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Fig. 1 Mechanism of macrosegregation
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Table 1 Chemical composition for large size ingot

mass% Ni | Al | Cr | Mo| W | Nb | Ti | Fe
Alloy718 Bal.| 06 | 19 0 [515]095 185
Model A Bal.| 06 | 19 | 3 0 [4.15(1.95|185
Model B (FX550) | Bal. | 0.6 | 19 4 [515/1.05|185
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Fig. 2 Result of tensile test
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Fig. 3 Driving force of macrosegregation
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Table 2 Chemical composition for aircraft engine

mass% Ni | Al | Co| Cr |[Mo| W | Nb | Ti | Fe

Rene65 Bal. | 215| 13 | 16 | 4 4 107|375 1

TMW-alloy |Bal.| 23 | 25 |135| 28 | 12 | — 62 | —
AD730 Bal. |225| 85 |157| 31 | 27 | 1.1 | 34
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& 29
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Fig. 10 Volume fraction of " phase in AD730, Rene65, TMW alloy
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Fig. 11 Microstructure of AD730 after solution treatment by (a)

water quench (b) furnace cool (¢) controlled cool
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Fig.1 y/yp" coherent two-phase structure in a Ni-base superalloy.
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Table 1 Typical chemical composition of Ni-base single crystal superalloys
Nominal composition (wt %, Ni bal.)
Superalloys Co | Cr | Mo | W | Al | Ti | Nb | Ta | HL | Re | C | B | Zr Others | Cen |  Development
PWA1480 50 10.0 - 40 50 15 - 12.0 - P&W
René N4 80 9.0 20 6.0 37 42 0.5 4.0 GE
CMSX-2 4.6 8.0 0.6 8.0 56 1.0 9.0 Cannon Muskegon
TMS-6 - 9.2 - 87 53 - 104 NIMS
MC2 50 8.0 20 8.0 50 15 50 - Ist ONERA
MDSC-7TM 45 10.0 0.7 6.0 54 20 54 - 0.1 - - M&C/CRIEPT
René N500 75 6.0 1.6 6.25 6.25 - 6.5 0.2 - 004 | 0.004 GE
CMSX-7 10.0 6.0 0.6 9.0 5.7 0.8 9.0 0.2 - - - - - Cannon Muskegon
TMS-1700/MGA1700 - 9.0 0.6 76 54 10.0 - - - - - NIMS/MHI
PWA1484 10.0 50 20 6.0 56 87 - 30 - - - - P&W
René N5 80 70 20 50 6.2 - 7.0 0.2 30 GE
CMSX-4 9.0 6.5 0.6 6.0 5.6 1.0 6.5 0.1 30 Cannon Muskegon
TMS-82+ 78 49 19 8.7 5.3 05 - 6.0 0.1 24 - - ond NIMS/Toshiba
YH 61 1.0 7.1 0.8 88 5.1 - 0.8 89 0.26 14 0.07 0.02 & Hitachi
René N515 75 6.0 20 6.25 6.25 - 0.1 6.5 0.6 15 0.035 | 0.004 GE
CMSX-8 10.0 54 0.6 8.0 5.7 0.7 - 8.0 0.2 15 - - - - Cannon Muskegon
TMS-286 - 9.0 - 8.0 54 - 2.3 58 - 12 - - - 0.15Si NIMS
René N6 125 42 14 6.0 5.75 - - 7.2 0.15 54 0.05 | 0.004 001Y GE
CMSX-10 30 20 04 5.0 5.7 0.2 0.1 8.0 0.03 6.0 - - - - Cannon Muskegon
CMSX-10N 31 1.7 0.5 55 59 0.1 0.1 85 - 6.8 - - - - 3rd | Cannon Muskegon
TMS-75 120 30 20 6.0 50 - 6.0 0.1 50 NIMS
CMSX-4plus 10.0 35 0.6 6.0 5.7 0.85 8.0 0.1 48 - Cannon Muskegon
MX-4/PW A1497 165 20 20 6.0 56 - 83 0.15 6.0 3.0 Ru GE/P&W/NASA
MC-NG <02 40 1.0 50 6.0 05 50 0.1 40 40 Ru Ath ONERA
TMS-138 58 32 23 59 59 56 0.1 50 2.0 Ru t NIMS/IHI
TMS-138A 58 3.2 28 56 5.7 56 0.1 58 3.6 Ru NIMS
