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 Addition to these two components, an anhysteretic magnetization M, is
introduced,

H : the applied magnetic field,

coth(H,) a H.. the effective field,
M., =M( - H ) (1) M, : the saturation magnetization,
a e a: acoefficient scaling the H,,
a: a coefficient evaluating the interaction
H,=H +aM (2 ’

of domains statistically.

Based on the M, , the magnetization Mis formulated as,
dM. B 1

Irr

- (Man
dH d(//uo_Ol(lvlan_l\/lirr)

, =C(My =My M =M, +M,, *)

Where 6= %1, depending on whether the H is increasing or decreasing,
the coefficient k represents the pinning strength and the coefficient ¢ quantifies the share of
the reversible component of the total magnetization.
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Influence of temperature on the internal friction of Effect of frequeng:y on the modulus of
A542M (2.25Cr-1Mo) steel at 0.1Hz and 1Hz. A542M steel at different temperatures.
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=iRERRTEI3RY (ASL) S ERiE 2

Anelastic creep

_____ e

A542M steel, o, —343MPa at 873K
NI EREEEBRES I RYSERER

& (t)=¢,+Ct" + Kt —(Ctn 0 <0
T ( ) 0 ga(t)—Ct lc
& (t)=¢,+Ct" Method A H /eV n, C
Internal friction | 7332 2.8 0.31 514 x10™
& (t)=¢
Creep behavior at a given stress, ASL testing - - 0.30 5.05 x10 ™"
(a) ideal solid, (b) anelastic creep and (c) viscoelastic creep.
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HEER— BV TRIEE1EIE 1 -
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IEZREICKBMmEEY (R=-1)

HBRRFREFAREBHEEREE R TRPR
BRI A4t hn

. |

‘NIMSIZE(THHH%E
EREMERRIC, XHYAVIVEF S
PREHIE (D117 (HIE) DEAEEL vt v
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L#E (O
FREER-AEL .

eI B E A [1__ Displacement
5% & KIRIBOEKRK Hom —» j
RENRFZHEBR T O BHEmICHELTRE
L—HiRENE : IR TE BT IR A ISR

BRI % O IER IR i

o

SREOCERKICKSIEREET K Specimen 1 C
FA—RTAY7 T2V 3> (AE) & — ~
SEHEEEROIERIRICLITDBHRE )
gFiﬁﬁ%ﬁ?éﬁ Laser
BRI &Ry, BEEK. NG EE
ERER . EREREE
MEZEIL-SILER
k. ML, SREBRALERORE ., ERETERAWFE.
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Continuous Wave Memory (CWM)

B CWM system
® Continuous recording of waveform
® NO preset threshold and NO dead time
® Repeatable analyses by replaying of
continuous waveform

M i‘ssed

o o o o
RTINS
————

i

\oltage / V

|
o o O
3]

|
=
e

i i i i
0 zooo 4000 s000 8000 10000

B Analysis Tinlwe/us

® Noise cut: continuous FFT & Wavelet | — : Threshold

® AE: ter calculation for event S : Measuring
.parame er ca cug on for events . Dead time

® UT: Velocity, Attenuation

® Non-linear ultrasonic: Harmonics and

Sub-harmonics
® Photo Acoustic Spectroscopy
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Non-linear Ultrasonic Analysis during
Ultrasonic Fatigue Testing (RT)

Piezoelectric driver
\/ Controller

AE Events
Horn /

2" Harmonics \
4 N
;:imen \

Air cooling nozzle

100Hz/0.1s

Ultrasonic Fatigue Testing + LVM Each 200cycle AE Threshold:100mV

-Frequency : 20kHz

-Stress: 180-420MPa

-Measurement Freq.:100Hz-1MHz
High strength low alloy steel (JIS SCM440) *2nd Harmonics —
Quenching: 1153K(30min) Dislocation separate from pinning site
Tempering: 473K ( 60min) *3rd Harmonics — Multiplication of dislocations
Vickers hardness: Hv:550-560 - AE (over 100kHz) — Micro crack generation

