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< Creep ————>J<— Creep recovery
B h’
E / hy 1
'QQ h ’
= hz 2
a o
a

hy hy’
0 Time ¢ [s] %

Fig.1 Viscoelasticity characteristics provided
during creep and creep recovery processes.

Ry

Fig.2 Four elements equivalent model.

Nozzle

/

Nozzle diameter d,

o— Air pressure P
Force I

/

Diameter d

Fig.3 Depth measuring method of produced dents.
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Tablel Specification for testing equipment.

Loading method.

Air jet

Maximum force

500kPa

Minimum force

1kPa

Waveform

Rectangular
wave

of load or
unload

Shortest time

0. 1s.

Laser displacement sensor

Standard distance

40mm

Resolution

lum

Shortest measurement time

0.001s.

Form measurement sensor

Light rays

Compressed air

Dent

Object

Pressure sensor

TV monitor

Regulator

Air comipressor

Fig.4 Composition of testing instrument for dent

measurement
Fluid air jet device ™ Shape de;zecﬁcn N Operation part
device
Air compressor Dent shape Compliance
v ) ¥
Regulator P Dent depth h Equivalent depth
¥ v ¥
Diaphragm Dent diameter d Creep curve
¥ v
Alr jet nozzle d Recovery curve
¥ ¥
Dent Envelope

Fig.5 Diagram of tester for dent measurement




Measurement sensor
~+ - Flow sensor &

Il
| Nozzle
1 Material

o

Pressure
sensor

Fig.6 Summary of measuring equipment.

Load

No- Load 1

Time

(a) Cyeclic loading and unloading

Load

Lodd 1
/N(JOad 2

(b) Creep and creep recovery of dent depth

Fig.7 Pattern diagram of creep and creep

Depth A [mm]

recovery curves obtained by cyclic
loading and unloading.

6 e | ==1=00s

5 Sample..Shme | =15
Pressure: P=20kPa | o t=10s

4 t=35s

3 A%

2 T

1

0 20 40 60 80 100

Elapsed time ¢ [s]

Fig.8 Variation of dents depth for creep time.

T

P=20kpa | = Slime
£,=20s ====Pudding

Kinu-tofu
=== Skin gel
»Momen-tofu

Depth A [mm]
S

——

0 20 40 60

Elapsed time ¢ [s]

Fig.9 Variation of dents depth for creep time.

Depth /4 [mm)]

pdeq
& Elapsed time ¢ [s]

(a) Skin gel

s 3 5kPa
g e ) SkPa
: e ) Ok Pa
- 1
£ 1,=20s
[

Elapsed time ¢ [s]
(b) Kinu-tofu

Fig.10  Variation of dents depth which appeared on
soft samples.
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20
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Pressure [kPa]

0 2 4 6 8
Elapsed time [s]
(a) Cyclic loading pattern at constant

pressure
0.8

0.6

0.4

Depth[mm]

02 |

Elapsed time [s]
(b) Creep and creep recovery of dent depth

Fig.11 Viscoelasticity property obtained by
cyclic loading and unloading pattern.

25

£ 20

)

g 15

g

-9 10
5

2 4 6 8
Elapsed time [s]

(a) Cyclic loading pattern at constant pressure

Depth h [mm]

Elapsed time [s]

(b) Creep and creep recovery at constant
pressure

Fig.12 Viscoelasticity property obtained by
cyclic loading and unloading pattern.
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Depth h [mm]

.
(S}

Creep cyclic load

—
o
r

essmmm==a Creep constant load

Depth /& [mm)]
o oo

>N

(8]

0 2 4 6 8 10 12
Elapsed time ¢ [s]

(a) Cyclic loading time of 0.5 second.
12

Creep cyclic load

10 f e Creep constant load
Es
<6
<
&
Q 4

2}

[ 2 4 6 8 10 12

Elapsed time t [s]
(b) Cyclic loading time of 1.5 seconds.

Fig.13 Creep and its recovery by cyclic unloading

time change.

12 esmssmem Creep cyclic load
10 e Creep constant load
8

6

4

(8]

0 2 4 6 8 10 12
Elapsed time t [s]

Cyeclic no-load time of 1.5 seconds.

Fig.14 Creep and its recovery by cyclic

unloading time change.



e 60k Pa
100 ———
g w50k Pa
% . e 45k Pa
S 60 s 40kPA
& t=20s
Q
& 40
=y
5 20
0 40 60
Elapsed time 7 [s]
(a) Skin gel
100 R
z sz 30k Pa
% 80 -
E TR
~ 60 20kPa
g 1,=20s
g 40
a
E 20 e
Q
’ 20 40 60 80 100

Elapsed time ¢ [s]

(b) Kinu-tofu
Fig.15 Elapsed time and compliance for pressure.

Table 2 Creep compliance for pressure at 40

kPa
m/F Bl F hslF
[mm/N] | [mm/N] | [mm/N]
Skin gel 68 12 5
inu-tofu 60 10 22
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e 60k Pa
< 100 cwmm 55kPa
= % s 50kPa
< asmedSkPa
j 60 s dQkPa
=3 t,=20s
S 40
3
£ 20
&

m e
0 20 40 60
Elapsed time ¢ [s]
(a) Skin gel
sz OkPa
= 100 y 5 w3 SkPa
E}: 30 _(’/' wnmea 30k Pa
$; em=m) SkPa
j 60 @z ) 0k Pa
= £,=20s
[
T 40
8
£ 2
=
o
m I I
0 20 40 60 80 100

Elapsed time ¢]s]

(b) Kinu-tofu

Fig.16 Elapsed time and eq uivalent depth for pressure.

Table 3 Creep equivalent depth for pressure at

40 kPa.
]23/ ]1 r
Infher %) | belher (6] | S, ]‘
Skin gel 80 14 6
Kinu-tofu 65 11 24
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