TMS-196 56 46 24 50 56 56 0.1 6.4 50 Ru 5th NIMS
TMS-238 6.5 46 1.1 40 59 7.6 0.1 6.4 50 Ru 6th NIMS
TMS-238Molr 6.2 44 31 38 53 72 0.1 6.1 ‘ 4.7Ru, 5.8Ir NIMS
1389'%°MX-4 /PWAIL497C 13 #Hr 72 \CRu% @0 L AL A%
LM Z FHO TV W2, g - MR FEsE (NIMS)
THI% S N2 H 5 I G R TMS1965% % 6 L4 4
TMS-238"1%, Rull & 2 M2 ettm ismz <, »/
> y MG REOWTFERI 27 4 7 bER (2, <a,)
v/y' Interfacial WCRELTAHZLIZESTT 7 MERRESETED Y
dislocation network /v R E DB g (03) 28ATLIET
E Rafted structure ) = THREm EEER L TWAEY, RERERMHDOLE 3,
Fig. 3 “Rafted structure” and y /y'interfacial dislocation 4 HAE & TIRHBALE QT ARE & 72 > TV 7223,
network in Ni-base single crystal superalloy®. 56 AL DOTMS-238TIICrORMEIIMEIC L - TE
2HREE L HEFOMBILELZ A2 2 LI LT
BEMOBHOREL ), yhsvidy MONHASE 5 "0 EETE, Rud ARICHHSE RO b HIr
IDHBENT ) —TREEHTH Y, DTz M AEG DL HEEOWIED D LN TH
5 — €Y RINERB G &I, BEG RS SWE b, BUNRE (92 ik 57137MPa, 100007 ) —7
4% 3% (Conventionally Cast; CC) & &, — J7 I & ) AS1136CICHET B EE DI S W L7220
(Directionally Solidified; DS) & 4, H % #h (Single —FHT, INHEMEEEEEMAITEZINEZEA
Crystal; SC) A@&~t#iLL &2 (K2)%, £11C TWAHIZENDL, JUHAESIZHTHEMIIE A EAS-> T
REM BN B BEEOGEMIETT. Wil VALV FETHE,
A 41319804 L B 58 S M 7-PWAL480W 7% & 8 1 AR 2.2. EaAXiBES
GEICIAE Y, Ret 3wilh BN L 72PWAL4847%> NiJ gk 8 88 4 4 OO L ) - Re, Rue X 00
CMSX-49% o 2 A4, €L TRe% 5-6 wt% RS AR RN CARE L T Do 20144F120%,  fTZes¥
ML 7zRené N 67X CMSX-1097 &0 3 Al H 4 Az y Y Yy RFEMAA Y — & VI & v BNk
THOUBHTILSHHEIN TV S, bR % mENZAN & L TOReIHESD, HEseihko 8 HIFEIZE L
T5Ey/y HOFEREIANLZEIZR Y, HEMHON 729, BUZERE T v ¥ v oA R 1320204F 121X 20144E O
WX 2B TR &SN 578, & 4 R EE£TMS- 13FICWINT 2 EFRSINTEY, ZNICE-> TRe%
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Fig.4 Relationship between hot corrosion resistance at 700C
/50h (Type II) and creep rupture life at 1100C /137MPa.
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Fig. 1 An example of microstructural morphology of the interface
between topcoat and bondcoat at comparatively low-
temperature region in an in-service combustor component
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Fig. 2 Relationship between outer TGO thickness and square
root of test time in TBC for combustor component
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Fig. 3 Relationship between Vickers hardness and Larson-Miller
parameter in superalloy for combustor component
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Fig. 4 Creep test results and life evaluation based on iso-stress
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(b) High heat flux test apparatus

Fig. 7 Schematic representation of thermal cycle test apparatus for TBC
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Fig. 8 Typical morphologies of TBC microstructure after thermal cycle tests
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Fig. 1 Tllustration of low frequency thermo-mechanical fatigue
cycles superimposed with rapid/high frequency
thermal cycles.

