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Proposal of Creep Life Evaluation Method for Serviced Mod. 9Cr-1Mo Steel

Considering Hardness Values

Shikoku Research Institute, Inc., Energy Engineering Department
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Kagawa University, Area of Mechanical Systems Engineering, Faculty of Engineering and Design
Hidenori Yoshimura and Hideyuki Hirata
Meijo University, Department of Mechanical Engineering, Faculty of Science and Technology
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Abstract
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In order to avoid troubles caused by damage of steam piping of thermal power plants, it is strongly required to

improve accuracy to predict Type IV creep damage of Mod.9Cr-1Mo steel. Although Type IV creep damage occurs at

the heat affected zone, it is recognized that the creep strengths between the welded joint and the base metal have

correlation. So, remaining life evaluation of the base metal is very important. In this report, the method for

estimating the change in hardness due to creep was applied to unused and serviced Mod.9Cr-1Mo steel, and from

the results, a method for estimating the creep life equation for the serviced material was proposed. A thermal aging

estimation equation that expresses the change in hardness due to thermal aging, and AG and AGserviced parameters

to express the acceleration of softening of unused and serviced materials were formulated. Based on the AGserviced

parameter and the creep life equation of unused materials, the creep life equation for the serviced materials was

constructed, too. It was shown that this equation can accurately estimate the rupture time in short and long-term

regions.
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Table 1 Test conditions and number of data.

Stress ¢ [Temperature T| Number of data | Reference

[MPa] el Ruptured Aged No.
76~157 600,650 4 14 6)
54~68 680 3 7)
71~167 600,625,650 6 8)
Unused 30~200 600,650,700 16 9)
700,720,740 11 10)
550,575,600,
30~240 625.650.700 112 11):NIMS

Serviced | 39~160 600,650,670 | 6(5")

*1) Hardness measurement data

Table 2 Piping specifications and steam conditions.

Material KA-SCMV28 NT SR
Pinine Snecification (Mod.9Cr-1Mo steel)
pig Sp Outer diameter 711.2mm
Thickness 39mm
.. Pressure 4.52MPa
Steam condition S
Temperature 596C
Usage time about 120000hours

Table 3 Chemical composition and
heat treatment condition of base metal.

Chemical composition (wt%)

C Si Mn P S Ni \4 Nb
Test material 0.09 0.35 0.44 0.006 0.001 0.14 0.2 0.08
.08~ .20~ .30~ 18~ .06~
Specification 0.0 0-20 030 =0.020 | =0.010 [ =040 018 0.06
0.12 0.50 0.60 0.25 0.10

Chemical composition (wt%) Heat treatment condition

Cr Mo N Al Normalizing Tempering
Test material | 8.44 0.98 0.047 0.01 1050 Cx30min 780" Cx30min
8.00~ .85~ 1 0.030~ . . .
Specification 00 085 0.030 =0.04 | 1040 C~1095 C =730°C
9.50 1.05 0.070
Weld

Base metal HAZmetal HAZ

Fig.1 Position of specimen cut from piping and
size of specimen.

Table 4 Creep test conditions and results of
serviced material.

Temperature T(°C) Stress o (MPa) Rupture time 7, (h)

160 60.0

600
140 244.0
100 184.2

650 80 975.1
70 1725.1

670 39 12161.5*"

*1) Estimated rupture time based on creep strain curve
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Abstract

Type IV creep damage in fine grained heat affected zone of Mod.9Cr-1Mo steel has been concerned and extensively
studied for steam piping of thermal power plants. However, the evaluation of Type IV damage by EBSD
measurement is not enough. Serviced materials that have been used for a long time in an actual equipment are
considered to effective materials for investigating microstructural changes in a long-term region. In this study,
SEM observation and EBSD measurement were performed on the material of the Mod. 9Cr-1Mo steel FGHAZ used
on the actual equipment and interrupted test specimen. As a result, as the creep progressed, strain concentration
due to dislocation accumulation was observed in the portion near the voids, and recovery due to dislocation
reduction was confirmed in the non-void portion, and the mechanism of Type IV damage caused by local strain
concentration was confirmed. AKAM, which is obtained by subtracting KAMieca, which is the KAM value near the
void portion, and KAMo, which is the KAM value of the nonvoid portion, showed a monotonic increase with respect
to the creep damage rate t/t:. The possibility that creep damage can be evaluated by this index was shown. In
addition to examining the estimation formula expressing the change of the KAM value, it was found that the

macroscopic and local void numbers could be evaluated from the KAM value.
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1. [FLE&®HIC

