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[P ER BN BOR R | ORA (2D 2)

AOR
On the History of Science and Technology Policy in China, Part 2.
Yutaka KAWAMURA

This paper discusses the history of Science and Technology Policy in China from 1977 to 2007.
After the reform and opening to the outside world in China, Deng Xiaoping who is the first
generation reader in Chinese socialist revolution made Law of the People’'s Republic of China on
Science and Technology Progress at 1993. I pointed out the reason why he thought that science and
technology is the “first forces of production” and Chinese need reform and opening-up policy on the

science and technology program, using the material “The Speeches of Deng Xiaoping”

1. [FLCHIC FOE R ERTTGRE ~OBAERIZB TS

FHFEEARBURIZOUNT, FELT 1970 % 0

FHE B BORMT SRR 2 FHIAT L 72 TR R H e

B 2012] (2 XAiE, 2010 4 o E O RFFERH %
X 7,062 BT T, T— X —AMMNIEE ST
1987 £ T4 fiFC L TR 100 5, £7-2 2
20 FEEITH 56 5 VO FE LW AR L TV
% (i BRI EB L TR, REE O 7
AU (2.6 %), E|27;|-< (1.31%) LT,
ELWMHOTHSD. %72, OECD [ 5 /1 ¥l
PR T4 5L, 2009 4EICHEOHFZER R HE
FHARZHE, 2L E72oTND.

HIEOZHLT-FZEIE B DTG 3 bIE, 1980 41X
DWHERRBURICHEL TS, Kig® Tk, &
H R RCBUR O T E DX H E ORI R
AL CX72 ORFEIZOWTE BRI LEO &
THLOTHS.

B TiE, BAEZE DS EF|ITIRHBAL- P
ElZH175 1950 %fvﬁ 5 60 A FETORMEHA
BURZ M LIZA, A5 T, fha B

5 2007 FFEHETZ o T02LELTZ0. ZDEERD
SMTRENE, FEFREF BRI ER B
DEAFI2NfERRIE ) DIFETHD.

INHDOMEIER B E 3 58 5T
®J:97L£300)§°Elfﬁ’i’ﬁﬁmuf%5

112, YEZRET AU L DK B4 N AL

wa‘: 1960~70 AR TiX, BHFHBOR O Hls
IR E SR BE THo720Y, 1970 FR LMD
X, TAVIOEE, BE IO EALCR NV fatg s

DT, K

Lh Fﬁ%ﬁﬁ%ﬁ%ﬁﬂ:%ﬁﬁ U7 RAEHTER 5
DOPRFZ [A] D> 7. AT Bt OB B

AT 7 JEREED e BN B LS 1, R
it & RASAT D218 05 T £t 1 &7 0,
1970 FEARYEE, PENXZOm AR TRE
BT

2, FEEANTIESUE R EGRIC, fhaE
FHlECONGRFEFTITHEL, 15O ik
OIS LTz, 1258 1980 FARITR-Th, e FE

1) —REHER (ASCHER)
2) BHAHANEORIZE

PRIET B OHER, (A4 A4 (BEEE

PR AR FARTR AT 7E B PR HEIE 2012 MHB#ioMmEHEICH L 1-1-1 TEHEIC
D1 Lvkoio.

B LW
FIFIZ S 72> TR, LUF D Web H5#iR 2 H L7,

http://data.nistep.go.jp/dspace/bitstream/11035/1154/3/NISTEP-RM214-Materiald.pdf .
3) AT ER A BN BOR 52 DR (2D 1) | HUR T2 & S S f e ieif e o5 35, 3 43(2)5, 2012, pp.19-30.

4) FRH ST Tt 7 AV A D EARBOR | SRR T 7S

, 47,(3/4), 1980 4F 10 H, pp.287-317,

p.107-. 7 AU BURF AIFF

BAIRBOR L TR LIS, 8K (10) Rm v a— 28 O Ui RA RN Th-7e.
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MIGREEHEELIHETDEHIRE, tha F %G
R E A MERF L7205 X DIRSFIRE O 1A G
NHY, WHERORSNIIRSFIRE S D% LI
Mz, HORREDZW BT ST,

B3, e ERTHRFICEY, TEEV AT
I O T C U E BE o il B AR A IR L7228, #h s £ 3%
BB R AR L2 T, TR 2RES AT LD
M CIE R B B ORGSR N EEL 200, Te L AT
HIEHRHFENTEIRLZ. ZO-0ORFEEBIRIZH D
FEO ZEREENEL, ‘/%%,ﬁ;ﬁagﬁf;é%ﬁu\ﬁ%i
HERIRBR D R D Z LT 7o T,