Table 1 Chemical compositions and heat treatments of basic
element in TBC specimen.

mSubstrate :
IN738 LC:
a solution treatment by 1180°C for 2 hrs.,
followed by an aging treatment by1080 °C for 24hrs.

mBond coat : LPPSed CoNiCrAlY (100 um in thickness) [wt. %]

Co Ni Cr Al Y

Bal. 32 21 8.5 0.52

mTop coat : APSed 8YSZ (500 pm in thick)

70, Y,0, CaO | Fe,0, | SiO, Tio,
Bal. 8.18 0.31 0.3 0.11 0.09
125
40 28 40
- 1
4 Feal N
';_ * Substrate diameter = 7.5mm

Bond coat thickness ~ 100pm
Top coat thickness ~500pm

Fig. 2 Geometry of TBC specimen used.
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Fig. 3 Temperature change at each side in TBC specimen
during (a) low frequency thermal cycle, and (b) high
frequency thermal cycle. Note a transient thermal
response was significant in Fig. (b)
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Table 2 Test program of low frequency LCF and TMF tests.

Specimen Test Temp. ("C) Frequency (Hz) Strain rate (1/s)
Bare LCF 400 1/480

Bare LCF 500 1/480, 1/20 -

Coated LCF 500 - Sx10*

Coated LCF 500 . Sx10*

Bare TMF-Out of Phase 400/900 1/480 4.17x107, 2.08x107
Coated TMF-0Out of Phase 500/900 1/240 Sx10, 3330107
Coated TMF-In Phase 500/800 1/240 5x107, 3.33x10°

Table 3 Test condition of high frequency TMF test.

Specimen Frequency (Hz)  Strain rate (1/s) Temperature range
Coated 1/40 50.0 x 10 800/900
Coated 1/20 50.0 x 103 800/900
Coated 1/16 50.0 x 10 800/900
o~
’E » Y \\ === Mechanical strain
= 5 .. == Temperature
= ’ S
@ |7 S
= ~,
g S
& N s
o N L Time
-= |In-Phase (phase angle = 0°) “\v,/
-
&
- (@
@ = Mechanical strain
] A~ Temperature
= - AN
E yal .
: \\ ,/' Time™>
o— N, 7’
= R
% oo

Out-of-Phase (phase angle = 180°)
(b)
== Mechanical strain
== Temperature

- —
LCF test Time

Strain, Temperature

(c)

Fig. 4 Schematic representation of thermal and mechanical
loading cycles (a) TMF-IP test, and (b) TMF-OP test, (c)
LCF test.
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Fig. 5 Summary of low frequency TMF and LCF tests.

e 5 TBC TMF(IP, 1/16 Hz 8§00/900°C)
TBC, Nom-steady 14 TBC TMF(P, 1/20 Hz 800/900°C)
TMF-IP, i TBC TMF(P, 1/40 Hz 800:900°C)
16-140 iz | TBC TMF(P, 1240 Hz 500/900°C)
A TBC TMF(OP, 1240 Hz 500900°C)
: % Bare TMF(OP, 1/480 Hz 400/900°C)

0 1
107 + O E-X®% |@ Bare LCF(1/26 Hz 900°C)
- 0 O Bare LCF(1/480 Hz 900°C)
- X Bare TMF(IP, 1/20 Hz 800/900°C)
s x4 A .
= a4 O g -
- OB XA .
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Number of cycles to failure Ny, cycle

Fig. 6 Comparison of low frequency- and high frequency-
TMF lives.
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Fig. 7 Comparison of cracking morphology between low
frequency- and high frequency-TMF tests. (2)Illustration
of cracking morphology(b)Crack density
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Fig. 8 A hollow TBC model, heated from the outside and
cooled to the inside.
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Table 4 Physical and mechanical properties of substrate used
for numerical calculation.”

