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Development of an Outer Shell Type

2 DOF Bending Manipulator using a Spring-link Mechanism

Jumpei Arata*, Yoshitaka Saito* and Hideo Fujimoto*

In recent years, robotic technology has been introduced to medical fields and many surgical robots have been

presented. In this paper, an outer shell type 2 DOF bending manipulator using a spring-link mechanism is presented.

The mechanism was developed for a surgical robot, which can implement various surgical treatment devices inside of

the manipulator. The spring-link mechanism is a simple combination of a flat spring and a rigid link with a passive

joint connection. The outer shell type 2 DOF bending manipulator incorporates four spring-link mechanisms. The

most unique feature of the manipulator is that these four springs are interconnected in the kinematics. Therefore,

it is possible to realize a robust and backlash-free motion by taking into account the interconnections of the springs

such as an internal stress of the structure.

In addition, by locating the four spring-link mechanisms around the

manipulator, it is possible to place medical devices inside of the manipulator. This paper describes the kinematic

model, analysis, prototype implementation and evaluation of the proposed mechanism.
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Fig.2 Kinematic model of the proposed manipulator
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Table 1 Motor specifications

Model number EC22 20Watt

Motor diameter ¢ 22 [mm)]
Length 82.8 [mm]
Speed at max continuous torque 16,500 [rpm)]
Max continuous torque 16.9 [mNm]
Max continuous current 1.51[A]

Table 2 Ball screw specifications

Model number MDK 0401-3
Outside diameter of thread 4 [mm

Lead 1 [mm
Length 64 [mm)]
Basic static load rating 0.29 [kN]
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Table 3 Average of position error [deg]

@ 0 =0[deg] |6 =090[deg] | 6 =45 [deg]
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Table 4 Measured rigidity [N/mm]

) 0 =0 [deg] 0 = 45 [deg]
+10 [deg 22.936 11.186
+20 [deg 27.023 27.397
+30 [deg 33.898 42.194

ND. KIETRET LML, NOMEREEERZD, (Th
TR X DB NERIG ) ORI X 0 BIEE =0 2RSS
N5, LoT, AMFRTRET LY=L —Fllikid, —ik
Wha/lv=Cal—% ERBL THWI EPHERIND.

6. NEBEEERLOADDEEFZET) T

RETIE, RMELAT=E 2L — 51200 T OB RS
R g, ERELIALYT 2 7-00MBEET VIRTF

HEIZOW TR %,
6.1 [FRMIRDMHIE

RYZE2L—FOREREHE LT, IThEZEZRIIEA
TWBLZENEITONS. IThEIRIE, B Ly, —HoBOE
X R4+ D OMIKTH A Z L HEEFET VIR ES TV

. v=¥a =7 ORI ITRERD D, (ERFIRD
BT T IVADREE Blp o TV AYE, EFHMEEETERN &

BHZEDNEZLNDL. BHEFETVICBWT, ETVATH
FEENDIERILRIZ, Fig. 2 ICHE SN B HBIERE HWTUT

DATHRZONS.
(X —D)*+ 72> = (R+ D)? (10)

—7%, ZRBKROPEIZBWT, v~=¥ a2l — ¥ DOJE o
FLEEBRTLIERDOES L, $RO% oY% R+ D

1, DT oRfRATERINS,
#(R+ D) =L, (11)

INLDOZENS, REEFETLILIZLED, v=¥al—%

2011 £ 7 H



528 oM oMOF OB K

_ 7 :‘, —— R=4.9[mm]
= . '\ R =4.477 [mm]
3 4op->
8
) 3
o
x 2

o

2 i) 2 4 6 8 10
Z displacement [mm]
Fig.11 Result of spring-shape measurement in varying R

Error [deg]

0
0 .’0"
4.4-'2.45 45 455 46 4B5 47 475 48 485 4o

R [mm]

Fig.12 Position error in varying R (0 = 0,¢ = £30 [deg])

OJEMEEE BT EEL s, ThOBIRELEE T 22 L8
WHeL %% (Fig.10). %8, RIERICBI 2 R WM#EIE, &
FHMEL Y R=49[mm] TH5.
EREEOIZRIERE BT 2720, JLomMEEFEE & Rk
DFFILY, L—VPEMFNI L BHEEREIT>72. R &%
BRIICEL S E 0 R RBR 2 HIE LR % Fig. 11 12
RY. ZITIE—BIE LT, 0=0[deg], ¢ = 30[deg] D&
IZ2WTC, R A2WIMETH 5 4.9 [mm] D& &, FERWIZ R
EEHEL, BEEET IV TBESNS BEMEIRLI & o
2L EDIFRIIR (R = 4477 [mm)) %2RT. ZORKRLY,
R HPZALT 2 Z 2L ) B hoJm i Ersmd L, e
LCIERIBIREZALTE 2 Z &R ENTz. B, ([TRIZIKE
BIZBWTIR, A7 V= 3 YORED 7@ L ThM
DIZROABIETHETH L. T2, ThELHLZERIET
HBIOEBI L o TEERICKHE2AE LS. LoT, KA
Bl & 2 1 ERIBRIEICIE, HEBREORELTEATVSLIL
R LTHL.

6.2 /ST %2 R OHEFE

R 22L& 87 & S OMEAEEIZOWT, (LEAEEE R FER

JRSJ Vol. 29 No.6

—e— $=10 [deg]
45 -4- ¢=20 [deg]
¢ =30 [deg] '

0 15 30 45 60 75 90 105 120 135 150

6 [deg]

165 180
Fig.13 Measurement of R in different 6 and ¢

Table 5 Average of position error using the proposed method

[deg]
0 =0 [deg] 0 = 90 [deg] 0 = 45 [deg]
¢ NG C NC  C NG C
£10[deg] | 0.321 | —0.003 | 0.128 [ —0.086 | —0.113 | 0.003
T30(deg] | 0.988 | 0.018 | 0.865 | —0.014 | —0.114 | —0.022
T30(deg] | 2.751 | —0.008 | 2.421 | —0.007 | 0.443 | 0.005

NC: Non-compensated, C: Compensated
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Fig.14 Parameter estimation method using cubic spline interpolation (6, left) and lin-
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Fig.15 Accuracy on master slave motion using
the proposed compensation method
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Fig.16 Implementation of the proposed manipulator
as a neurosurgical instrument
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