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5 12.5 35.5
6 18.0 51.0
7 24.5 71.6
8 32,0 91.6
9 40.5 113.9
10 50.0 139.0
11 60.5 168.0
12 72.0 206.0
12.5 T , T y
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Fig.2-11 bischarge current as a function of

Table 2-1

Electro-magnetic force.

charged-up voltage of the condenser.
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Fig.2-12 Electro-magnetic force as function
of energy charged-up in the condenser.
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Fig.2-13 PZT transducer.

b

Table 2-2 PZT transducer (7D-10-1800)

Frequency constant (Hz-m) 1800
Piezoelectric constant d (m/V) 498%10™*
Piezoelectric constant d (Vm/N) 31.2x1073
Dielectric canstant € 1800 ’
Young's modulus E (N/m2) 6.2%x10%
Density = (kg/ m3) 7.4x10°
Poisson’s ratio o 0.3
Curie point (°C) 320
P= v (2-7)
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Fig.2-14 Strain gauge ( EP 1002 )

Table 2-3 Strain gauge ( EP 1002 )

Gauge length l (mm) 2
Gauge width d (mm) 0.2
Resistance R (£2) 1000
Gauge factor K 190
Temperature (°C) -10~, +70
Curvature (mm) 5
Strain limit 3x1073
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Fig.2-18 Schematic diagram of pulse source,
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Fig.2-19 Low intensity
shock pulse in aluminum
bar. Charged-up energy
14 J. (a) stress wave,

(b) strain wave.
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Fig. 2-20 High intensity
shock pulse in aluminum
bar. Charged-up énergy
40.5 J. (a) stress wave,
(b) strain wave.
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Fig.2-21 High intensity

shock pulse in aluminum bar.

Charged-up energy : 40.53J.

This signal is strain wave

by PZT stuck on the end

surface of the specimen.
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Fig.2-22 Stress waveforms of shock pulse.
Charged-up energy : 14J.

Waveform measured (Fig.2-19 (a)),

——— waveform estimated (Fig.2-11 (b)).
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Fig.2-26 Stress amplitude of shock pulse
in aluminum bar as a function of energy
charged-up in the condenser of pulse source.
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Fig.2-27 Stress amplitude of shock pulse in
steel and copper bar as a function of energy
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Fig.2-29 Photograph of stress
waves of shock pulses for the
aluminum bars before and after
annealing. Charged-up energy

4.53. (a) before annealing,
(b) after annealing at 350°C,
(c) after annealing at 500°C.
Vertical 50V/div., horizontal
: 20us/div.
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Fig.2-30 Photograph of stress
waves of shock pulses for the
aluminum bars before and after
annealing. Charged-up energy

32J. (a) before annealing,
(b) after annealing at 350°C,
(c) after annealing at 500°C.
Vertical 200V/div., horizontal
20us/div.
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Fig

.2-31 Photograph of stress

waves of shock pulses for the
aluminum bars before and after
annealing. Charged-up energy

: 50J. (a) before annealing,

(b) after annealing at 350°C,
(c) after annealing at 500°C.
Vertical : 200V/div., horizontal

: 20ps/div.

(a)

(b)

(c)

—{ 10 bar -

50 bar b

-

2,

100 bar |-

—{

Fig.2-32 Variation of stress

waveform of shock pulse in
aluminum bar. Charged-up
energy : (a)4.53, (b)32J,
(c)50d.
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Fig. 2-34 Variation of strain
waveform of shock pulse in
aluminum bar. Charged-up

energy :
{c)50J.
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Fig.2-35 Dynamic stress-strain relation-
ship for peak value of shock pulse.
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Fig.2-36 Variation of stress waveform
of shock pulse in copper bar.
Charged-up energy : (a)4.5J,(b)32J,
(c)50d.
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Fig.3-7 Waveform distortion due to velocity dispersion
forj various propagation distance.
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Fig.3-19 Arrangement of a trancated cone and
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Table 3-1 Values of O, r and D for six cones.

