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Fig. 1-3 Occurrence mechanism of ER effect
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Fig. 1-4 Behavior of ER particles under electric filed
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Table. 1-2 Performance of dispersion type ER fluids

Characteristics Dispersion type ERF
Behavior of shearing (during Bingham
applied electric field)
Electric field intensity ( V/mm ) ~103~
Generated yield stress ( Pa )* 102~103
Responsiveness ( sec) 103
Electricity ( W/cm?) 103 ~102

* Electric field intensity: 1kV/mm
Shear rate: 300s™!
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Table. 1-3 Examples of application

Mechanism Examples of application

Clutch Transmission, Clutch, Tension control,
Brake, Torque converter

Damper Damper, Friction damper, shock absorber,
Seismic base isolator, Bearing, Mount

Positioning Control of robot, precise positioning device,
Cylinder,

Valve Liquid valve, Servo valve, Release valve,
Vibrator, Cylinder
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Fig. 1-10 Typical application models of ER fluid
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W2 RS ER TiE (ERG) OBEZE

Table.2-1 Comparison of Si-O and C-O connection

Dissociation energy of bond (kcal/mol)

C Si H 0] N Cl F
C 826 | 76 | 98.7 | 85,5 | 72.8 | 81 116
Si 76 | 46.4 | 76.5 [106.3| 76.4 | 97.2 | 142

Interatomic distance (A) Bond angle (° )
Si-O 1.64 Si-O-Si | 130~160
Si-C 1.93 C-0-C 110
Cc-C 1.54
Cc-0 1.43

Table.2-2 Performance of ER fluid and ER Gel
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Table.2-3 Variety of dispersion type ER fluids
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Fig.2-2 Structure of ER particle
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Fig.2-3 Dimethylsilicone oil
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Fig.2-5 Surface of ER Gel
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Fig.2-6 Structure of the metal mold for ERG

Fig.2-7 Appearance of the metal mold for ERG
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Fig.2-8 The formed ERG sheet
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Fig.2-10 Appearance of device for measuring ERG basic properties
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Proportion of constituents (wt %)
] ) gel agent
Elastic modulus Relative ( Hydrogensilicone
Type | of gel (N/mm?) permittivity and ER particle| Silicone oil
Unsaturated
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Fig.2-11 Behavior of shear stress (5A03 ERG)
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Table.2-5 Proportion of constituents

Proportion of constituents (wt %)
gel agent
Elastic modulus Relative ( Hydrogensilicone

Type | of gel (N/mm?) permittivity and ER particle | Silicone oil

Unsaturated

compounds )
3A03 0.043 10.4 16 30 54
4A03 0.043 14.5 16 40 44
5A03 0.043 23.2 16 50 34

Yield stress kPa
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Fig.2-13 Influence of gel hardness on yield stress
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Fig.3-2 Behavior of shear stress of ERG using normal electrode
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Fig.3-6 Influence of Shear rate on generated shear stress
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’ ERG thickness: 0.5mm, Shear rate 20um/s, Temperature: 23°C ‘

Fig.3-11 Influence of surface roughness of upper electrode on ER effect
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Fig.3-12 Influence of contact pressure to upper electrode on ER effect
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Fig.3-13 Influence of DLC coat
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Fig.3-14 Comparison of ER gel and ER fluid
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Fig.3-17 Results of dynamic test
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Table.3-1 Response of ERG
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Fig.3-21 Influence of ER effect on dynamic compliance
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Fig.3-26 Surface of ERG after durability test (1000h)
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Fig.4-6 Binarization by image processing

Table 4-1. Increase of adhesive gel area on the glass electrode according to
the increase of applied electric field

Applied electric field Ratio of gel contact
intensity ( V/mm) area (%)
500 6.5
1000 12.6
1500 17.3
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Fig.4-9 Behavior of ER particle
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Fig.4-16 The small displacement in direction of electric field due to ER effect
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Fig.4-18 Appearance of silicone gel sheet
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Fig.4-19 Behavior of shear stress in silicone gel
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Fig.4-23Relation between oil content and nominal yield stress
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Fig.4-24 Relation between displacement of electrode in direction of
electric field and oil content
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Fig. 6-3 Polishing tool and ERG mold
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Fig. 6-5 Observation at boundary between the ERG pad and the glass electrode
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Fig. 6-6 Estimated mechanism of ERG polishing
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Table 6-1 Grain size distribution

