Osaka University Knowledg

ARCHITECTURE OF HYBRID TWO-FINGERED MICRO HAND :

Title | \NALYSIS, OPTIMIZATION, AND DESIGN
Author(s) |Ahmed, Ahmed Mohamed Ramadan
Citation |KFRKZ, 2009, EHIHwRX

Version Type

VoR

URL https://hdl. handle.net/11094/2185
rights
Note
Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




Sve

[127])
FNATE  FNTE ENTF AL
X 4 Ahmed Ahmed Mohamed Ramadan
WEoHKSEOLH T & (T %)
¥ oo & % 0% 23018 &
AL G 4E A H EMK204 3 A 240
AL B oo B AABRIG 4 &5 1 Y
JEE TFIERE > A T DA R
A7 & X 4  ARCHITECTURE OF HYBRID TWO-FINGERED MIGCRO HAND : ANALYSIS
OPTIMIZATION, AND DESIGN
(INATYy bR 2KEIA2ONY ROT—FT9 F v —EBEH.
b, &Et—)
o F o E R (%)
o OB A
(4
o KB e o OEE ek

4

e

£

X N &E O EE

The thesis presents the development of a chopstick-like two-fingered micro-manipulator hand based on hybrid mechanism. The
micro-manipulator hand consists of two 3-Prismatic-Revolute-Spherical (PRS) parallel modules connected serially in a mirror
image style. Each module has a long glass pipette as an end effector. The development process consists of three phases. In first
phase, analysis and mathematical modeling, a novel solution of the Inverse Kinematics Problem (IKP) of a 3-RPS parallel module
is derived and applied with proper modification to the case of 3-PRS of proposed mechanism. The derived solution is used to
solve both of the Forward Kinematics Problem (FKP) and the IKP given the end effector position. Also the feasible workspace is
derived for the proposed parallel mechanism. The solution is extended to the two-fingered hybrid mechanism of the micro hand.
In optimization and design phase, the optimization of the chosen design parameters of a theoretical 3-PRS parallel module is
carried out using two approaches: discrete search method and Genetic and Evolutionary Algorithms (GEAs). Based on the
optimal design parameters, a CAD model of 3-PRS finger module is built and a complementary optimization step using ANSYS
Workbench program is carried out to determine suitable characteristics of the pin flexure hinge. The workspace extremities are
about 5% less than that of the theoretical values. Finally, the total CAD model of the two-fingered hand is built and assembled. In
realization and implementation phase, the description of the hardware system of the two-fingered micro hand prototype is

presented. The program description, calibration method, practical jacobian matrices, practical workspace, and error analysis of

the prototype are discussed. The practical prototype of the micro hand has workspace extremities that are about 10 to 13% less
than that of the theoretical values and that are about 6% less than that of the designed CAD model. Also the prototype is checked
for the maximum error and it is found to be about lum for upper finger and about 1.2um for lower finger. As a target application,

the use of our developed micro hand in the tissue micro-injection experiment is described.
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