ALK Hofn AR O E R FEIR BOR 1, 2oL
ToH B3 oA, HETIRR G, Bric /e R RALR
DOHRTHEDLN, BIFEMABOEEELILRS
W CEIEIT2D . AR T, U B ik i & oh
INZHEE LT8R/ N EICIE B LS, 5 HOH[H
B2 BN BUR OB & Ee o> T D TR R A 255
11 (1993 4l E ) D Rl Lk & 0 s AL,
MERER DO AEENT AT R DR EZ O DB
ROPICFR AR - CTHD. Ik, WK% ICH
[E 23 S L T DR 2B R ) T O R Ic DT
1%, Z<OHHREE, 2GR I HTWD, Eo
T RAETH LW P HATECOR S E TR L
7DD NWTE, FE2o B fThi T, K
FRClX, ZOLTERMBAZLRE 7 IOV T, B
WL DOFHETHLNICTHLDO THS.

2. SNFEORERBBERDER

(1) BREBREMSEEN-EB/NTE

&T, 1966 FEIthE-7-T S0 K& Ay 1%, Uk
DEMELTVRPOL, REIIHSERTEOR
E LR OFR AR LS, U, #ha, BFICRX
RITREKE T KRET ThoTo. 7212 LEDEH
ORI, PELEROREBNITLOHFTH

D, BHEMIE EREZDOSLEBREOBUARM S
Tholo. REROIZFFEGITE 7L, TEEE
%Bf\@ﬂ??%%ﬁé%ODﬁfi%ﬁEZtﬁﬁ“é:&c:oté%ﬁf:
IRATREMVE~DOHIFE R H -T2 L F b N TN 5. -
DOEEH ORZ2HMTIX, IV AL, JFIR, KIEDOH
TR Z, RFEIT L 272 & D RIE I R Ih L
TS, L22L, 2RO EINITITVE b0 i
T A SCHR AT R SN B P A AT o T2 R R
I E SR EH D OZFINRKEL, FEENTOWE
INZE I A A E el i3 Ny NS =3 A By
—J77C 1960 A TO B AD EEREKRE 172
E, TR T RASIN TH B FO A i E
D, PEITEFHEMERAEFMOmME TRELH
Bl Thwz, L KEM%EOTEOR S
TR L, BB/ OFENE U7 d BBl B EOR,
TETIHRGFEH LB, TR R LD AN
HDHEOIT, BREREINLI LIRS,
T, 72BN B BOR & iR 5489
2Rl DIEAIN. T ZORNPBLHE X THLD.
B/ (57, Deng  Xiaoping , 1904-97)
X, BRR( 9 FHER), FAER( 6 FHER)ELD
2, 81 RO EERFREE ThHD. 12751,
FBREN 74 F, FRFD 78 FTERLIZDITH
L, B/ 98 FETAEE, SUEREM % DK 20
FEROMEAIEE T, SEVRLWE RIS %
SVIJRIFTEEE 1 HARA, 1990 HFRFIEHET
HERFEINBORZ RERIHRE L2 LR 5.
ALK B i 14 BB/ A3 O o B T R A D
HENCB T 2R H 2 B coir ik, EER ki
HEAL7-EIEE 2, EOXS Bl TEU/ N S
BB R A D DL T2 DN O W T, £
I SIS TR, ﬁzga@&,%zom
DEFH OB N AR wi A TR, BU/NEE
BUIDLRBFEILGHE CThoTobh, BIRFHH
DEIRFE CTholo/p L EHMITITFAM C& RN e

1) Ak, N7 aTA THENIRT T 2EVEZ 5 21 MO F s A7 A AS#, 2012457 H, p.213.

2) ARFIV—XPEEBURE@ tha EFR~OkEL 1945-1971 IEEH#E, 2011451 H, p.159.