& T (ZERUE D) 24, IMPa DL b ZR5SGR
593°CLL k) k1% E 7T v b OREKELE (2
SNTWDEZ 7 A8 (SR 9Cr-1Mo Hf) [ZH\
TIE, EEREM MRS (LT, FGHAZ : Fine
Grained Heat Affected Zone) IZRA RAFEA -
AR U CREEIZ 2 5 Type IV 815 D F8 £ D3RR
nTWa Y, Type IVHEIC L 2 BKIRREDO R

HEEZRRNIYIE L, BAHELEICHIET D20,

WY RFMETMT 2 ENRODLNTEY
ZDTDITiE, FGHAZ TO 7 Y — 7 1TFE 9 Rk 2
fbEERET 2 ENEETHDL, ZNET, Eh
B PEMEE (LLF. SEM : Scanning Electron
Microscope) ¥ X UNiEIRE FHEMEBEFHLZIZLY
FGHAZ TIZ 7 V=7 DEITIZ K 284 RORAER
LMK Y EENEBEOE T YENfE ST L
DEERIREIN TN D,

PCAE T, B8 5 BGELENT (L. EBSD :
Electron BackScatter Diffraction) (ZF-23< 7
U — A2k ML D REM 2R A M T T
W2 P70 EBSD I 1A REF 1 OO el A I 1 B
DT VHVAERE S E MBI OMMEE 2D
MIZTDHZ ENTE, EBSDHIETE LD HAL
EEMPNBEORIEICRVELEEZLND 7,
B 7 1 LD FGHAZ 123\ CIXEENL % FE & FHES
ZHT DA A7 Y (LT KAM: Kernel Average
Misorientation) % W/ZEEMiAn1ThitCT\5,
FEILD 203 12Cr #8 FGHAZ D IEAR A R D KAM
F7 ) —THERLREBAREAT D WAL
TW5, A5 2IWE 9Cr-1Mo #il & 12Cr 4
FGHAZ >3 & FEIR A1 > KAM 0D % W 28 L A6 1y 1 5
72% 2 &, KAM iX 12Cr #f] FGHAZ D4 FFfnalAic
AN THDLZEEEREL TN D,

CNOIERMERAM Zxt 5 & L2 F6 T o
D3, FEET T o b CRRRMEH S v FEREEE A
Mt BRI COMBENEZMET 595 2T
BheFEmeEzond, L, BHERAZO
B 9Cr—1Mo #f| FGHAZ Z xt5: & L 7= EBSD & |Z
£ % Type WHEOHRE I+ EInhT0H L
=AY AR

Z 2T UARMRZE T, FEAE % ot B 9Cr-1Mo
ooV — 7 Hig Ik ORERATH% O FGHAZ % %F5
(Z. SEM #1223 L OV EBSD MIEZFE L T, 55
niz KM ~ v 7% 5 2 7 n ik b2 0E L

T ARA NUrfEaE & IR A Rl KAM fEIZ 5
S 7 V=T HEFTEICOWTIRET 5, £/,
KAMAE DRI IiC k3 2 HEE X2 Etd 5 & &
HIZ, KAME & ERME L ORI 7R A REHK
DEURIZ O W THRET 5,

2. R 9Cr-1Mo SASEH G AM DHEBHRRG &
FEREAE A D 8 B 9Cr—1Mo # 0 FGHAZ % kt4212 .
7 ) —7HEOEITICHE S I 7 vl E &
BT L0, 7 U —7HigiEDiRER % 30 L T
RBR AT 0O SEM 12233 3 OVEBSD Il 7 % F2 6t L 7=,
7B, RERMOFM S LETIEH DD, RI|T
XA A J K OV 3 M O N EERIC K 5
IR DB A S SRICREm L 7=,

21 #HEMH

PEEAM T, A ERREKRNBET T MITTH
12 IR A L2k B 9Cr—1Mo SRS KA
EE R TR T ORI L7, RKEE O
B LOKRSEM%Z Table 112, fEFRBEL O A4S
R DAL 5 36 K OBVLER S % Table 2 |27
T AR L OBLER SR 13 1V 20 L
TWiz,

22 HV)—TRBELUHEBHREARANER

RER OBEULE, Tk, 78 5 TNT SEM #B143,
EBSD #IE HFEL ORI E % Fig. 1 (27, 3k
R AT BERRRE D IR R IR 2> B A ASCTETIELEE 10mm,
SR & 50mm @ JIS 7 2271-2010 ([ K-S0

Table 1 Piping specifications and steam conditions.

