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Bilateral control of Artificial Fingers system
drived by the electroviscous fluid

—Dynamic properties of Electro-Viscous-Fluid clutch
(the Winslow clutch) as on element of the control—

Neboru SUGIMOTO*
Taiji KONDO*
Kiyoshi FUKAYA®

- Jn order to control functionally so many degrees of freedom of the Artificial multi-fingers system,
‘Electro ~Viscous-Fluids Clutches were developed and used in our study, which are different from any

eXisting control method.

: ‘he general properties of the clutch were measured and investigated from the pomts of view of
1nduced torque, response time of the torgue and stanility through the cylindrical type of the clutch.
"“As the result, the clutch were controlable with as wide the range as 0~8.7 kg-cm and with satis-
facto;y rapidity of response. As for the stability of the clutch, though some kinds of electrodes such
as S45C, brass, A 2017 (aruminium), Copper gilted, through analysis, were ionized and soluted into
the medium and then make the stability of the clutch worse, in case of plutinum gilded electrode,
Whlch has small ionization tendency, the stability of the clutch has been improved extremely.
The Winslow clutches, though could be said to be superior to other type of clutching with respeet
to rapid response and stability, have as simple a structure as cylinder disc, which makes driving ele-
ment of the hardware system smaller and then capable of giving the system more degrees of freedom.
Bemdes, in this study, the control system of induced force using the Winslow clutches of the cyclin-
dical type were developed and 1nvest1gated As the result, it was comfirmed that the force was cont-

rolable with satisfactory response and small error.

. * Mechanical Engineering Reseach Division
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1: electrode (Input), 2 : electrode (Output)
3 : isolating material, 4 : electro-viscous fluid

Fig.2 Winslow clutch of multi-cylindrical
type.
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Table 1 Step response (time constant ms)

AT v TINER X BMES

Material (Refere- . . . | Material with hi- . .
V%I;a)ge nce)} Weight frac- ‘N{Ia;c:rixlal ?le.ih hi- gher Weight frac- NIIIatenal with sm-
tion 429 g umidity tion 58% aller particle 80 g °
2700 6. 4ms 4.4ms 7.6 ms 5. 2ms
3300 5.3 4.3 6.1 5.0
4000 5.0 50 5.1 4.0

» TEDATHEL bR EFRERD T 2 — KT\
TORERTN - e +OfEES Table 1 wxid,
CECCEH b AZOUBLERYERE WO, AT
» TREEFEBRLT, b7 BEEED 63% %
THETORMTHY, 71 A BENTTE—RE
AARLEUTE B0, ThRroOBEHc—#TS
HLOTH B,

TIERERC X5 E, FhiEXEEELSF: A
FREWES LD, BEIBVE, SKENEVE
BEMEVE, REWNEVE, 74 Xe RO
BHETHR IR XICEL B, WIhiTR L,
ZOBHIT 4~8ms DRER Y, THD, chiE
THESATOR 1ms OF — A2 BBRIZILR—
ESREEET,

(e) W A %

vAvrRar Ty FORAMIGEALLRCE X
NABRIEEFEDOR AR LR L Twb, Fig. 5
VESEEREL LT SAI0AS (244~ Nabd
~bV Ay 22 T-08R"%EM, 2.7y 7OME LB

(S45C) & LEBAOHARBEED —HTh 5o
ChEREh? L5, MAMKEII A2 LDDLAE
ROFLERRTHRIN B, MOLEME (AL Hbw
5, 7EAAyF) OBRCEEBLTRALRBSL
—vThHBY, BMLELEADDTATORRS
HIALTOE, ZLTHHRECET S & SCER
PRI L TRROR DS TRREFIET S Lo
RRETHB, CORKY, EEMHFEOFHATT
SEThBAGREVBEETHY, S5V WET
m%ﬁﬁ&ﬁ@mkﬁﬁ%ﬁoﬁ%m@»uﬁﬁ%a
Fob DO FRMITED TEY, 7
v v ReBHREEECKE <F¢ﬁ$ﬂ%o Fig::
By v RXe s dy FEEEITS - ki b Tk
WX o TRRGROBERIETHD, & CRBEK.
LUTHgE (S45C) BRWTV 5o BEX EF S &
P 7 ABHSHEMT M, %ﬁi)“xﬁ%ﬁ/%@@fﬁ‘,—
BLAE & Ao Bo
CORBRROXHTHHATE D, V4 v Xk
DA H= XATHUIE S ICOVEE ERIC L b Tw,

3F .
total testing time ! min £ 5 e SKlBS(Na""}
& W OB D hsAvysRT-08
v S P
- s / Voltage : AC4200V (peak}—FE :
_ % S00F 5 _._/——-——-—— . e revolutions ¢ 95rpm ;
g . . == electrode trial : 845C(Fs;
& v :
‘E 4000"; ! . N 1——‘;‘_" ow— 15t
° = e x-— 2nd
2 S A== Zrd
¢ 3000[’,3 o---— 4th
P #--— Gth
L A= Gth
2000 - i e eyt n--— 7th
= ‘-‘n-—— .. v——- . 8th
1000+ Solid T torque #-+= Oth
dotted © electrie current  v-— 10th
, ‘ ) %-—- 1ith
o0 % 240 360 280 600 " ig:?
Time min .’