3) WITATNRIZAE ~DELLU T D@, 2L - GHRRRIRI B N AR P 8, 198845 5 A, 186p , KRIKETER/ N Ji#%
FALEAT SR, 2003 4F 8 A (WK 1993 4F 6 A), 307p , B8#E (BE) (3 -BE/NF  FHEEMEO Y14 JERE,
1994 4= 3 H, 425p , HMEAKIEVINEOmEEISE#HE, 1995 4F 2 A, 256p , VT ¥ —K /S A[BL/NE— T
E OISR, 1995 4F 4 A, 286p , XU - VT80V BURMGFEIE R BUSCE, 2009 4F 8 A
(WINR 1999 4= 9 B) JH el s/ PRk LR JPERSHTRA LR, 2008 4% 2 H 347p, 2008 4F 4 A 306p .
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&G %. 1950 AERETOER/N X, BIRK
IRELT, MBI CHRE EIF 2% AHD
ﬁz/ REOEEIERZL, 2oz THIELE TS
FOZER T B3> TETBTHS.

ZDO—FT, 1950 FFKITIE, BRFIZ
(K e S ) | -0 R A HiLdik oD B f;)\E/\ffﬂlmh
EAEOAEEL =L LI EICEREZL D, BRER
FrREIE D=1z, TEE3 60 551 ( 1961 4 3 A :
I HED—ERD A H LGy afFTa“éa%E), =a—

(1962 FUE: B E RN EROL%E) IR E DBUR
ZER/NEDREREL, ;—%@iﬁéfﬁ IERBLTZ. ZHL
TEBGHIE, BB E AL T F U RTEETIC
e, ﬁ'«kiﬁm\1—%%%%%01“&&%%5}7

BoRICE I Franz.  RERFEELTHE0
/J\$0>,'§?'§! T2 A ~CTRGLTZDEAD.

KEEEER) ORI LOR LD ERDVDTT-E
TURITEZRLZXY, 47 ICHRH R 22 R AL R
— DL R, BIESET-. B/ ELHEIRD —
BREL T R COMB A TSI, T3UbR G |
R P sEsn=(1969-73 ). 7272 LELV/INVE
I, KA BIR B T FREEE, BE2bO)
HIETEIEOEEE FICANDLZENTEZ. BR
YR WEBEE I Z2H 80N I E 2355
CHIWTL, BN O HEN FEBLL T,

(2) TRZEMIIEEN] LDEE

1973 4 3 A TS Ima R7- L7280/ INEE, £
D%H TEEIR]) & RRSRCH ST 503, 0
TIFSCFBABIREL THE D R4 CREFI T2 28127
5. TIE, RBERFLELEITIOET M OBUR
1%, EOITHFHEMNBOR ~EfE N0 &, BiRb
SNT=DTEAH .

1960 FARUCPE X 72T B B0 Gm ) (Fh RIS
PPOLTIRRFERE TEZLHFBENENVIER) L,

JE R 7= T S D BARAL 72 E DB H AT IS
HEHTHZoNTEEXLNDN, BN OB IF#
TEZDH7bIE, PEAERE (1973 E) & [E A
S (1974 4F) B REREH THS. DOFED,
MER @ L C, HERR 3 oD 95 e & 76 A 1R O R
FIREDIKEEITR DX, SO TEHIE 2 /EC, vEa
FE NSO HEAMTE A7 L OB ENRBUOR A AL
bRz, Tmex0E, 1975 4F 8 H IR ETIEED
THES OB LWESRN, FLWEREDOHEAZETH
BEHRHL TS | LB/ NEREBRTRSL, SEE
O E MR ZOCR s oss Ak, B
BOWKRIRL, ?7’,%0)Fﬂ%&%ﬁi@i%‘g}:ofmﬁé
WO D BAR R AR F LR O TVA.

ST, ARKEEBREEZHNDONTIHEL, [

NHL I CUE R EGBK T LEOBY, Ok
TG b L -T-. £9° 1976 4F 4 HinbHE
RO H%ARE L2 o7 #E[E# ( Hua Guofeng :
1921-2008 ) (280, Bh/NEIE 3 FE H O K AR
SN ZORMOEGED, BN EIFEREEIC
FRAEEX, FEEBA~OIFFEER T HIETRE
IIEIRE R U, &5 1977 4F 7 A ICBIES
AT E SRR S I e B =Bk
(3 e T, BN, BB E BRIREL,
SRS, R EELRE B SR Eﬁ%%&)\&ﬁﬁ&ﬁ
BB EICTEL, OO —HERICHKILI-D
Thd.

ZORNZEVNEE, TESPOHR LT, BFERe
HE BT IR EE RN RO, O LRy 7R
RETR R E EHEOMBE T, BRI 5%

DT OREBIIERGIITT Va7 R EED
B, T aT MRS 1o T2 WOREE ) M T
TELN, ENEWH, HHD 4] i@f%é?hiﬁ
M7 B20  EBV/NEIX R LIGD 72, ZokE

1) ook, 2L, iRl EsE L.