Grain size ¢ pm
Grain number Cumulative.height Cumulative height Cumulative height
3% (D3 finer) 50% (D50) 94% (D94 coarser)
#240 103.0 57.0%+3.0 40.0
#280 87.0 48.0+3.0 33.0
#320 74.0 40.0£2.5 27.0
#360 66.0 35.0+2.0 23.0
#400 58.0 30.0+2.0 20.0
#500 50.0 25.0%2.0 16.0
#600 43.0 20.0+1.5 13.0
#700 37.0 17.0£1.3 11.0
#8300 31.0 14.0%=1.0 9.0
#1000 27.0 11.5%=1.0 7.0
#1200 23.0 9.5+0.8 55
#1500 20.0 8.0+0.6 45
#2000 17.0 6.7+0.6 4.0
#2500 14.0 55+0.5 3.0
#3000 11.0 4.0+0.5 2.0
#4000 8.0 3.0+04 1.3
#6000 5.0 2.0+04 0.8
#8000 35 1.2+0.3 0.6
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Workpiece
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Torque Sensor Motor

Resistance A/D Board

Fig. 6-7 Schematic diagram of experimental setup for ERG polishing

Polishing Tool

Torque Sensor

i &

Fig. 6-8 Experimental setup for ERG polishing
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Fig. 6-9 Surface average roughness at the center part of workpiece
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Fig. 6-10 Surface average roughness at the peripheral part of workpiece
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Fig. 6-11-1 Polishing torque under various electric field
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Fig. 6-12 Improvement of surface roughness at the center part
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Fig. 6-13 Improvement of surface roughness at the peripheral part
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Fig. 6-14 Influence of rotating speed on polishing efficiency
at the center part
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Fig. 6-15 Influence of rotating speed on polishing efficiency
at the peripheral part
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Fig. 6-16 Influence of granularity on polishing efficiency at the center part
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Fig. 6-17 Influence of granularity on polishing efficiency
at the peripheral part
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Table 6-2 Polishing time

. Polishing Time min
Grain number
2kV/mm 1kV/mm OkV/mm

#600 180 40 40
#1200 60 30 30
#2000 30 15 15
#4000 20 10 10
#8000 12 6 6
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Fig. 6-19 3D surface profile of the center part ( # 600 )
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Fig. 6-20 Surface roughness of workpiece at the center part ( # 600 )
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Fig. 6-21 Surface of workpiece at the peripheral part ( # 600 )
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Fig. 6-22 3D surface profile of the peripheral part ( # 600 )
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Fig. 6-23 Surface roughness of workpiece at the peripheral part ( # 600 )
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Fig. 6-24 Surface of workpiece at the center part ( # 1200 )

Fig. 6-25 3D surface profile of the center part ( # 1200 )
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Fig. 6-26 Surface roughness of workpiece at the center part ( # 1200 )
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Fig. 6-27 Surface of workpiece at the peripheral part ( # 1200 )

Fig. 6-28 3D surface profile of the peripheral part ( # 1200 )
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Fig. 6-29 Surface roughness of workpiece at the peripheral part ( # 1200 )
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Fig. 6-31 3D surface profile of the center part ( # 2000 )
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Fig. 6-32 Surface roughness of workpiece at the center part ( # 2000 )
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Fig. 6-33 Surface of workpiece at the peripheral part ( # 2000 )
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Fig. 6-34 3D surface profile of the peripheral part ( # 2000 )
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Fig. 6-35 Surface roughness of workpiece at the peripheral part ( # 2000 )
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Fig. 6-37 Effect of slurry for moving abrasive grain
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Fig. 6-38 Surface of workpiece at the center part ( # 4000 )

Fig. 6-39 3D surface profile of the center part ( # 4000 )
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Fig. 6-40 Surface roughness of workpiece at the center part ( # 4000 )
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Fig. 6-41 Surface of workpiece at the peripheral part ( # 4000 )
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Fig. 6-42 3D surface profile of the peripheral part ( # 4000 )
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Fig. 6-43 Surface roughness of workpiece at the peripheral part ( # 4000 )
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Fig. 6-46 Surface roughness of workpiece at the center part ( # 8000 )
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Fig. 6-48 3D surface profile of the peripheral part ( # 8000 )
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Fig. 6-49 Surface roughness of workpiece at the peripheral part ( # 8000 )
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Fig. 7-3 ERG sheet on one-sided electrode
126



BTE AERICET D

ERG O F=ASG AT

(a)ov (b) 750V

Fig. 7-4 Observation at boundary between ERG and the glass
( One-sided electrodes)