KA-SCMV28
Material NT SR
Piping Specification (Mod.9Cr-1Mo steel)

Outer diameter 711.2mm
Thickness 39mm

.. Pressure 4.52MPa

Steam condition <
Temperature 596 C
Usage time about 120000hours

Table 2 Chemical composition and
heat treatment condition of base metal.

Chemical composition (wt%)
C Si Mn P S Ni v Nb
Test material [ 0.09 0.35 0.44 0.006 | 0.001 0.14 0.2 0.08
0.08~ | 020~ | 0.30~ 0.18~ | 0.06~

Specification =0.020 | =0.010 | =0.40
0.12 0.50 0.60 0.25 0.10

Chemical composition (wt%) Heat treatment condition

Cr Mo N Al Normalizing Tempering
Test material | 844 098 | 0.047 | 001 1050 Cx30min 780" Cx30min
8.00~ | 0.85~ |0.030~

Specification =0.04 | 1040°C~1095°C =730°C
9.50 1.05 0.070
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SPHETERBRLZ, 7V — 7R, s T/
RT-30 i (29. 4kN KD > > 7 NAL) 7 U — 73K
Bk 2 VT, K& CIRE 670°C, IS 7] 39MPa
DT JIS 7 2271-2010 |2 HSWTHr o 72, &
BRGE L OMRWTRER] ¢, & 7 UV —7HER /¢,
% Table 31T/ 7, EHMEHM D7 U —7HER
t/t, IR L 7 U — 7 Hama i Vo
RO D 18.6% EkdT= 9 2T, FHIE
IEOREBEF D7 UV —7HER t/t, ZRE LI
7 ) =7 HmHh A OBEICH N T —2 2 b
CIZH R IEDRER T — X (X Hdh 7 U — 73R BRI
KO/l bDTH DN, KT O FGHAZ (23
W R, I8 R & OMBHRFEDAEIZ L D
Hifli 7 ) —7RBRICB W TH Ll ke L &
ZHNTWS 2, 2D, FEEEE OIS %
LT R 203, ZElSJIREE C OB EREmIX T
ETWD & L7z,

SEM #8122, EBSD I 7& e L, #BR o ol i

Za e CHEAL  Wiifi D HAZ 7> DB 2 BREL L |

it ACHIF BE AR CH2500 & THFEE L7=t%., 7V T
Wie (BRI 3um, 0.3 um, 0.1um) 2K BT
WFEEIZ CHEmE AL BT, RBICEKEE & LT 0P-S
TR (RRRLES 0. 04 um) Z 7K T 4 f5ICHED 728
WRICEDaaA 2l hifExE 1 3T - 7,
K7V —THREMOREZX, F—HRA N&ETemHE
B ClE e < . FGHAZ PN O E DRI 70 SE I & %f
B ERE LT,

| SEM and EBSD observation sampling portion |

Weld metal

Base metal Base metal

Outside

L=50mm
¢=10mm

132mm

Inside

Fig.1 Creep specimen geometry and
observation sampling.

Table 3 Creep test condition.

Creep
Rupture | Interrupted
Temperature (°C)| Stress (MPa) time £, () | time . ) damege
! e (%)
Serviced
material 18.6
Intermunted 719.0 | 344
nterrupte:
material 670 39 3703.9 | 1482.0 51.2
2994.0 84.4

2.3 SEM BEH XU EBSD RlIEA i

SEMBIZIE, v a v h¥—ERMHEEASE
PSR (AARE R JSM-T001F) Z HVTITV,
WA RIAEMEZFFE L, BA FEEZFH L7,
EBSD HIE 1%, Y% FHMEIZ I AT 5z
EBSD #:i tH#8 (Oxford Instruments 4 HKL Nordlys
detector ) . ff &b 5 L fE A 2E & ( Oxford
Instruments  HKL Channelb) Z AW T{T- 7,

%2 ) — 7RG O SEM Bl£2 8 X O EBSD JIlE
THIE % Table 4 127”97, BUAE IR R 5 ER IR
L 7= i Wit o FGHAZ (2% LT, JIER =R
270 %, MIERIFRE 0. 25 um, JIEHIFH 300X 300 ym
& LT, Al 1 sk 2 ER . ANA NUrhs 2 f
SUTHIERFF 2000 £i5, HIEMFRE 0.1 um, M EH
30X30 um& LT, #akkl 3~6 fHA 5
SEM #8182 35 1 OY EBSD il & % H it L 7=