2) BE/ANTAT 1980 RIS BOBVE T ICT AR ERD, BERERNRE AR ONDhDL LR E LIZE V), oDy
Ve, R, p197. Fiz, 1975 RIS, SNEOSEHEHIR A S EEEAE NEDRFR 2 T Wit 5. KILEL

THEOREE11

EREDNRE)  BUUR VS B/ G AL, 2004 4F, 426p, p.26.
3) THEZFHBZEESNEE L TEOREAZEDLZLICHEIT 25 T o/ E

1 EEBRE TR LISV OKEE (19754 8 A

18 H) B0/ (197571982 ) H AR H T E)E, 1983 4F 11 A, 608p, p.45.

4) 1977 4E 5 A0S 9 )T, Tfho “[FEEo#%
BliEh ), BB WO LB LE LD

A, e+ =daic

el TN T, BHEAEIRE Gy ) OFFBZUET DL EMEICOW T, #0IRLES

BUDHERE], B BETEBERS BT

INEITEIRL TS, TTBR/ NS0 (1975-1982) U, RidE, p.59-, p.63-, p.71-, p.99-.
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#, BONEX, AFE SR EOHNFELTORE
FOHEEBEEEDINTHD TR DLLH S
EHOIKL TS, TLTEOHEKREE [2EBS

21 (197843 A 18 H~ 31 E  NRRZE)
TOHEMIZHAD I ENTED.

BRZF A CE/N T, TS (s, 1%, Eb, &
#Ezf/ﬁ@:a}@fﬁmtéiﬂ%f}zﬁf@fﬁmmmﬁe
Thsd. BB FHIN 2 LICIE, B E
¥, L, EzdR+52 &ﬁ%%&w&b (25
1OMEE, B8 ii%ﬁ;&;étb\ommﬁm
M | ThHHEARITH S L. F2TH AT
Lo T ES NI E OB FH 2 2 I8 RS
W0, TAEES 16D @Fﬂ%fs—zm%ﬁﬁﬁ
LI T DM ENRDLHEL FIRLT.

UL Z ORI, BEESN W P R EFE
BAFEROBEMEL TR, BBk ELT
1978 #--1985 E I 7 0 28 e B 18 o | &

FEHE STz, ZOFHE KO ET-HNE
%, KRBT 7 b8 A TR e EE o
HEINZBODOEWSFHETH TN, T 5772 HEH
WL, FE AR MEEZ O CTHHML, zajfﬁd\ﬂ?
ICRDHEEBEOBWEELDOE )T ERD.

— 77, RERERE TOB/NEOEDI, $EE
FARHOZ LR, HEBERICHE
BICZ TSN, FD15OR, FU KRS TOERK
# (Guo Moruo, 1892-1978, Efjfjr%lﬁﬁﬁﬁ)
DIFZOF | LESNT-HETHD.

o E O B BN I S b KR DR ELZ R T
1978 FIZHEAFEINDGD, ZX, FEEKIZLD
[EFIE M OB T, BEE ~o Bl
B ATEEINEDO TR H OB L I R 5, L
TIHFZOFRILVOBFZENOORIETH o7,

3. L THERMBEK]

(1) BABEL LREFEEA
%If%ﬁkﬂ% TIZdHoT2 1978 FENDS 79 FEIT)
BUNFIZRAKR, YR —L, 7’%)77%2.:)5!33
L, K& 0729 2R TR B 24 TH— 7 C, PEIOFR IR
W, BT ORI AR IICOWT R &L T
. ZHLT-REA, & D% o S 8Bl B BOR 0 vE Rl
B OBEALE O, BRILOTZDDIH25 AR
FNLRITORD ST LHER TES.
1978 45 10 HIZEH H L7280/ N, B HERIK

1) IeERERES

—TEhoTNDENZ D, KEFI R A RIEFEIC

—#CZE 8, 1996-03-29, pp359-383, p360.

