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Abstract: Industrial manipulators are usually heavy given the payloads they carry. Therefore, they require high-
capacity servomotors and speed reducers, which leads to high costs. However, if manipulator weight could be
compensated for using a counterbalance mechanism, the motors' and speed reducers' capacities could be minimized
substantially. However, it is usually difficult to assure durability and reliability with the conventional wire-based
counterbalance mechanism. Therefore, a more robust gear- and roller-based counterbalance mechanism is proposed in
this study. A manipulator was developed using this mechanism; this manipulator maintains its performance even when
using motors and reducers of lower capacities. The results of various simulations and experiments verified that the
proposed mechanism provides the torque required to compensate for gravitational torque in any configuration and
minimizes the torque required for supporting a large payload.
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Fig. 1 Load analysis for 6-dof articulated manipulator:
(a) simulation model and condition, (b) torques to
operate joint 2 with a payload of 0 ~ 2 kg
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Fig. 2 Gravitational torque of 1-DOF link: (a) simplified
model, and (b) torque as a function of &



l:l‘
JE Tl Fig. 3914 HA7F g%t
Aol a8 7o} 19 &ste] 7]

=T~ - )
it
41
Y

, B 27} b
weko 2 gnkE S dskAl gl old, 7] 2
3 AFA IAHE =7}

25 RS A
U FEAEE e gol ¥

ol
X,
Pl
o
[¥ o
& o

F, =kRsin6, 3)
wpebd 2zYo] gHEEe] slstel o) 2 o
&3t gol o7k wABE

7, = F Rcos0,

2
4
= kR? sin 0, cos 0, = k%sin (260,) @)

w3 7o) 1o sloju] pol olate] 7o EA}
A,

m&

kR* .
T = 7 Sin (292 ) (5)

HEAZ AEE AT TS A
]_

mglsin @) = %Sin@é’z) (©)

welA 6 = 26, (5, n=2)2k 7Hgeta
o] mF AAHe FHEAS %@a By 5
ol A3 A~xZEO E]._Q‘yjr 7L0] :rLféL %= 9\}1\1;}.

M- T EE —— 0

Gravitational
torque 7,

7 (or T, c)// /

Gear 1 Gear?2

Roller Compression spring &

Fig. 3 Counterbalance mechanism based on gears and
rollers

FAE ZbE MU EY ) E 291
4mgl
k== (7)

gl A AAFE 7lojH] L AxPgor FHH F
HH A= Fig. 49 ol sty 1ylddlA

o], (a9 #ol THEAV BASHA dE 2
7] A=)l e 2xHo] EEA Fon
HAEZA 9A] #AsA] ek e, H A7
90° 3]sk, 7 2 vﬁEEU} A sl o] )
sy 9t&E FIt U‘%*_E%L Rcos@,°l 935}
Hol BAEI7F B 3 (d)o] F9-oF 2
o] BFA7F 180° HAetH FTHEZATF 0%, o
uf ~xgo] Hulm FFEHAT EdEe] 00
Hug BRI B e

3. SHEY MU S0l W

[e;

4L

ol Qe AT S1odil e
FAE A4 DAFE WU ClHE
e N E
g e] Aol el AW,

F

32 o>

2T W o
e
ofN %

i =L of)

W
(]
L

o
J

2 MU S8 0lH

AN = AAIgE 7o F5 7|6k FHE
gt AsS HASshalAl Fig. 59 2ol
-8-9-F9 SAFLERE Y HUEY
weplvh. WyEH o Y o AFYS Table 1
4 T2 HyEE ey A9,
] Aol A BZo], o] JTF
(joint 2)°l] ®j§- Z EA7} A7}

I & T fo ox
Uy o ri
=5

=
-

o
O
N
S

o T

0a
e o
i e
H o
2 o
ool
[‘UZJ_, >

45°
Compression ~
45° ) ;
1225° E

D\

y W
3 WW
L #
W
(b)

. ° Compression
[ 180°] pression

180° B : 19001 W
f Y

(© )

Fig. 4 Operation of counterbalance mechanism based on
gear and roller when 8 = (a) 0°, (b) 45°, (c) 90°,
and (d) 180°



292 AAE - RS - F

Table 1 Specifications of the manipulator

Specifications
DOF 5 DOF
Payload 25kg
Weight 80 kg
Arm length 1.35m
Maximum speed TCP 0.5 m/s

Joint 1 \D

(Yaw)

(Pitch)
Fig. 5 Manipulator equlpped with graV1ty compensation
mechanism
130 Max. 125 Nm
glm
Q
- %
0
0 10 20

Time (sec)

@

Fig. 6 Simulation of manipulator: (a) designed counter-
balance mechanism, and (b) simulation results.
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Fig. 7 Counterbalance mechanism for pitch joint (joint 2)
of manipulator: (a) structure, and (b) spring guide
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Fig. 8 Operation of counterbalance mechanism
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Fig. 9 Multi-DOF manipulator equipped with counter-
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Fig. 11 Simulation of counterbalancing without external
load: (a) simulation condition, and (b) simulation
result

>
=
10
=
°
&z
o
ofm
rok

_>|._

Ir

\!

= Aset7] 98k
As FdAT. A&
%ol ™

ol Al & 4 39 FelolE 9 v

°
K

orRyY WAsE FHEIAZS 95 BAE ],
HyEolE AM Aol Zadt EF7F 00] HE
o 4 St

oz, AA 2 Aldl Hul 7HakslE 25kg
o] QIZ+E ol Ao AEdelds skl
AlEHold Ao B F ko], ity oz =
HuyEg oy 2% 9 7hkels o2 HE 223Nmo|
gl THEATL QIVMHEER, o]F S8 AA
o e AN By 2 377 B et
Jeiy e SEHEAAEAE Fste] wyE ol
Bl 2tz o3t THEAE HASHH, Fig 12(b)
o o] XA FQ EFAE 98NmE 7HAsHH, o]

FHT aenw, vuUEdels T4¢] Bad =
B 0 4579 Ade Axe wE 5 v,

Ade FYEAEA Y Ass AFshaLA, Fig
13(a)ot o] AdIGA=
135°747] S| AAIA 2= =
Zh e weh A7tE = IS SAeqin) Ee

293
300 Grav. torque npay 253 Nm
2150 Max. 98 Nm
o b= '\'- T T
5 =2 0 Difference
57 E torque

—
w
(=]

Counterbalancing torque

45 90 135
Angular displacement 6(°)

(@) (b)

Fig. 12 Simulation of counterbalancing with external payload:
(a) simulation condition, and (b) simulation results
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Fig. 13 Experiment of counterbalancing: (a) experimental
setup, and (b) experimental results
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