EBSD HIFEIZI VT, [0y REFUTTTALE 107 L
E& LTEEL. Boundary = v FIZ2B W T, Rl
fEemRL UL A ZE 1° ~5° L LTRELE, £
o, RO RFTRY 72 LA, 45 1E 00 B
BT 2 WERMOITAAEDFEETH 5 KAL &
FAWTEMIE L7z, Fig. 2 (T KAM O EZERMETT,
WAL TR NLHEFDRENERTH Y | BRI
5 OWE STIX, MR O CHALENER AL
AL LTEHRLEL2 ULEOLDEFNOHEKIZE
THELTHA L, SIMBIZETHEILIZAA R
8% & EBSD MIEIZ L 5 KAM fif & DBIfR & 4 L
7o

Table 4 Number of observation portions for

each sample.

Observation Serviced Interrupted material

magnification | material | 1/ ~34.4%| ¢/r,=51.2%| t/t,=84.4%

X270 1 1 1 1
x2000 3 6 5 5
Boundary
01 0, 03 0
A
N7
0s <> 0 <> 0, 0 <> 0,
A A
v v
07 | 06 | 65 04 | 05

n
1
Kernel Average Misorientation 6 = ;Z 6;
i=1

Fig.2 Definition of KAM within a grain.
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3. HBHRERELUER
3.1 SEMIZ&BRAFBRBHER

FREM A B X OV 1k D BB D B 2R R
210f5 TORA FMEBEE L 7 V) —THER /¢,
L DORfRE Fig. 31TRT, ARA NMEEEEIL, 7
U —FHEEOEITICE R L, 7 ) —
THIFAZH AR THRFEICB W T L 0 BEEICEML
T2 o BLELREER 270 f% T D SEM W& (O — &k % Table 5
2. RA RIEEEIC R T 2 BlEH% =R 2000 5T
DFN 75 SEM Wifg % Table 6 (2789, Table 5
FORA FBL W Table6 FDO~<A 7 kR A FiZ
KHICRLEDBDTH D, 7V — 73RO Hiih 5|
SRAM  IXEGR O ETF R TH D, RA Rid—
FRIZFE AN, — BB DR A RLIE O J& DI E0R
ARG, ERET DA R SN, £,
7 ) —THER t/1,-84. 4% DREHI BT, Bl
352 2000 {5 CHIEATREZRRIER 1 imFRE D~ A
7 aiRA K% 3 5ECRE 5 MR Sz, W
bR EICEAEL TV, 2B, RA FD4y
fiLTAR T Edl 7 U — 7B T H 5 EAR 1A
ICHBL T L LTV D X DT Ro2 3, FEpsf
Rtk & PR ORA ROoAmIEE LT
WD EnD, Hillhy U — 7B IC X 0SS
WEZFHMMCE2LE26N05,

3.2 EBSD AIEICLP4HHRRER

Table 5 {Z/RTBLEEER 270 5 TO—H D KAM
~ v 7B L O Boundary ~ v 7LV FEE A
CBWTIE, SYHMZE 1° ~5° BR (R
DHEEEROIFEAEE EDTEY, iiE»
KAMABE AN 345 LTz, 7 U — 71RO TI L
W R A R RE IR FIAE A 1 & R L7223,

800

Void number density (1/mm?)
3] W P wn [ ~
E=3 [=3 (=3 i=3 [=3 (=3
[=} (=} (=} (=} (=} (=}
T
Q
O

—_
(=3
=]

=]

0 20 40 60 80 100
Creep damage /1, (%)

Fig.3 Relationship between void number
density and creep damage t/z.