11 1950 FEARDBIEELISE, BEZ 20 ESVDBHETHHEN). LIZAR-> T, BIEZDOLONEIGH A

BT DI FT AR &N BOR 2 B - 20058 | 22 i e o &

2) [EEBEHOB AT AHEH (1978 4 3 H 18 H). slILL FERJT L. T8k EScE ( 1975-1982 ) 1, i

), p.133 . 22k, BU/NEORBEBARALTRIC
FA AL EBR/NTE0 JEAE ) = M EaF9E, 31,5,
DHT o LRI DA X,

1L, FEHEE OB EHTEAZ EHL CODEOFMEN DS, FEARBE I ER%
1988 4 12 A, p.51 . &hHiT,
1961 AFITIIHFIEBI O BEIBUE D FRHE 2L, DFD, B/ NFOFHAEANERIC

B LRIV TEL N T LT

CHETEBACHG L TEIILE2RB TS THD. VFv—R =R, Jifs, p.170.

3) [BL/INFEICGE (197571982 ) I, Aidd, p.132 . F7-, BU/INER SO H 20 M E
, ZOTEFLCTEL N R IR

FANCBITAHE B S OIREETHS. BLIREV O

i3, BHEEEANRE O, 725 3O RIS
KUY 2L TV DZEThD. F

72, B INEO BRI HEEI 223 B NS W22 A THIC W T Th o - LHR TE S,

4) P TPEEAER Y Y =X PEOBFHN — e &R TAREHGEE, 2004 45 11 A,

SOOI FH M A | Tz Tl | 22> Tg.
5) WEHEHE[AER O Y=L — AR E,
- LR R | AL B
6) HIEREORLTIEIFENER].
FHLUFLR T, 88/ N0 g
7) FME,
IR
K DWFZEHE B oD A T

Jr & O

THEL, EFENICIETE RV &,

2000 4F 8 A, 216p, p.16. BEONFEFH 1 [ EHE ABURIC
% 3(2), 109-126, 2005-12-15, p.67.
http//www.gmw.cn/content/2004-09/08/content_95399.htm . ZZ

A, p.93 . A1 1978 4 TOHFEOR MRS O8R4, (1)BSH L 7= Ml
QBT A HEDOHEERD 72 <,
D, WFIEE O RN, FEREEZ ST OICARRTh o2 b, EFHMEL TV D.

166p , p.75 . H[E

BIFLE/

TIRZEOF &

BBz m <G T 2R A2 ERULIZZE~ OB FEH RO L HEKICHD

WL 70, BRI &R
LB IC R R CH 7= 2 &, GWTEC
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K OPUEEL AT o721, 8 HIMOF A #
fMHiz, BAROMEZE G A k- BE-RT) 2170
TWD. FH DGR ECORBE) Tl A MEE BT
BRRICREL, [ZNZZbbn RO TWHIES
720, TFR2 TR T LB ELN TS, 4
mlOF H TRk L nbhnoto j7eE LiEo
7. F1=, A FOBVINEORE R SIL, AAAN
el SREIE 30 oY e d %@?&@%Pﬁ%‘%ﬂ%%czgé
AR ORFZHEIFZRAREET D07,

£z, FAE 11 AICHET VT O Bl T3 Hisk
(NIE's ) D1, ¥ AR —/VEB/INERFER LT
BRICIE, B EE OE A Lilg IR B O R EhZ Lo
TRBELHRBIE TWHLRICHRLZ T, ZOH%D
A FFX O E, REEAR G AT, ézj%ﬁa“ﬁa%@
BB EDHEBGE IC O NS S A,

1979 £ 1 A KMo 7 AU HF5RITiE, YE =k
B, R ic oW T ORI EABLT, 7
AV T & D TR FE AT i ) Wy 18 | AR 3 o7 L, 1%
FAEBhZ BT D LB N Th L .

—HENTIE, [Zo0F_XTIEVIERKE
R DEESMREIZ, 1978 £ 12 A IChfES
hf:’%#‘*,ﬂ;@?)f/}ié?&ﬁ%, BN AR A
B LaR D 7. B 22 IR D3 e E L7 DI,
1981 4F 6 HIZBHESILZ3 11 1 6 a0
Th-ole. FEEEITHPREE ST REF
ZER B EMTSh, B E S Bt BRI BT
L7 #2515 (X 4K FH - Zhao Ziyang , 1919- 2005 )
2Nz, #AEFR(Hu Yaobang, 1915-1989) 234t
FITRAT, BU/NEL, R R EREEZESFERKO
SEICOEMEN B FERLIZ. TEb - TER/N R
2N FERINTHESLL, D 7e<Et 1992 - F T, F5E
DR EEIE THT T

1982 4 9 H 1 ADBEAESALZILPER 5 12 [F]

ol

LERBRETE, PREUBREBEZEARZEZER
(MR AR, BERIDE, B0/ 7, MR, 2208, M
), hRFESWRETT (W), PREHEEE
DEE EONE), PR B S BT GV,
HRHAERELZESTE —FiL (WE) Lo AERN
FFEoTo. REMHEOZLEIED R CTE/NEIEHE
DRFaEL DR FEROER LRI, T3¢, &
¥, EHP B il OB R R ICEBL, |
EEEEO L HEOR ¥ 2222 A £ %
FICEEHITHIEEE L. £24% 20 F£RTO
ﬂ"é?ﬁ?ﬂé@@H*%&LT%&,4;%-I%@T%%$E%E%4
fF1eT T ENRENT-.