2014/01/16 FE24[ERACEIOFY L 48



BB R SRR O IRB) A
BFERBAORE|
- bl & R E Al

TTKEERITEHEART200KELEIELY
DAF RN BDBF RESFIX. BEFRR—ZNL-EARR
FEARICEYEENECLTHRBRA DR EANMNEE

SAMDREICEBL—F IR EMR
ERIRESIC KXY KRB DRFICTKDIIRANDIEE

-BREBSESAM—ILR
BRI CREEHI T SRERES -2 (TS
L—HRBESAMISAELRNESIIZIAMN — LR EE RIS

-EEREICLE/ M XBREE
AED I ABRIHEIZER e
2014/01716 %24EIRACEIDH Y L 49

ERBABRRAIZAF A2V

L—+ « DEEE

B b HiAER
| & E
w—s Il 95144259k

Lo T

EEBRF

2014/01/16 FE24[ERACEIOFY L 50



KRR D IR E

s
%

Ti-5Al-2.5SnELIE €, 77K

TIEERBRAICHETHBEREFABRDDOIRERE1IHZ D EEE, 1sATY T TERGFFTIZE
UM L=23RK. FZ5RR. F=afREEE T, E_SRK. F=SRRITHEFSICK
EIEHRNGTRIIRONGEo=D, DIRITI T BN KRS AFBEE/NSLFEE N R ST
ATD9.0X106LURFICh e iz ERENR 5N,

2014/01/16 F24RRACEOIOFYH L 51

BB S ERBE D AE

TIAEERBRAICETIBREREFHBIDAEEYFRUEEYEDEE(AERIBIZHE)E R,
AE (&, BRERDBETHFICEEEHSIN T,
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150 3
= 14 Displacement, um -—100kHzHFP-dT
= 2 [ 100 2.5
=S E <
E==¥ = 50 At=6ps 2
62.2 E 0 - > 1.5
g 1
S 50 )
= l 0.5
£ -100 A
t= V|_ -150 = | s
200 : : 1
31mm/5000m/s=6.2us 25 45 65 85 105 125
Time, ps
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FLLKR S EAED G HGL4E

(@)

(b)

(a)[ERBRAIHAI, (b)FRBRPH LRI SR H SN R RG22 DD EATDAERTZRY
o SN T=AEZE, (2) TIX5I3R AR, (b) TIFOYOREBEET=IXEME S RIAERC
ZL{RLN. BHORAMICE>TAELNEE SN T,
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(@), O)I%. HEEFABRAOBE. (©)IFQ@QDPHWEEBBOILEKR, (¢4.5mm, 6a=500 M Pa, Nf=1.082 X 105cycles)
(b), (d)I&. BEREFHAERH OWE, (d)(X(0)PEEREBDIERK, ¢3mm , (6a=500 MPa, Nf=4.185 X 107cycles)
R=-172D T, WEAMIFEERICSR D> TRITKE- TS, EELdmBIcIZT7 2y ErER,
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BESCCHERFFDAEETA

Micro mechanical friction - / Eitting

noise reduction

>

hniE A

SUS304 stainless steel was used and two
specimens of No. 1 and No. 2 were cut into thin
plates of 200 mmx20 mmx 0.2 mm. The Vickers
hardness of them was HV420. A tensile stress of
1000 MPa was applied to the specimens forced to
U-bend. A 3 ul droplet of 25 % MgCI, solution
was set on the surface at maximum tensile stress
of specimen.
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KBR77 %  BMSCCHBR

SUS3045& S 4% (100x100x0.2mm3)
N TEE{E# : Hv433(421-442)
BRI HL  HV205(197-210)

SCCREREH
25mass%MgCl, & i (2ul)
BB 343K, R :30%
h (& 51 (MPa)

N ITEE{E#F : 1000MPa
BEIE B H : 600MPa

AEEHRIEH
Fl11§:74dB
AEZ 1 F:M204A(180kHz 3t #E EY)x2
BRI 1IL4 : 10kHzHP
B2 T4 2MHz/12bit/2¢ch

a: cover glass, b: droplet, c: PTFE tape spacer, d: specimen, LZELVE:40uV
e: Bending force plate, f: AE sensor, g: AE sensor mounting jig | 2chEw b #A 4 H
2014/01/16 FE24[EIRACEOQF 7 L
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VMS: F—I > AVB7010+VH-Z250R (X200-2000)

2014/01/16

F24BRACEIQFY L

60




SEERFEER  VMS (1) _

IR+
358Ks 498ks 535ks
B E TR
F24ERACEORFY L
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(a) MM ITFE{LH (b) BRI
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SCCOXHRCT