FERA REEBICIB VT KAM EIZIE T L, Hhrzs
1° ~5° BERGIA LR Y | R T 1R
2o TN,

Table 6 |Z/R 9 BLEE(5 3R 2000 5 TO KAM ~ > 7
B X W Boundary = v 7 XV, RA FiurEmEEko
RS RINICB W T, KAMEIXEVWVEEZ R L, %
<oFfiE 1° ~5° HEREF LW, 7V —
THEOHITIT LS R A REINZ X v, KAMED
BB, HAIFE 1° ~5° BERN & BIZIRFPE
W2 LTS B HESR S 7z, Table 6 (27
TV —THRER t/t,84. A%IZTBWTHEZE S
7o LmfEE D~ A 7 aRA REAETH, KAMAE
DEVEEIR, HArE 1° ~5° BERDRFMEIZ Y
fi LT,

KAMAEIXERNALE E 0 B X OO A L B E2 AT
500z LG RA RILEHER TR SIS

Table 56 SEM image, KAM map and Boundary map
for serviced and interrupted material.

t/t,= 18.6% (serviced) | t/t,= 84.4% (interrupted)

SEM Image ~ Loading direction {}

Void—>

]

30pm

Boudary Map — 1" <4, <5 — ,=10"
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L HOTHRES FEARA NIk TITHRAINIC &
LEEBAELCTND EHERI S, WmfEI TR D
BEREL R LI, 7V —7HEOEITITHN,
—HDOHy R RICBNTCOTABEFT D
ZETEMAHB SN THRA RABAEL, T
FENOTHREFTH 2 L CIMABEHR IR T
A KRNI BIZHRET D SN, 72, ~
A7 aRA RIZOWTHRAERR AT =X L TH
ELTEbDEEZD L BV VEBITRESR
D7 EHER S AL, R IRV B

Table 6 SEM image, KAM map and Boundary map
for voided portion at serviced and interrupted

material.
SEM Image KAM Map Boundary Map
Loading 1; 0° 2° — 1 =6,=5
direcrtion [ | — 6210
Void area of #/¢,.= 18.6%(serviced)

Micro void area of #/¢ .= 84.4%(interrupted)

FEICB W THEEORA RREE KETHHD
EHERIE D, L&D EBSD MIEIC LV RAET
B2 O REHFITE R T 5 Type IV D A I =
X LDBHERE NI,

3.3 KAM &9)—TBIEE ¢/t LOBRICEAT 5%

&

SEM Bl£23 L OV EBSD {IEIC L v, 7 U —748
BOWETIZHEW, RA RIEFHEE TIXOT AEF
(2 &5 KAMAEOHIN, FEAR A Rk ClEmEE Iz &
% KAMEDIK TR Hiviz, & 2T, YikiEik
O KM EE 7 V=TGR ¢/, L OBRMEIZDS
WTRRET L7z,

FP. RA FUTEEEEO KAME & LT, BERs
F2T0 5D KA ~ > 7B AR A RO @ KAM
AR LT T~18 OERELD KA, & BfF L
7o Table 712427 UV —7HER ¢/t 2B 58
LR 270 5T KA ~ ~ 7 OAMIEER (300
X300 ym) &R, BFORPEIZTTXTO
KAM ) USRI 2 7R L CUN D, Table 5 (273
2R3 270 2D KAM ~ » 7%, Table 7 NO—&
OFEIKDYEREK TH Y | Table 5N D AR X Table 7
WOFRFE & A LRl 2R LT\ D, % KA., I
EEIR OIS Fig. 4 (IR d, 7 UV —7HEOHE
TR AR A RUTEE O KAM A O 8O FE IR OO 1 FE
B A 2 R LT,

KAM oy W 7E SEIK O HFE Ajpnr, & B R L T2
KM pea) DEYIMEZ KAM o0, v & TEFE L TEC (1)
R VRD ., KAM o BVETEFE Alpens, » DFEFIT H
D Appearann 23 (2) IZXVRDT,

n
KAM, i XA i
KAMlocal,ave — Z < lqucal,L local,L) (1)
n local,all
i=1
n
Alocal,all = ZAlocal,i )

i=1
Z 2Ty KAMypeyy, NEBBNE IR D KAM, o0y, 1 1EH
TETIEZ R KA oar, i 38 KO8 KA ot ave & 7
V—7HER ¢/t, OBKE Fig.b 27T,
KMo, e VE 2V — TR O BRI BT [BIE D 52
BEAZ T AR FEGEBICBOTHIRT L
LOEHER S ND 7V —THEE t/t,718.6~
34.4%Zxt LT, 7 U —7HER t/¢,734. 4% LA
M Tl IME R 2R Lz, 7 U — 7 i s 5%
2T THRA RUT g~ O O B 4E B o fiE )
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NEED EHR SN,

WA, FERA Rl D KAMECTH D KAM, % 3K
Wi, KAMIE Table 7 (27~ 9421 E K O KAM fiE
THD KA, & KMoy & DFESY ETEFE LT H(B)
WXLk,

n
A Aporar i
KAM, = KAM gy, X AL: - Z (KAMloca,_i X li’;:“) 3)

