve quick response of robot motion and may bring mechanical
damage to the robot. This paper presents the vibration mechanism of an industrial robot which has flexible joints. The joint
flexibility of the robot is modeled as a two-mass system and its dynamic characteristics are analysed. And some characteristics
of the two-mass system, especially for the joint of industrial robots, such as disturbance, non-linearity and time-varying
characteristics are studied. And finally, some considerations on controller design for the flexible joint of industrial robots are

discussed.
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Fig. 2. Two-mass system.



270

Aol 1897 BhzE A87 Alolvle] AAL oA
2. 2E2 $IE FEIE A3 sAE dash
Z(shaft)o)} 7]ol(gear) 5 = 4%—,—,] 73X (stiffness) o}
sow mEs raZel 4] pess 284 F
bS] 150] WA Bk web el 28 25}
Lol ERg} T Alole) FAALRE fA5pA A
7—¥°}~— 2BAA Edlo] mEARE 717] AlojmEle] FH}

=1 JHI1-3).

FI% FAVSNE 2 BUE ) 2 BAHL

£ 7 dEden A% el 93 54 3 Al

7 QI3 FAo) vigE s Aol W) WE 9 7}
A A F A9e T 4 el g Bt A9l S
As) ik E@ HTd AL o 2 WEY 528
s fg BAAYRE FNT 5= Uk

28A 2d™o] Bad a8 71719 AR Al
< Y= 2k

1.1 &[M-3|1 Y

24 B =Rl F2 0 19 39 2L e 23
a9 el dEdelth H AUE He AH F

il

% ol b S5 37} R n4sle) wet A%slE =
Boh %e F4HE 71 BE7N(reducen B 0] G 3k 2 ¥
sk TEST Uk ol Wek & Yol WFHE P49
FAQ AF DFo] FAZL H Yok A AE 9
SNE BEL BE, §9% FAHLY 2 Padas 7}

R 2w Y s gow A8Y Aolr} Brbsd
o EE 19 49 2L ALE AN T ARA 2
AN RE e} $3} Aloje] FHMDA] FAgo] EAl7)
A1 Qi E B oFoln T v)e 7 2844
wlo] Weg WA ZolTi11-13]

1.2 B9-BH Seixg

— o

29 59 ol FAIA wE FAAESE

BAIF TERE AT ANEL 14, 1
3 =

(

Mo
2

i ot
ﬂ:
2 b onet ot o o

H1 opr

_,d
X
i
)
X
W
off
S
-
>
- _Hl
§9
T.
NFI
E
u
S
X x
i o2
o
ol

=

e

b

rd

{d

o

N

=

e

rlo

14

_VE off!

=

oo
Tx
tlo 1o

Bl o] B- 38t 2 o] F0]7 FFALHE S
gsl7] Slsf Alolee FAdE LHF 2384
Zag 7goleyls].

ojg} Zo] AF AR 7I7)e] nATEL FEEA
71&] A Rl Fa FAHAL 71719 FAAde]
EH ok 53] 3% 717100x Eg 2 ol
A He sEA2AY Fdd BAEA HUL o]g 1

!
i)
ol

& 2EAe] Rdgo] dAAo 7 Q7 Uk
2. Moy 2o BH oy

28 il 284 o] #BA -5-d4(oint flexibility)
< WL Pdske hEAQd Aoz oi7|g 4 ok 4t
e 2R 7} Fa adhs Aol S8 =A A9
AEE R glo), 2o 34, nARs) HHAM 22 3
oA &

ge Fgshe Fad 449 P4lE 2 fa
Ae W) Sk " 79 2ol, 2417 B
Pi6] BAe) PEHHE BE 1004 AT o)

MOl - A=3 - AIAESS =2X M 12 &, M3 3

39 3. frd B 258
Fig. 3. Flexible joint robot arm.

a8 4§98 F2 e g7
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(a) Harmonic drive (b) RV reducer
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Fig. 8. Reducers for robots.
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Fig. 9. Block diagram of two-mass system.
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Fig. 12. Pole-zero map of 6h(s)/Tu(s).
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Fig. 14. Industrial robot equipped with large size spot welding gun.
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