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Development of Ceramic Robot Hand Driven by Friction Transmission

by Yoshio MIZUGAKI, Masafumi
SAKAMOTO, Teruyuki ASAO
and Yukinaga NOMURA

Abstract

This paper describes the development of a ceramic robot hand which is driven by friction trans-

mission.

The end-effector was designed for the use under the high temperature circumstances and

made of a DC servo motor and parts of machinable ceramic which can be cut by a cemented carbide

tool. To machining ceramic parts of comples shape, an adhesive was adopted and it showed

enough bonding strength. The end-effector showed enough adiabatic capacity through a heat-

proof test and the process of crowning the shape of wheels was effective to the friction drive. An

experimental apparatus for friction drive was set up and the relationship between the contact force

and the slip ratio was examined. Some remarks were obtained through the friction transmission

test measuring the slip ratio and the contact force between the parts of friction drive.
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CERAMICS SPECIFICATION

PHOTON CERAMICS|MITSUI MINI
. NG CO.LTD |ALUMINUM
Photoveel Macerite
color White ) White Silver white
Density o/ 2.64 2.5 2.70~2.80
Thermal Expansion a1~ w0 91X10-7 | 24X10-6
Coefficient 1/T 80T 81X10 -7
Thermal Conductivity .
et 0.0047 0.005. 0.58
Max. Working 660
Temperature 1,000 1,200 (Dissolution)
a c m
(a) (b) () Bending Strength 1 400 1200
kef/
Compressive Strength
BFHR 1 ke | 500 4,500
Tensile Strength .
gt/ 900 1100~1200
R g:;’:lf:y"f Di'ﬁ;;/d 6.4X10° 8.8x10°  |6.89%10"
HHEEZITOTH b, T -
Electric Resistance p— 0.110"  |6.50x10-°
Elasticity 0 -cn : : :
FIEOHEEH T, BRI T 7 a A/ VEHW Hardness Hs=90 Hs=86 Hv=17-23
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5o [Olgzdh T 50 B R A 5120°8 X ICRCE S/ THE RECOMMENDED CONDITIONS [ 3]
-— ok =) )
TOM 2 OB T — VI L ) 3 REFIN TS, Material |} 1 G eq| Cemented Carbide Tool
BNV FOKES1I#H ¢ 140mm, £ TOFE S (Machinable
Ceramics) Steel Tool K0~KO05 K10
#150mm, ERIIMH1.76kg (£— 5 ERO0.09kg* & tr)
THoo Cutting Speed | o ;o 30~50 | 30~50
(m/min)
2. 2HNI - #A3
RALZSFTVETI v T2 (74 bN— VR Feed (mm) |0.05~0.13|0.05~0.13| 0.1~0.3
TArrtIIv R, ZHEINE - v T ) DiE Depzh Of)cm 0.1~6
mm
TERLITRT. 73 v 27 RZLBERMEEFAEORK
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Bt > TEMIROWE & Z IV :
<fo TMBROBB LRI Ly 2L TV R
SoULLEFEBRETHY, THREED/HMIVDOFRy M THE RECOMMENDED SHAPE OF CUTTING TOOL
bIyFA4 7225 LTHRATETS D, KT o s
HEEDE I LHEHRGGSITH ALY, <0 F 7 VvtEIF73I 92 Cutting Edge name Contour
ZZZFDOMIMASHBRENTEY, THISHEEDIZH back .
ack rake angle =10~ 5
L HAELEL I LI VIHBHED 22w
ide rak 1 -10~ 5°
Ko by FEMENTTEECH 2 EELOND, <3 F7 sice raKe anee
VT Iy s AOE, TRAHfH S BET R K0 end relief angle 5~10°
BRSATE), ShICEbUEIGEE B ICE & side relief angle 5~10°
2DEIIGREL, BT I v ADAFREER< . o
end cutting edge angle 15~45
STy TMLIT AR, Fry o FrIRRT v S
By b DL EXBUFHEIKIT REAAE U B 7o, BRI side cutting edge angle 1
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Table 3 The results of adhesion test

Adhesive

Hardening conditions
Temp.(C) X Time(hrs)

Load f
(kg)

Result

Break out the

Aron ceramics 90X1+150X1 58 S
Ceramicsitself
150%1 23
Break off on the
B-1 ZSOX{ 19 glued surface
400%(1/6) 17

Glued
Surface

Load f
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E 2t % Work piece: 353
s 2 Tip top of the fingers: 155C
g b Root of the fingers: 70C
E Support of the fingers: 70C
= 7 Housing : 35C
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Friction wheel

Bottom face of rotor shaft
Top face of rotor shaft
Friction wheel of finger

Incremental pulse encoder
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Linear stepping motor for pressure balancing
Fig. 5
The experimental apparatus for slip measurement
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