: : VC“\ Aa]] &iéﬁggﬁﬂi&@ﬁ%\ AO &i Az]] 73)) 6 A]oca]
Z 72 Lo &Rz KM PIEFIROHE TH 50

£ U —FHER ¢/ .8 T KA, 5 X O KAW,
X1 T — X OHOEETH S I, 300X300 um®D
IRHPAEIR 2 JET D 2 S c kv T —
B2 WG Uiz, KA, 38 KO KAy & 7 U — T4
R ¢/, DBMEE Fig. 6 \T-T KA, KAMy & %
(27 U —THREFR 1/ 1,718.6~34. 4% 2N F TR
BT LTy, £ LIRRIIEZIE —E OB
ZRLTEY, 7 =NV TIERA R
WToREMEmAEE D EHEH SN, B,
KAM, 1 V2R A REEFREI O 0 KAM I b & o7z,

Table 7 KAM Map of all measured portions at 270x magnification.

KAMMap G &

Loading direction it

1/t = 18.6% (serviced)

1/t »=34.4% (interrupted)

% (interrupted)

t/t = 84.4% (interrupted)

800

700 o
o o
g 600
= o
s 500 6
g o
S 400 8
s o
o S
=300
o
E 8 g
2 200 °© °
o g 8 8

100 8 o ©

0 . . . .

0 20 40 60 80 100
Creep damage /1, (%)

Fig.4 Relationship between observed area

of KAMiocas and creep damage /2.

O KAMlocal,i
09 | o =K AMlocal,ave
8
0.8
? ° °
=2 o 4
:: 0.7 o) 8
s 8
< 8 o
0.6 o
8 [e]
0.5
04 L L L L
0 20 40 60 80 100
Creep damage /4, (%)

Fig.5 Relationship between KAMjocar and
creep damage t/t.
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KAM) \Z AR TRREWMEZ R LT,
OFTHRERE RS KM oen), e B L OEIEZ KT
KAy 7 LBl W TR EE 7 ) —THIEE
t/t, DBEFRIZOWTHRF LTee KdMioens, e & KAN,
DFESE AKAN EEFRL T, X (4) 12LVkd

-~&--KAMall
0o | —e— KAMO
08 |
»
"E
S 07 f
06
05
0.4
0 20 40 60 80 100

Creep damage /¢, (%)
Fig.6 Relationship between KAMau, KAMo
and creep damage /%
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015 | o
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Creep damage /1, (%)
Fig.7 Relationship between AKAM and creep
damage t/%.
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Fig.8 Relationship between void number
density and AKAM.

7o
AKAM = KAMiocq1,ave — KAM, (4)

Fig. T\ZAKAnE 7 ) — 7GR ¢/, ODBR%E
RY . AKAMIZ 7 U — 7GR ¢/ ¢ 1% L THH
A ) 2o~ LT e, REEREIC R D 7 U — 748
B ¢/ ¢, % i T & 2 AREMES R S T,
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7V —THRERHE 21T > 7223, RA RREAELRTO
AL EE O A OFHI S FIRE & HERI SN D, 370
H. BEBSD JIEIZZ UV —TF &z T s U —7
BEEZTM T @EMEERE LTS, £/2. &R
A RETIHHMRE 2~ A 7 o R A RiEFEOE
MEMIC L 2BEEZEOT-FIMMbLAIREEE 2D
o REARIC E Y 7 U — 7 HREOFAMRFEE M LA
WP S D, RA NEEEE & AKAN L OB %
Fig. 8 IZ/R"T ", AKAM DI, AR A NEEL
BEEITEIMERm A A LT, AKANSBHRA R
BB I OWT HHEE T D AREMES R S 1
7=

3.4 KAM,oi00ec KAMy. JKAM ~ D HETERR D3 F

7 =7 HICBIT 2O EREB L OEE %
F L2 BRSSO CREIL S P2 k0 %
SN KAME DR 12kt 228 b & % Lz
D30 KAMy s, e B8 KON KAM, DHETE R ARG L 72,

