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Abstract: This work presents a study on the design of an economic service robot hand for tele-presence manipulators.
The conceptual design of new robot hand is derived from biomimetics approach. Guided by the analysis of human arm’
musculoskeletal structure, the fingers are actuated by cables and actuators in the forearm. High tension in the cables is
achieved by screw-nut mechanism driven by DC motors. A set of combination springs is incorporated in each of the
screw-nut mechanism for easy control of gripping force. The first prototype revealed difficulties with finger control and
coupling problem between gripping force and wrist movement. The solutions to these problems have been derived from
the contradiction analysis of TRIZ. The second design has been verified by tests on various objects with different weight
and shape for full range of wrist motion.
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MP Joint

PIP Joint

DIP Joint

Fig. 1 Joints of finger

muscles for movements
of fingers and wrist
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Table 1 Electric motor specification

Power tRoit]?i Rated Rated Rated
V) (gf-cm) Speed(RPM) | current(mA) | power(W)
12 22 6700 200 1.5

Fig. 3 Finger module
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spring 1

spring 2

wire connecting hole

Fig. 5 Screw—nut—spring combination mechanism
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Fig. 7 Screw-nut mechanism for wrist yaw and pitch
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s | \ wire for operation
“ of finger

Fig. 8 3D model of the 1* prototype
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Table 2 Technical contradiction analyses for two problems
of the 1* prototype

Feature to improve: ease of operation (33)
Worsening Features Solution
Easier Feature No. principles
finger ease of manufacture 32 2,5,12
control adaptability 35 1,15,16,34
device complexity 36 12,17,26,32
productivity 39 1,15,28
Feature to Improve: object-generated harmful
factors (31)
Worsening Features Solution
Decoupling Feature No. principles
fingers and
wrist device complexity 36 1,19,31
e | 57 | 122121
productivity 39 18,22,35,39

Table 3 Frequency of solution principles for the contradiction
analyses of the 1% prototype

Solution principles (out of 40)
Frequency

No. Description
1 Segmentation 2
2 Taking out or Extraction 1
5 Merging / Consolidation 1
Easier 12 Equipotentiality 2

finger .
control 15 Dynamics 2
16 | Partial or Excessive actions 1
17 Another dimension 1
28 Mechanics substitution 1
32 Colour changes 1
34 Rejecting, Discarding 1
Solution principles (out of 40)
Frequency

No. Description
1 Segmentation 2
2 Taking out or Extraction 1
18 Mechanical vibration 1
Decoupling | 19 Periodic action 1

fingers — -

and wrist | 21 | Skipping/Rushing Through 1
22 Blessing in disguise 1
27 Cheap short-living objects 1
31 Porous materials 1
35 Parameter Changes 1
39 Inert atmosphere 1

W AHs 23 sl A 1745

Table 4 Adopted solution principles

Adopted
solution Description
principles
1. Bring closer together (or merge)
. identical or similar objects or
Merging / . .
Consolidation |  OPerations inspace
5) 2. Malfe objects or operatlops
contiguous or parallel; bring
them together in time
1.Divide an object into independent
parts
Segmentation | 2. Make an object sectional - easy
(1) to assemble or disassemble
3.Increase the degree of
fragmentation or segmentation

Table 5 Concepts derived from solution principles

Design

challenges Concepts for improved design

Balanced connector merging movements
of three fingers

Easier finger
control

Decoupling
fingers and
wrist

Separation and Rearrangement of rotation
axis of wrist and wire operating finger
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motor

screw-nut-spring
combination mechanism

T shaped finger
wire connector

Fig. 9 3D model of the improved 2™ prototype

;

wires connected
to finger

wire connected to
finger actuator

Fig. 10 T shaped finger wire connector

Wrist yaw axis

wrist pitch axis

wire connected to
finger actuator

T shaped finger
wire connector

Fig. 11 Arrangement of wrist yaw axis, wrist pitch axis
and finger wire

Q % gonw Al A Erbee] AfEA W
shol Fig. 12 o mel AAE pkd BAE o
Hom AW F Ak £B3 £l HH B

A= &3 (segmentation) ° Y] E o]&3to] 34
st et &Eel zhzb 914813l yaw, pitch

(c)CD (d) cup
Fig. 12 Grip test for various objects

o] do]7} W3}tE A
9] yaw, pitch, roll 7
7]' 'ITX]QL‘ E—{:l\a

Table. 5 o] YEFATE

ﬂdjprhzmlmm_l}mﬂ'

o]
__‘E'_

]
S



QA Bl B2 o] 83

Table 6 Specification of improved model

Motion Pay
DOF | Motion range | Speed
type load
180°
Roll 1
(-90°~+90°)
Wrist ) -30°
Pitch 1 60° 17°/sec
+30° 1.5kg
30°
Yaw 1 17°/sec
(-15°~+15°)
Flexion &
Fingers 1 60° 15°sec
Extension
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