Con2 1 2 3 4 5 6
number
8 (deg)
1.4 1.7 2.3 3.4 1.6 6.5
r, D(mm
r, 400 333 250 167 127 88
rs 480 400 300 200 152 132
ry 560 467 350 233 177 220
ry - - - - - 309
rg 600 500 375 250 190 388
D, 10 10 10 10 10 10
D2 12 12 12 12 12 15
Ds 14 14 14 14 14 25
D, - - - - - 35
Dg 135 15 15 15 15 44

Fig.3-20 Typical strain histories for 6.5-deg cone.
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Fig.3-26 Arrangement of bar, half-space and strain gauge.
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Fig.3-27 Waveforms of incident and reflected pulses
detected by strain gauge Gl.
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(A) Low intensity pulse, (B) high intensity pulse.
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Fig.4~-1 Schematic diagram of the bowing out of a pinned
dislocation line by a increasing applied stress.
The length of loop determined by impurity pinning is
denoted by Lc , and that determined by the network by Lw.
( by Granato-Liicke 83) ).
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Fig.4-2 Stress-strain curves. Solid line shows
the stress-strain low that results for the
model shown in figure one. The broken line
is that which would results if there is a
distribution of lengths Ly and Lc . ( by
Granato-Lucke 85) ).
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Table 4-1 - Chemical analysis of aiuminum bar.

Cu Si Fe Mn Mg Zn Ti Cr Al
wt Rest
(%) 0.008 0.013 0.17 0.001 0.001 0.005 0.018 0.016 (about)
99.8
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Fig.4-4 Typical stress and strain histories of first
positive pulse Vi , and second negative pulse V2
used for calculation of attenuation constants.
Specimen : after annealing at 450°C. (a) Stress
wave, (b) strain wave.
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A.
Table 4-2 Q(E), _W'_)att and (Aw)hys.

Annealing Peak value (E)
temperature of pulse X106 nepef) ( )att C—_ahys

(bar)
99.2 30.3 0.26 0.29
350°C 112.5 53.7 0.42 0.45
133.6 115.1 0.68 0.69
96.0 19.0 0.17 0.22
450°C 104.6 70.5 0.51 0.58
116.8 106.0 0.65 0.79
83.2 68.4 0.49 0.54
500°C 92.5 128.8 0.72 0.68
115.8 207.2 0.87 0.70
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Fig.5-3 Typical waveform
of incident pulse.
Vertical : 200V/div.,
_Horizontal : 20ms/div.
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Fig.5-4 Peak value of shock pulse as a function of the
electrostatic energy charged up in the condenser of the
electric pulse source.
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Fig.5-5 Output from a PZT transducer
for moderate intensity pulse.
Medium () : (a) before annealing,
(b) after annealing at 500°C.
Vertical : 100V/div., horizontal
20us/div.
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Fig.5-6 Output from a PZT transducer
for high intensity pulse.
Medium (TI) : (a) before annealing,
(b) after annealing at 500°C.
Vertical : 200V/div., horizontal :
20us/div.

AF v 2 & RV 2 ORI, 91 6 0OuSTPZTHbERE TOEHEN 40 cm,
FNI=U ABHCRIFEEES K E000m/STHETERELD L. COADANVAZ, BR
DORHLELDTH Do AVAMERD &, REANVZAD AVAHRBAS AV 2L VEL R -
TWBZ Edibhboe

fFHEODdEC, EERFER(O ) EZRATRDTHL,

RCG):O‘%O (5-3)
10

ZTZT, O3 0BIVO [ o BINEFNRABE AV 20 i (LIBIXERBFAVAC (tDDY —JfH
TH5o

Fig. 5-7CZDRELTT. HMicd, REAVZDY —JENEHENBEDDOEY T O
v PLTWoo FERMHER(OIR, A ANVZADE —JfE0 j o BNERT HCONTHKAL,
FRBEMBENEVIZE TOMERAE V.