7 V=T HOENNERE o DR ¢ 1ITxT 58
fE4% Dyson HIC L W HRE SN 1P HEAL O HEGE &
EEOEOE LTR (5B) TEEND,

9 hip— Ap? ®)
ZIZT, A AFTEBEETH S, A () Tk
N — T TR O HESRIE | 55 T IE T EENL O
mEHEZ T, X (5) K VEMEE 013X (6)
TRIND,

_ Arexp(4;t)
 Azexp(A;t) + Asexp(4;Cy)

p (6)

T, GO TEETH D, BAEE oD =0
WBTA20EE 0, b LT, o/0o, 28 ¢t ®
B L LTR(6) 2EET 2 ERADBDELND,
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p1_ p1d; A —Axps
==t ——exp(—At) 7
o A A, PL=4 Q)

ZZC. KAM LRI o NI T2 b D LT 5
L RAKUT KV KAM ), e 3 IOV KAM D HETE D
Bronsd,

KAM; KAM,A;’ N A" — A KAM,
KAM ~— A A

exp(—A;"t) (8)

Z 2T KA KAMAE (KAMy, KAMyoeas, ave) D1
B, A7 AATERESR. %27V — 7R BREE T
Do RETIE KM yeas ave (BN TIEZ U —F

PIHNAR T, BINCEE U D728, HEER % 0118
HeERM & OFT AEFHEERIC T2, 7V —T71H8
R t/ t,=34. A% LI D O Bt th 2 9 HEE R

R (8) IERUER A% BN Lk e L,
KAMlacal _ L +A ’
KAM, ocal,1 B KAM, ocal, Ay Al* —A *KAMoca 1 *px ’

Local { lAl"ll 2 | ZAI" locabl oy (—A, t)} )

AKAM DHEERRIE. KAy oeu) DHETERRIN S KAM,
DOHEERR & 75 LW TR D 72, ERME SR D 7=
X (8). (9) TOHKIITEEEZ Table 812, KAM
fifl D FEHE & HEEMR O Ll % Fig. 9 17, AHE
TERRIE KAMF X O KAM ), 0o D7 ) — T HIHAT D
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Development of non-contact and continuous measurement technology for local gas concentration

by laser Raman spectroscopy

Shikoku Research Institute, Inc., Electronics and Agricultural Technology Department

Ippei Asahi, Sachiyo Sugimoto, Yuji Ichikawa, Masakazu Ogita

Abstract

In this research, we have developed a technology for non-contact and continuous measurement of the change in
gas concentration at a certain point. Laser Raman spectroscopy, which can be applied to various gas types, was used
as the measurement principle. The measuring device has a bistatic LIDAR configuration with separate transmitter
and receiver optics. Normally, Raman scattered light is very weak, and the detection limit is often in the order of %.
In this research, by adopting an optical system configuration that focuses on the field of view of the light receiving
system, highly sensitive and non-contact measurement for local gas concentration is feasible with a bistatic Raman
LIDAR.

The performance evaluation was performed using hydrogen as the sample gas. As a result of measurement of low
concentration hydrogen gas discharging by the nozzle, the hydrogen detection limit was 100 ppm, the spatial
resolution was 7 mm in width, 1 mm in height, and 1 mm in depth, and the time resolution was 1 second.

By using this technology, it is possible to measure the local gas concentration without physically interfering with
the flow field. In addition, it is capable of measuring the gas concentration from the outside in a severe environment

such as a high-temperature and high-pressure reactor.
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Simple Voltage Calculation Method for Interconnection of PV on 6.6kV Distribution System

Shikoku Research Institute, Inc., Electric Power Technology Dept.

Kouichiro Kouno, Hideki Yamaji

Abstract

In recent years, renewable energy has been positively installed. When a large-scale photovoltaic generation
system (PV system), such as a mega-solar system, is newly interconnected to a high-voltage distribution system,
voltage profile of the distribution system after the interconnection of the PV system is investigated in detail by the
power flow calculation. On the other hands, sometimes the PV system is extraordinary interconnected to another
distribution system in the case of power failure caused by an accident or by the work. It will have much error in the
result of the examination by the conventional simplified calculation or it will be taken much time to examine in the
case of using the power flow calculation.

Therefore, we proposed the method that the voltage fluctuation in all cases are calculated by the power flow
calculation in advance and, in the case of operation, the proper voltage fluctuation can be selected immediately by
choosing a suitable case and the voltage profile of the system is obtained.

The validity of the proposed method is verified by the numerical simulation. As a result, it is confirmed that
the proposed method can get the voltage profile with accuracy almost similar to the power flow calculation in terms

of view not to deviate from the appropriate voltage range.
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