— 5T, BUNFIETAM B2 TR0 7E0, &
BTN DOBTED TS [ R F A D K& 70770
%, 10 R, J\@ﬁﬁi%fimcbf%f::&f&;
5 EbFEE L. EFNDZ, FT-IRESND
BHEEANBOR X, TR EIFOBARL) D= D
T ROMIZ, AMBERROE B PEVIAENHZE
\Z7p o7,

(2) TRIZFRMHEREWNETE] &
RZRMEEY R TLDHE ]

AIRE DB/ NEDIE S 1E, B2 HiTichnibs—
IREIZRBUE 8 CTh otz 2o EHTES W, &
WIOFLF AN FHEN, 1982 %c:ﬁ@éhﬂﬂ%
Befiv EE R 22 5l | Tho 7.
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Learning a Foreign Language from a Busy Person's Perspective

— Part 4 : Grammar Foundation Completed after 18 Months —
John GATES"
This paper continues to document the progress of an English teacher learning Finnish while
working at a College of Technology. After completing 18 months of study the basic grammar
foundation has been completed as proposed by Farber's method for learning a foreign language.
Therefore, this paper not only documents the progress towards fluency in Finnish but also includes
a brief summary of the basic Finnish grammar that has been studied. Also proposed is a plan for
reading articles from a Finnish newspaper. A weakness of the vocabulary learning approach, which
is that the vocabulary words are not studied based on their frequency in daily conversation, is also
documented.
Keywords : English education, Finnish, Farber's method, foreign language learning, Kosen,

Lorayne's memory method, grammar, vocabulary

1. Introduction

Previous papers”™ have proposed that by learning a foreign language, College
of Technology (Kosen) English teachers could improve their teaching methods as they
experience the difficulties that their students have in learning English. As an experiment,
the language learning method proposed by Farber® was chosen for learning Finnish.
After studying Finnish for a year it was observed that it is important to master the
pronunciation, that Lorayne’s memory method® is effective for remembering
vocabulary, using various types of study material concurrently is useful, and the major
difficulties are a lack of time and motivation. This paper documents the progress for an
additional six months during which a basic foundation of grammar was acquired.

2. Progress Towards the Fluency Goals

In a previous paper® the fluency targets were set for the four basic language
skills. The reading target is 200 words in 5 minutes with 70% comprehension. The
listening target is 50% comprehension of a newscast. The speaking target is 30 minutes
of general conversation and the writing target is 200 words in 20 minutes. Also the first
five chapters of the grammar textbook must be studied.

Table 1: Fluency level achieved

Skill % (first year) Achieved (last 6 months) Total
Grammar | 40% Chapters 3to 5 100%
Reading | 0% 0 words (Did not read any news articles) 0%
Listening | 7% Still 30% comprehension of the textbook’s CD | 7%
Speaking | 7% Approximately 3 minutes of conversation 10%
Writing | 0% 0 words (Not attempted) 0%

“Department of Liberal Arts (English)
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Table 1 shows the approximate fluency levels achieved in the last six months
and compares them with the fluency levels attained in the first year. Farber’s method
suggests that the first five chapters of the grammar textbook provide a sufficient
foundation for beginning to read newspaper articles. From the Table 1 it can be seen that
Chapters 3 through 5 of the textbook were studied during the last six months.
Combining this with Chapters 1 and 2, which were studied in the first year, brings the
total to 100% thus completing the basic grammar requirement.

Table 2: Classification of study time

First Year | Last 6 Months Total

(Minutes) (Minutes) (Minutes) %
Hidden moment: Reading while eating 849 82 931 7.77
Hidden moment: Listening while working 3675 1538 5213 43.46
Hidden moment: Studying while waiting 1634 1827 3461 28.85
Regular study: Studying the textbook 1256 365 1621 13.51
Regular study: Making flashcards 371 398 769 6.41
Total time 7785 4210 11995 100

From Table 2 it can be seen that a total of 4210 minutes were spent studying
Finnish in the last six months. In the previous half years only 3881 minutes and 3904
minutes were spent studying Finnish, respectively. As a result, three chapters of the
textbook and many more words could be studied. This data is summarized in Table 3.