LTHTFig. 5—7@RLIERRIEB, AV ZOREZER®D 4 0 con g & T 5T -
TWBDT, BREKT BEORHELRL TV ThbbRE SNAAS AV 25 ERE

g =



—(),30r—Av T J ’

0.25 ]
% -0.20}- a —
© /
- a
z //// :
5 =0.15 —
Z /D /A
G
2 o A
Q
© -0.10 ////// ////////// e
c (0]
o : s o
o ~ 7
2 o
< -0.05- yd —
x

o_Av I I J_
0 100 120 140 160

Peak value of incident ( bar )

Fig.5-7 Reflection coefficient of peak value as
a function of the peak value of incident pulse.
Medium (I) : 00O 350°C annealing,

AAA 450°C annealing, pon 500°C annealing.
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Fig.5-8 Waveforms of incident pulses.
Measured ( at PZT position ), )
—=——~ calculated by Pockhammer equation( at interface)
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Fig.5-9 Waveforms of reflected pulses.
Peak value of incident pulse : 110 bar.
Medium () : after annealing at 500°C.
Waveform of reflected pulse measured
at PZT position,
————Waveform of reflected pulse at an
interface calculated from the measured
one.
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Fig.5-10 Peak value of reflected pulse as a

function of incident pulse. Medium (I) :
(a) 350°C annealing, (b) 450°C annealing,
(c) 500°C annealing.
000 Value measured at PZT position,
@ 8@ value at an interface calculated
from the measured one.’

0.8 l T T
~~
>
o | 2 T Calculated
»0.6 - (XXX} Measured _
§
o]
3}
::
- | - ——————-— - - __
g0-4— . ® e hd ¢ o —
34
o
©
o
20.2} _
)
it
-
®
-
0 | ] ]
-0 40 80 120 16

Peak value of incident pulse (bar)

Fig.5-11 Reflection coefficient of peak value as a
function of the peak value of incident pulse.
Medium (I) : Aluminum bar before annealing,

medium (I) : copper bar before annealing.
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Fig.5-12 Stress-strain relationship with variable
of time for high intensity shock pulse in alumi-
num bar hefore and after annealing at 500°C.
Open circles are for specimen before annealing
and closed circles are for after annealing.
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Fig.5-13 Schematic diagram for analysis of
reflection phenomenon.
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Fig.5~14 Peak value of reflected pulse as a
function of incident pulse. Medium (1) :
(a) 350°C annealing, (b) 450°C annealing,
(c) 500°C annealing.

coo Value measured at PZT position,
eoe value at an interface calculated
from the measured one,

value at an interface estimated

analytically.
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Fig.5-15 The waveform transition of
reflected pulses by repetition of
incident pulse.

Peak value of incident pulse : 200 bar.
Medium (IL) : after annealing at 330°C.
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Fig.5-16 The waveform transition of
reflected pulses by repetition of
incident pulse.

Peak value of incident pulse : 200 bar.
Medium (I) : after annealing at 500°C.
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Table 6-1 Classification of high damping alloys

) Examples
Type Mechanism of damping Motal or Practical
alloys alloys
Composite- Viscous flow at interface Fe-C-Si FC-10
type between two phases Fe-C-Si R.F.C
Al-Zn -
Ferromagnetic- | Magneticmechanical static Fe, Ni T.D.Nickel
type hysteresis associated with Fe-Cr 12%Cr Steel
the irreversible movement of Fe-Cr-Al | silentalloy
magnetic domain Co-Ni NIVCO-10
Dislocation- Static hysteresis due to Mg,Mg-Zr | KIXI alloy
type : breakaway of dislccation from
pinning point by impurity atom
Twin-type Static hysteresis associated Mn-Cu Sonostone
with the movement of the twin Mn-Cu Incramute
boundaries in the fct phase Cu-Al-Ni -
or interfaces seperating the TiNi -
fcc phase from the fct phase
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Table 6-2 Chenical analysis of Mn-Cu ally.

Mn Ni Al Fe Cc Co Si Cu

1.72 4.25 4.31 0.01 0.01 Tr Rest
(about 35)

wt(%) | 54.94
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Fig.6-3 Schematic diagram of measurement.
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Fig.6-4 Output signal from PZT
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¢c) 70°C. v
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