Thermal conductivity A [W/mK] Variable
Heat capacity ¢, [J/kgK] 650
Density p [kg/m?] 8720
Thermal expansion coefficient o [x10 1/K] Variable
Elastic modulus E [GPa] 80.0
Poisson’s ratio v 0.3

Biot number on inner surface B, 0.4

Biot number on coating surface B, Variable
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Fig. 9 Calculated transient thermal stress : (2) at the
surface of the solid cylindrical substrate and
(b) at the surface of the hollow TBC specimen.

ELTREE LY, X9 offthidikcsn ) (B
HEREL o @ BWIRGRED TH Y, BT MERITE
(=ut/(r2)% K BIEFCE, ¢ BT, K 9(2)Tldr,=0)
&L, HMEREIEAR & MO Yt (Biot) $B(B=hL/ 1,
h o BAREAREL, A EMEMRES, [ AERKET, B
R TH L) #/8FA—=F L LTRLTWA, X
9() kD, EFHITKFEL TBISTOKRE S 0D D
Z&, BIU, BEBIGAHE LTV R O#L T
GEEMBILT) &, FRRAST5R8 L 7z 2 % Fs o 2
B E T, EAEIC L IR RL L2 ENbh b,
R L, ERIREEIC 2 5 W OB RIS RS T A5 K
X BRI HH L TH D, KI(@NIBWT, Bl
MY — 7 2 FEO ERE ORI Zr,=10mm, B=20D KTl
1secF2fE, B=001DK; CT40secfBE & 2 b, HE5Th
X, BIREB ORI OBBICEET 5 & O A,
TBCEMICA U 5@\ 228 )], OwTiE, Ehic
Lo THISNDBIETIRBITAEILE L B 2 L8
FRENL,

P22 AL 7OV RIS B R 2 B9 (bITR§ o
RHRCH 725 TiE, %5 HDCase(0) D ZE V72,
nB, X5 TIE EMHLIVIEGETIV I by Fa—
FOENZNOYPEICH L THL B ISR, cZ2 2
TRLTWS, M9bED, ZOEFTMEIIBWTHX
9(a) L FP DM & 72 5 TWBD, BUS Y — 7 &R
FTREIERL 0 TH S, Thbb, NRETIHEEERD
BURETEDSEPENBIC T OFEK & B 3T 2
EERINSD,

—HOMA L EA R, RO RE T
B0 A 7 VEIEGRIRE IR T 2R D AR T
B, BGEEROIR 2R SR LETHLI LD
PIFTiE, HRoONEBESEEMBI LTI v I R
My 7a—boytEEkiEE LT, EhsoWkfiiz
KEDIHIIEMSELEOBIETIORE SRR L
770 BTEICH 725 TIE, TBCEF VK (K8) ot
Iv I ALy T a— MrRIEIICE T L H T OBIGT
DKE S L ZORIEEALICER L7
421 EMOYMEEZHILA-ZE2-T1>T09

HEEEbsE-5E

2BMFHEETVIZBWT, WNElHba—T4 7D
WA (BREE ) L BRA o) 2ELS S
& (F5HDCase(0) 2> 5Case(l) B %\ idCase(2)) @
BUE ) OREREEAL 2 10 R § o ML XTI R (F=
kt/r?, k: BILHCE, ¢ W) Th Y, HihiIEe o
HMxHiEE LTwb, A ABLSREEIERTSE
J e FEIR (R ITHF TOSLLT) Tl AcHETFIC &
HWBPIIEALHRTE RWV—)T, EHHER (4
WITHEHTL0) TIX A DK TIC X o TEIS I AWM A T
HZEDHRTE D, 72, a DAEEALSE0E
(Case(2)) WCHHHT A&, &%, FEFFIHE DIZa.
WS e LBICIIED NS BB eI L, &

— 24 —
Download service for the GTSJ member of ID , via 216.73.216.87, 2025/06/07.



Vol.45 No.6 2017.11

HBERREER B — T 1 > JEM O BIE 7T 18 5 an sl 24 463

Table 5 Numerical calculation variables used.