ITREEH B EH
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X$ 72kv 100power
SID200mm, SOD4.3mm
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SUS304M N THE{E# DSCCHRERFFIZCRON=/N\TIILEEDREHZ. I THE{L
MBEVBHFIELEH OXEECTRUMESEMERIZLYIToT=,

DXH#RCTIZLDHSCCOMEIRIE, MMM B WS ARENEM LS RMERTR
HTEEM oA RAERAEYMIMARESE Y RE SN,

)T R BIREALIEAM OB ESEMEERIZH LT, ERMERITBARIER
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Organization of Non-destructive Materials

R

eliability Evaluation in NIMS

— -
- -

Mechanical properties
from atomic scale

Elastic modulus,
viscosity

Wave velocity, Amplitude, Harmon

'INumericaIsimuIations I—

Wave propagation

| Residual life (Reliability) prediction

Microstructure evolution . .
Relationship between

measurement parameters and life
time based on NIMS data base

Simulation &
Experimental

Wave
propagation
Inverse
analysis
1

Dislocation,
grain size,
precipitations

Wave parameters

\Vi
Life time

ics, Reflection, Transparence Time, Stress, Strain, Cycles

2014/01/16
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- - - - -~ ~
~ - = ~
~ ~
7 ~
L7 H Project |  NIMS ﬂ Cluster ﬂ N
/s 0 \
. - Life Prediction of Creep, "Creep Gr. A
/ Fatigue, and SCC *Fatigue Gr. \
/ - Damage Evaluation by using THz * Corrosion and SCC Gr. \
= Low Temperature Materials Gr. \
» Ceramics Gr. ‘I
NDE Gr. - Composites Gr. :
University ‘ Established in 2008 !
\\ /
\ AIST: National Institute _ "~ JAXA :Japan Aerospace /
N of Advanced Industrial NI MS Al ST JAXA Exploration Agency 7
«Science and Technology Joint Research P
N
e
RN - - Defects detection for Rocket | Com pany + -
S o *Life Prediction of Rocket Engine —
~ ~ - -
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Challenges of NDRE 4| Measurement techniques li Flow of research
(. | | ) N tact Developed wide band/
fale- on-contac
1):'\:'3“& . high sensitivity devices
- High performance materials Laser-UT&AE, +
- Degradation evaluation Metals . . .
2)Equipments : FRP ECT, Wave propagation simulation
- Non-contact mea-\surement Coating THZ +
) Creep, Fatigue, Corrosion
- Quantum (nano) device & Coating database
3)Analys: e - Penetration
-Numerical simulations propagatM ,v
-Life prediction Microstructure  Metal/Composites Life assessment
L Y, evolution o J
_Wide band/High sensitivity detection



NIMS-AIST-JAXA
Research partnership in NDE
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Key in Reliability of Combustion Chamber
of Liquid Fuel Rocket Engine

Measurem@i)oint

Combustion chamber spedimen

Outer wall (Ni)

Electroforming Cu
= Coolant Channel

Chamber wall (Cu)
Creep damage
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Application of Numerical Simulation
for Ultrasonic Wave Propagation

Two step elastic wave equations using two Elastic wave equation using
variables of particle velocity and stress. displacement variable.
(New method & FDTD method)  (Traditional TD method)
ou o
1-D. LT T P =" o
expr. o ox ot ox 2
ou or ou
\ Fu_T g _c
ot OX OX
v |2 o 27 u | |2 o 27
at . ax ay XX atz B ax ay XX
Ao 17| o EQ{TW] -pazuy 0 o o|b
2-D. at oy ox Ty o oy o Ty
expr. L (5 0‘ (5 0‘
aéla—t Cll ClZ C13_ aX a _V Txx Cll C12 C13_ 8X a —U
-—Yi-|c, C, C,| 0 — }h T,|=|C. Cp Cul 0 — }
ot oy vy oy LYy
aT,, Ci Cu Gy o ol Ty Cis Cp Cy o ol
| at | oy ox | oy ox ]
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Computer simulation method using combination of
two-step elastic wave equation and
simple model of elastic materials

Elastic wave equations using two variables of Simulation model of
particle velocity and stress. elastic materials.
General p@v _VeT oT _Cvy ® ® ®
notation. ot ot s
[ [ [
2D ov, Kl 0 0 T 2-D. model
notation o ot |_|ox oy T,
70 I A
oy ox|Lw
[T, | o ]
3 1o °
8T Cll ClZ C13 aX 6 _V
FW =1C, G, Cyu|l O 5 Vx}
LY
Ay | L Ca Cula o 3-D. model
L ot ] Loy OX]

@ Displacement / Velocity
@® Stress
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3-D simulation of ultrasonic wave propagation
for copper plate with groove and model defects

Damaged

area

p =8.92e3kg/m?®
C,, = 2.24el1Pa
Base c,, =4.60el0Pa

metal

H,-channel ----

Inner wall of combustion chamber of rocket.