Fig.5 Elecfric Stability of the winslow clutch (electiode S45C)
£FAEIY A vAr 2Ty FORARER (BEiRK S40)



ES R EHARSBRBATED 177 7 A HE

voltage

3.0 4000V

torque kgem
e
=
i

1.0

1
20 30 . 40 50
Temperature C

(a) torque

eleciric current

— 5 —
1.5/ voltage
4000V
1.0F
0.57 . 2000V
a 1000V
°
0 L

30 40
Temperature C

20 50

electric current

(bl

Fig.6 Effects of Tem;ﬁerature on the clutch
SEAEHY fv ey 3y FORESME

(AR S45C)

SEGERF R E D E A4 VIR LT (e
b, BEREOHTAFVYEELIEDSL VT, O
L, 7500 A rEENERD T ECEYLON
ELEREY FFS L CONI 4 F VIS HIERE O
HEAPELTHE AL VEL, BEOHEBREETS
2rEERET, ¥, TOXSRLUTERIENT
BLEETARBELBINL, SHRALEEY EFT
B4t v BRI LERYET IR Lo R
BEPEDIELT, LL, EEEISLED, B
BETR L, COREFREEDENEDL LMV TE
Be FDTcd, ZOBREREEOHLLEVE LIDLL
B2y T ORERELERTAETHD, Thitd
by, HABEL FCETSE, HEHSBCTREY
BEiaT B o PR TE B, WAOMRARATE
LT, Wb bEEDHLIL D TRRD 3
oOESCER LTHRE L, Fhbik, (1) 2
HoLk, (=) HEEOHL, () &Ba+v 08
TR LR DWTTH Bo ' -
" Table 2 13, SK11BS-Trimex T-08 iz 4 # v
Nat LT 2BEHMHGEEAVWEY A v Aar Ty
% 100 B[ O ASRBRBIC AT 1 o o A RAEIERZE (b

DEERE LD DThB, ThILEBEVTRD
BEIRMEC Lo T SEABOHERCHERRLRE
Vo & OBEILA A VITHIBIRD 4 A Vv ERBREORE
LELTEBLLTWED, Shit, 1+ vZhEEE
HORIL 4+ vEROBFEEMShDOT, FHIHD
FHLTE W ERER LT XWTHAH 5.

St o, MBRCRBRE ORI OWT
FABIBIL A2 7 P ABHROFAIr= b 757 4
B ERTIE et WohbEEAEEITR L
FArE Db hith oo
. Table 3 i3, SEELVBEIN I 14+ v OFH
HBETH D, ChiLkd e Pt UAOWThoBEE
HECE VT, &EAFY ETFEEbhd 17
VAR IR T WTR LB CHETIZS D,
B HIERRHo L SN A BERERGFE LT, &
B EREREF LTI Bbhb, °0
&IB 4 A v IHELBEEIE Hiin o, WEPICERS
NTDE, REOEAESLES LT LEEN, 77
» FOEEH L LTIE, {4 VIEAOEY, Pt % Au
ER Ay F LCAVLSONLVERbh b, Fig. 7
R I aie, Pt 2BERIEHAVWDE, b a2 SE



— 6 — EELELTITRHE  RISS-RR-28-6

Table 2. Comparison of the disperse phase between befor and after testing
SHAHORARA MR

Ionic exchange exg::§E21 C;;li'?:)ity moistur% capasity | degree of swelling ?\:L?gleirilgzeaz?gi?ity‘

resin (C09d1t1on) meg/mi-R % ml/g cation) meq/mi-R

SK11B

(befor test) 2.05 46.8 2.20 0.04

SK11B e :

after dry (120C) .| 2.06 :%6' 8 2.20 0.02

SK11B : )

after test (100 hr) 2.06 46.7 2.19 0. 04

Table 3 detected ions as result of analysis
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Quenching Limits of Imitial Flames in Narrow Tubes

-An Approach to the Study of Quenching Volume-

by T. Hayashi

Researh Report of the Research Institute of Industrial Safety
RIIS-RR-28-1, 1~10(1980)

Flame quenching behaviors are studied for methane-air and hydrogen-air mix-
tures in narrow tubes of glass and of metals. A mixture is ignited by an electric
spark at the closed end of a tube, and a Limiting Pressure, below which no flame
passes through the tube even if a flame kernel has been formed, is determined
for each tube. By extrapolating a relation between tube diameter and Limiting
Pressure, a critical diameter of tube, in which no flame propagates in spite of a
flame kernel, is obtained for atmospheric pressure. This critical diametr is re-
lated to the Quenching Volume of the flame spherically expanding in a frees pace.

(9 figures, 1 table, 6 references)