Case B, B, % A o, t/t,

5 (0 0.01 001 23 23 1.56 1.56 1/20
-

'g (1) |01 001 23 23 156 1.56 1/20
€@ (001 001 23 23 1.00 156 1/20
; (a) |0.01 0.1 23 23 156 156 1/20
=]

g (b) |0.01 0.01 23 23 156 3.00 1/20

33
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Fig. 10 Effect of physical properties of substrate and
ceramic top coat on transient thermal stress at
the ceramic top coat in the model TBC.
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Fig. 11 Change in transient thermal stress at a given time,
ts=0.2, with Biot number, Bc and heat transfer
coefficient hc, at ceramic top coat surface.
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Fig. 1 A cross-sectional SEM image of plasma-sprayed ceramic

coating.
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Fig. 2 Schematic illustration of plasma spray gun.
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Fig. 3 Schematic diagram of plasma spraying process of
SPS(above) and conventional (below), respectively.

Fig. 4 SEM images of the SPS coatings; (2) porous, (b) dense, (¢)
cross-section and (d) surface of cauliflower-like structure,
respectively.
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Fig. 5 Behavior of the flying particles near substrate surface in

the SPS process.
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Fig. 6 Schematic diagram of EB-PVD system.
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Fig. 7 Schematic diagram of AD system.
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Fig. 1 Schematic illustration of cold spray system.
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Table 1 Chemical compositions of IN738LC.

Chemical Compositions wt. %
Co Cr Mo W Al Ti Nb Ta C Ni
IN738LC|83 156 1.7 2.6 34 34 095 1.7 0.11 619

Material

Table 2 Cold spray conditions.

No di:)t?‘:lt)l::fon Temp.("C) Gas Pressure(MPa)
1 d<25 600 He 2.5
2 d<25 600 He 3.5
3 d<25 750 He 2.5
4 d<25 800 He 3.5
5 d<45 600 He 2.5
6 d<45 600 He 3.5
7 d<45 750 He 2.5
8 d<45 800 He 3.5
9 (25<d<45) 600 He 2.5
10 d<45 650 N» 3.5
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Table 3 Post spray heat treatment conditions.

Particle size Temp. Pressure

No. (um) °C (MPa) Gas PSHT

1 d<s 650 35 Ny LM
1121°C-1h,

2 25<d<45 600 2.5 He §43-24h
1121°C-1h,

3 25<d<45 600 2.5 He 843°C-24h,
900°C-500h
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Table 4 Results of porosity ratio measurements.

Porosity
ratio
No. | Ave.
e S.D.
1 [ 066 031
2 | 142 o8
"3 | 094 019
"4 | 094 029

5 0.72  0.18
6 | 058 0.14

~7 [ 070 020
8 [ 048 o018
9 | 038 003
10 | 1220 248
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(b) 25< d <45 600C 35MPa

Fig. 2 Typical cross-sectional SEM images of cold sprayed
Coatings.
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Fig. 3 Load and displacement curve of SP tests.

Fig. 4 SEM images of back side surface after SP tests.
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Fig. 5 Results of SP tests for nitrogen gas used cold spray
coatings with and without post spray heat treatment.
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Fig. 8 Results of four-point bending tests.
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Fig. 12 Comparison of deflection for weld versus diffusion-braze
repair

Fig. 13 Microstructure of repaired portion using brazing sheet
material
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Fig. 5 Boeing 727 flying test bed
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Multi-Electrode Plasma Actuator for Flow Separation Control of Small-Scale Wing
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ABSTRACT

The flow control performance of a trielectrode (TED) plasma actuator was evaluated in wind tunnel experiments.
It was found that the thrust of the TED plasma actuator with small gap between the electrodes can be remarkably
improved by optimizing the dielectric layer thickness and the driving conditions. In low-speed wind tunnel tests,
the TED plasma actuator outperformed a conventional single dielectric barrier discharge (SDBD) actuator in terms
of separation control, even on a relatively small NACAQ0015 airfoil model compared to the plasma actuator, at a