Stress pulse Slit HO.5-W0.1-L2mm

/

+—> <+——>
Calculation model for the wall, 1-2Mm 1.0mm
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2014/01/16

Ultrasonic wave propagation in copper plate with
grooves ( Inverse Analysis to detect defect signal )

Only displacements normal
to the surface is displayed.

4) Layout of grooves and slits
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Application of ECT with AMR Sensor

a). The specimens

Aluminum plate with grooves and defects

40 -

a0
(REE) 10
1 1>

-
+0
g W=02
a0

Eur
f

AR AGRIER o s 4

~  ABNRID
MEAFHAETE D) RE02mm 2 FE05mm (3 RE08mm (KFdmm, 8802mm)

Copper alloy plate with grooves and defects
2014/01/16

Copper alloy chamber with
grooves and defects

Length: 2mm, 5mm, 10mm
Depth: through, 70%, 50%, 30%
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AMR sensor and ECT system

AMR: anisotropic magneto resistive

Sw2

TR W ,
M é:Set/Reset W
— T .,
mm v

Preamp  AMP

— Integrator
é[ Offset SWI
S Ve

Driving circuit for AMR

(Thickness 1.5mm)
AMR chip

-
o,

H
ou

10%4

Field noise spectrum (pT/Hz %)

10'4

X Axis Title

Field response of AMR

O

Circular excitation coil
2014/01/16

Noise spectrum of AMR

O

Differential excitation coil

3 Field noise spectrum measured in our laboratory

T T T
10 100 1000

ECT equipment with AMR

Block diagram of ECT

=) P

Zdlrect|on Xdlrect|on Ydlrect|on

8E24BIRACEIRF L 78



Results of ECT with AMR Sensor

a). Results of Al plate

(0150101
(0s0/100)

025020 050721 0750721

Results with circular coil

050

02020 gsop (0750721

Results with differential coil

(15000 (0so/100

oasosy

Results with differential coil

(07507101

Amplitude

b). Results of Cu plate

Amplitude

10

Amplitude

20 3

Z direction AMR sensor

0 10 20 30 40 50 6 70 8

//

——/ 0.8mm
7\ usmm 4KHz
u

0 10 2 30 4 50 6 70 &
¥ direction (mm)

0 S0 e 70 80
¥ direction (mm)

Amplitude

A(2KH2)-0.28"ABKHz)

o 20 30 4 % 6 70 8
¥ direction (mm)

X direction AMR sensor

Y direction (mm)

~ 16KHZ
N

I \
~

~
0.2mm

S—

Amplitude

A(2KH2Z)-0.28*A(8KHz)

0 1o 20 30 4 5 6 70 8

50 60 70 80

o 20 30
¥ direction (mm)

¥ direction (mm)

Y direction AMR sensor
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c). Results of Crack detection
0.744 | 10mm =0 10mm
0.7424 1.754
g 070 3mm g 1704
2 o738l \1 2 5mm
?{' 0736 lepth: 50% Depth: 30% g 1.65{
0.734 1601 3mm
t Wy
0.7324 155 Depth: through Depth: 70%
S0 % 10 1o 20 280 a0 a0 0 % 1m0 10 200 20 a0 0
Degree Degree
d). Damage evaluation of Cu-alloy
" N wverm| ... In the vector impedance by
0o Y HTe | ECT, the relative conductivity
FRL HT1 HT6 ., 0\ o™ oot b tned to oo
Fatigue, RT Fatigue, HT Creep, HT & \\ 0046 >, cou € used 1o I.e.n ify the
i 002 0.0436 E.E' temperatu re condition, the
oo \Asé\\_/- e 3 relative permeability related
. \/\\ oz 10 the applied strain by FEM.
} =N 0043
0.029 T T T 0.0428
0 2 4 6 8
Position, N
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