Table 3: Vocabulary and grammar test scores

Chapter Words & | First test: Eng. | Second test: Eng. | Third test: Finn. | Chapter

(half year) Phrases to Finn. (%) to Finn. (%) to Eng. (%) Test
Intro. (1% half) 131 79% 98% 95%
Ch. 1 (2" half) 111 89% 99% 99% 94%
Ch. 2 (2" half) 95 90% 99% 99% 95%
Ch. 3 (3" half) 156 89% 98% 99% 85%
Ch. 4 (3" half) 206 90% 94% 97% 93%
Ch. 5 (3" half) 303 93% 98% 96% 85%

3. Observation 1: Fundamental Grammar Requirements Fulfilled

As was mentioned above, Farber’s method suggests that the first five chapters
of the grammar textbook should be studied thoroughly to provide a sufficient foundation
for beginning to read newspaper articles. From Table 1 it can be seen that this basic
grammar requirement has been completed after a total of 18 months of study. However,
from Table 2 it will be seen that the total time spent studying Finnish during the past 18
months was 11995 minutes or 200 hours. Although, 200 hours may seem like a long
time to learn only five chapters of grammar a closer look at Table 2 will show that only
20% of the time, or 40 hours, was spent in “regular study.” That is time dedicated to
only studying Finnish. This “regular study” consists mostly of reading the textbook and
preparing flashcards for studying the related vocabulary and grammar. Also, a full year
course at a Kosen has about 45 hours of lecture time, thus after one year of studying



John GATES : Learning a Foreign Language from a Busy Person’s Perspective

most Kosen students will have reached this level. In fact, as will be seen in Section 4,
most Kosen students will have studied the corresponding grammar material in junior
high school.

On the other hand, 80% of the time, or 160 hours, consists of “hidden
moments.” That is time spent studying Finnish while doing other things. From Table 2 it
can be seen that more than 40% of the total studying time consists of listening to the CD
from the textbook while doing other things. In addition, 30% of the total studying time
was spent memorizing flashcards while riding the train or waiting for appointments, etc.
This recovered time is greater than the amount of time spent in traditional study.

4. A Summary of the Grammar Studied in the First Five Chapters

According to Farber’s method, the next step after completing the fundamental
grammar requirement is to begin reading newspaper articles. Therefore, it is useful at
this point to document what grammatical structures have been studied. This section will
summarize the grammar structures of the first five chapters of the textbook and
demonstrate how Finnish is quite different from English and Japanese.
4.1. Questions

The grammar structure for questions provides a good example of how Finnish
is different from English. For example the verb ‘to speak’ is ‘puhua’ in Finnish. The first
person singular, ‘I speak’, is ‘puhun’ and the second person singular, ‘you speak’, is
‘puhut’. Here the ‘n’ and ‘t’ at the end of the words indicate the person. Questions are
formed by adding -ko or -ké to the end of the word after the personal ending. For
example ‘Puhutko?’” means ‘Do you speak?’ Similarly, the verb ‘to understand’ is
‘ymmarréd’ and ‘you understand’ is ‘ymmarrat’. Therefore “Ymmarratk6?’ means ‘Do
you understand?’ In these two examples, it should be noted that the endings are slightly
different. In the first example the ending is -ko whereas the second ending is -ko. The
reason for the difference is due to “vowel harmony” which is explained in Section 4.2.
Questions can also be formed using special question words such as ‘kuka’ meaning
‘who’ and ‘missa’ meaning ‘where’.
4.2. Vowel Harmony

There are eight vowels in Finnish, which are divided into two types. The first
type is the “back vowels” which are a, 0, and u. The second type is the “front vowels”

which are &, 0, y. The remaining vowels are e and i which are neutral vowels. The rule

for vowel harmony is that front vowels cannot occur in the same word with back vowels.

Although in compound words they may occur together. The neutral vowels, e and i, can
mix with either type of vowel. However, if there are only neutral vowels then the front
vowels will be used when endings are added to the word. This was demonstrated in
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Section 4.1 when the endings -ko and -ké were added to the end of the verbs to make

questions.