-4 $itTEm -

Reynolds number of 6.0x10%
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Fig. 1 Schematics of the TED plasma actuator
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Fig. 2 Connection diagram of the power supply for
TED plasma actuator

Table 1 Configurations of the TED plasma actuator

Wind
Thrust test tunnel test
Dielectric material PTFE
Electrode material Copper
Dielectric layer thickness: t« [mm] 054 ~ 20 0.54
Gap length: d [mm] 10 ~ 40 20
Exposed electrode width [mm] 5
Overlap of electrodes [mm] 0
Discharge length [mm] 200
AC frequency [kHz] 16.0
AC voltage: Vie [kVy,] | 60 ~ 156 6.0
DC voltage: Vi [kV] -30 ~ 30 -14, 18
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Fig. 3 Schematics of thrust measurement system
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Fig. 4 NACAO0015 two-dimensional wing model
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Fig. 6 Setup of the time-resolved PIV measurement
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Fig. 7 Thrust of the trielectrode plasma actuator as a function
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Fig. 8 Thrust characteristics of the small-scale trielectrode
plasma actuator for separation control
(ts = 054 mm, d = 20 mm)
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Fig. 9 Time-averaged velocity field of the induced jet in
quiescent air
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Fig. 10 Time-averaged flow field around the wing model;
(left) without plasma actuator (right) with the TED plasma actuator at Va. = -14 kV
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Fig. 11 Time-averaged streamwise velocity profiles at x/c = 0.5
on the wing model
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Fig. 12 Comparison of time-averaged flow field with and without plasma actuators for various angles of attack
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English Which Is Not Taught in School (14)

&)

LA

YOSHINAKA Tsukasa

—-Q—-E

{ZEEE] : A good question !

Bkl T L WM (BEAHKTRA)] TKW%
i

[BiBR) : CoFHE, TAVHITEINLZDIOTTY (B
ZER 1), 4H, EEETERLS DTS, ST

I=FTAVITTHILLHEMPNETL, #ERETY,
WTTy, WarhEd, TIHDH, HIADOHT, 72X
VARAFYATOE I AAZHIIME SN /0%
i, BHIZXIZh 78 rRoTwbHb o L5 TL &
) o

EIYRTIFRVOTL LY TRWHEHM] - Loakw
Ty L. Z0E), RIFFNTRVOTTA, i,
ZORIZEEINTZBOERDEDH HDTY .

COBELMI NI, KEPICHEVHBOEMZ MW
T, [y, HBoollhx LWHEMZT 25 e 2w
ERHYZTAZ A, dPWBOHNDETL L IDS, KK
WEMZEZFANROTT, ZLT, TOANE, hFEo
T, FELLZZONEWHEMZZIT-RFZ, ZosSks
fEYDTT, HRTHS, [HLWIEMTT, HLNR
HFHAN, BEZMEkrRFET] LThEHIEA
T9s

TIH 5, [RWEMTY (“Itis a good question!”)
i, EIZTHLOITEM T, BEAHRIEA] v
IBERDPEINTVEDTY,

F72, HRO [KWARERTTA) &wv) BERTili)
HY, D FIT, RoRBETIE, ®LANFE LIS
WEN-FE, BTHEME LTRIF2EE, Tt is a good
question” LHIE E L TEHZZ 52 5%A5Td. 1ILIE
2, TEVvENFE L] EWIHRBEXIIHELZVDOT
L &9 h

—R—=
{#EEE] : the (¥721% a) rule of thumb
B : [HIAVEIEL2S TR, BErSESNK
F H 00
(BB : CoSEER, o, H2PWoRIZEWNLO
12, BBEPTRWARLBEIRZfioTwAZ &ITHKL
TWET (BEER). BELDS, RSOHMOA
vFE, BiROLm L E-HEi L ORSICHRL TV E
D