DC Power supply

Amplifier

¢ ¢| Dynamic
kel ﬁ strain -
Displacement o..| meter Interface

sensor Load cell

[ ] |

Motor

Fig. 7-5 Schematic diagram of shear test stand
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Fig. 7-12 Result of vibration test ( 25Hz )

133

ERG O JEARGFEARAT

Applied Voltage V

Applied Voltage V



BTE AERICET D

ERG O HAFRHEMEHT
200 Applied Voltage
800
150 >
E 100 oo S
g 50 %
E o0 400 >
8 -50 8
2 100 200 §
- <
-130 Displacement 0
_200 | | |
0 2 4 6 8
Time s
(a) Amplitude of displacement
6_5 Applied Voltage 800
i~ >
g 600 S
@ 400 §
2 3
2 200 &
£ <
g Shear stress 0
Z _4 1 | 1
0 2 4 6 8
Time s
(b) Amplitude of shear stress
Fig. 7-13 Result of vibration test ( 50Hz )
1.6
<
E 14
e ov
o 12 \
[&]
g 10 ¥
g 0.8
E 1\, 250
8 0.6
E o4 >< 500
g 7!\( L 750
5 02 S E—
2 O

0 20 40 60 80 100 120
Frequency Hz

Fig. 7-14 Dynamic characteristics of ERG sheet on one-sided electrodes
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Fig. 7-19 Model for electric filed analysis
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Fig. 7-20 Electric vector in case of metal model with earthing
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Fig. 7-21 Electric vector in case of metal model without earthing
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Fig. 7-23 Influence of earthing on behavior of shear stress

142



BTE AERICET D

ERG O FEARF M FRAT
KGR LD R mICR AT HE 5'?1“\7}\/1/0)3/552 T Doy A Z BRI IZ VRO 7.
4 7-24 (THEHW SRR R kR SRR BRIV DYy 3 A amd . 2O

KLY, B LE O ERG iﬂ%ﬁ@ﬂ?ﬁm&kw@yﬁz SOFHEE RO AL, %5
Wz U 72 544 ClE 535V/mm T, kL7254 TIEL 1007V /mm &720, BIG0

R LT O 07 D3 EE PR LI R EL D720, AT HEAMNIG IH KER
HEFZZDHIENTED. I, FHINT52EME EN 2% 450V —EELL T35
E, MM R T HZETRATLHE AWML NI E L LT85 6 0 ky
L2 RELRDIENHER TED. ZUTMakx L7254 T CEMME BN E%
450V &9 52T ERG ExF G 5 O fix KBS IR EE DS 675V/mm SR 12/ &<
AT ThHD.

PLEXD, EERGmICEERERH VDG EICBWTYH, T a3 20k
T DL T, BETDHEAWIE DB RESERDIENHLNER ST, AT
HHEAWIE L ERG EXIGED R ICAE T HE N REICRKRESEETHIEN
STz,

1800
1600 1
1400
1200
1000
800 r
600 -
400
200

Center between
anode and cathode

y component of
Electric vector v/imm

0 05 1 15 2
Displacement mm

(a) Metal with earthing

1800

1600 1 Center between
1400 L anode and cathode

1200
1000
800

600 -
400
200 -

y component of
Electric vector v/imm

0 0.5 1 15 2

Displacement mm
(b) Metal without earthing

Fig. 7-24 Distribution of y component of electric vector
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Fig. 7-25 5 patterns of one-sided electrodes
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Fig. 7-26 Relation between yield stress and electrode width of
one-sided electrodes

1800

Center between

c 1600 % anode and cathode
w £ 1400 |
o £
2 2 1200 -
¢ Qo
5 1000 F
S8 + 0.2mm
€ i} 800 r
8 2 = 0.5mm
>§ 600 - 1.0mm
i 400 - x 1.5mm
200 | x 2.0mm
0
0 05 1 1.5 2 23 3

Displacement mm
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Fig. 7-29 Relation between yield stress and electrode gap of one-sided
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7-32 Behavior of shear stress in Bakelite

1500V/mm
1000
500
WMWMW\'W
0 200 400 600

Displacement um

ERG thickness: 0.3mm, Electrode width and gap: 1mm
Upper plate: Glass ( BK7)
Shear rate: 20um/s, Temperature: 23°C

Fig. 7-33 Behavior of shear stress in BK7
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Fig. 7-35 Materials which can obtain ERG effect
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Fig. 8-3 ERG on one-sided circular electrode
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Fig. 8-4 Schematic diagram of ERG torque transfer device
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Fig .8-6 Experimental setup of measurement for transferred torque
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Fig .8-11 Result of step response test
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