Co [Bigxfoz@F] 25, 4H, TH»WEHE
MPOHTELBELOTERL, L LARBRICIL -7

Efaft 201749 H 4 H
1 fraryausy s
E-mail: tsuyoshi@videotron.ca

SKREPZEA] EEOBKRTHEDNE T, 62
X, [REEIYBE, BErLORMEONV -V, HL
fEEu— v 0RFEHHR OIUAD25% 7% 530% LLF 7%
S b A7Ah, L) boZ] 3¥EFEIZT S E, “The
rule of thumb for being able to buy a house is that the
monthly loan payment should be less than 25% to 30%
of your monthly revenue.” TL & 9,

—-S—E

{Z&EE] : from scratch

TR [R5, [HEHS]

{84BA} : ‘scratch’ X&FADYE, —#KIiZ [Flonl Z
LTI, CoE, TAY—F 342 TF. To
L, WEDIDDOAY - T A VR, BHIRICHTH
T 5> PV TWZHICHR LTV ET (BFER 1),
LhL, 9vF—lkoTlE, "vTFoFr v TEE
V, A= FFA VI DALEPHAY— L TWwz X
IT, TOD[AF—bIF4 V] hoHEYVHT T
F=E INYTAmLlIOFrF—L%)FET,

O [Ny T4 L] P, GH, BEDANO—#N %
AFOEFNEH SN TWEDOTY, 2L, BH AN
FHEEELZOWL, TMEF Y A EwIBAYDOLD
POIEDHDOTIE R L, FEMEEHWANR, S0P HK
BETHHOFETLZELELE Y. ThEEHRLTY
AN THON, AP BESTOFTINEESTZA
Pl LS9 TLr). THIZFEETIE, “She made it
from scratch.” &7 0 F3,

7w, BHEUAO NGBS FHTE 9, #lz
X, BAWIEE DS, Mo BEE ) 0Tk <,
H5— AT, RABREEOKE - #KD» o ZMOMA, &
mOENE, HALER > TO, KO TIZE -7
BE, EE2S, (T4, DOEEBLXRA»SEHES T
fED FWFCLE 78] EEBELZZELELEY). T
1ZPEFEC, “He made the test equipment from scratch,
all by himself.” £ E2 7,

B E B F SEEOHIAEREELAFFORLTOET)

1. "QPB (Quarterly Paper Book Club) Encyclopedia of
Word and Phrase Origins", by Robert Hendrickson,
published by Facts On File, 2nd Edition, 2004

19. "Webster's II, New College Dictionary", Houghton
Mifflin Company, 1995
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720
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ML, WM AIERIIR (REEKRY) 2 E,
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720 ¥, FRPB X 'CMCO IEREN 2 I F D IR A7
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Ty NP TOHINIET EBANDH o7, #HRT

SAKUMA Yasunori

RSN ERNE, TEEICX ) BHME T T
HIRE TAR SNz,

BT, SEDSDRAE LT, EBICHEAM O3
BIZEICHID MlENTWDE A —H— 24X 1) il 230 X,
RN 72 0T, AOSFREBERIR THD o [#izZesk
IYYVVICBITHFRPOBFE LM LB LTI,
T7 = AEWERATA FRX—=2 (SGV) ~DOFRP
BB 2 B0 MLADS, e < HEHE MK OIRET
) O [HiZex v D 2 IRBERR T~ O CMC# I H AT B
1 LELEE T, BIRE T A F~OCMCHEH IS
B3 20D MLAAS, B 3 2 Bl A FRRE R0 S T
B &2 R Z TR SN,

R EBHOBICH T TZHERINEBLIV T4 Ay
¥ 3 »TlE, FRP#EM O HIY & F@EIZIG U T2 P
fig & BELERIE 2 &0 X 5 IV ITF s vo o E
M, HAMEIZBT DD 2 7 = X LI % B
HENRENT, BINE LEMOMIZTTRL, BINE
MTHH4x RERIRbEN, ERLEmITTbNI,
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20174 7 H18H ¥ (FEAETO0RE)

(A= REFRIERE]

197346 H1 H A%

£E (2013), EI&E (2012), W3 (2015, 2016)
HEH (1996, 1997)

ZHE (EF2001 ~ 2003, #2009, M Bk4162009)
201744 A 358

(R& ]
19724 3 H PR AR BT AAEER LA S T
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