4.3. Case Endings
“Case endings” are used in Finnish instead of the prepositions (e.g. to, from, in,

etc.) that are used in English. There are fifteen different endings and the ten that have

been studied so far are summarized in Table 4, below.

Table 4: Case ending summary

Case Ending Usage Example Translation
Nominative | singular: (none) (basic form) auto car

plural: -t (basic plural form) | autot cars
Inessive -ssa / -ssa inside, in autossa inside the car
Elative -sta / -std out of, from autosta out of the car
Adessive -lla/-lla on, by autolla by car
Ablative -lta / -Ita off autolta off the car
Genitive -n possession auton of the car
Essive -na /-na state autona as the car
Partitive -al-a quantity autoa some cars

-ta /-t vetta some water

-tta / -tté4 perhetta some families
Ilative -(vowel)n into autoon into the car

-h(vowel)n maahan into the country

-seen, -siin Porvooseen to Porvoo
Allative -lle onto autolle onto the car

4.4. Consonant Gradation

From Table 4 it can be seen that there are many endings that can be added to

words to change their meaning. However, these endings may also cause changes in the

root word itself in a process called “consonant gradation.” Consonant gradation occurs

when a syllable that ends in a vowel is “closed” by an ending which is a single

consonant (i.e. -n) or which begins with two consonants (i.e. -ssa). The major changes

are summarized in Table 5.

Table 5: Consonant gradation summary

Consonant change | Nominative Translation Consonant gradation Translation
t>d poyta table poydalla on the table
k - disappears Turku (place) Turussa in Turku
p->V kylpy bath kylvyssé in a bath
tt>t konsertti concert konsertissa in a concert
kk > k pankKi bank pankissa in a bank
pp—2>p kauppa shop kaupassa in a shop
nk > ng kaupunki town kaupungissa in a town

nt = nn Skotlanti Scotland Skotlannissa in Scotland

4.5. Verbs

It can be seen from the previous sections, which describe vowel harmony, case

endings and consonant gradation, that Finnish has a very complicated grammatical

system. Therefore, it is natural to expect that the grammatical rules for verbs will also
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be complicated. Verbs are also affected by vowel harmony and consonant gradation in
the same way as nouns and adjectives. However, as was briefly introduced in Section
4.1, verbs also change based on the person. Finnish has only a present tense and a past
tense. Future actions are indicated by using the present tense in combination with future
expressions of time. As of Chapter 5, only the present tense verb patterns have been
studied. There are four general groups of verbs based on the ending of the infinitive of
the verb. These verbs are summarized in Table 6.
Table 6: Verb summary

Group 1 Group 2 Group 3 Group 4
Infinitive ending: Infinitive ending: Infinitive ending: Infinitive ending:
-ald -da/dé consonant + -a /-4 -ta / -ta after a vowel
saapua to arrive kayda to visit menna to go haluta to want
saavun I arrive kayn | visit menen I go haluan I want
saavut you arrive | kayt you visit | menet you go haluat you want
saapuu he arrives | kdy he visits | menee he goes | haluaa he wants
saavumme | we arrive | kAymme | we visit | menemme | we go haluamme | we want
saavutte you arrive | kdytte you visit | menette you go haluatte you want
saapuvat | they arrive | kdyvat they visit | menevat | they go | haluavat | they want

5. The Reading Plan

According to Farber’s method, once the first five chapters of the grammar
textbook have been studied, the learner should begin to read real articles such as those
taken from a newspaper or magazine. As can be seen from Table 3, only about 1000
words and phrases have been studied. Also, as can be seen from Section 4, only a very
basic foundation of grammar has be completed, thus it is quite natural to expect that
there will be many unknown words and grammatical structures encountered when
reading the article. Therefore, after the first paragraph has been read, the meaning of all
the unknown words will be looked up in a dictionary or online. Then these words will
be written on flashcards and memorized. Once the words for the first paragraph have
been remembered, the process will be repeated on the second paragraph. By the end of
reading the entire article many new words will have been studied. Concurrently with
reading the article from the newspaper, the grammar textbook will also be studied.

6. Observation 2: Vocabulary Words not Based on Frequency of Usage

From Table 3 it will be observed that approximately 1000 words and phrases
have been studied. From Table 2 it can be seen that about 29%, or 58 hours, of the total
time spent studying Finnish was studying vocabulary during free moments while riding
the train or waiting for appointments, etc. However, it should be pointed out that this
method does not study vocabulary based on the relative frequency of the usage of the
words in daily life. Thus, many words have been remembered that are not offen used in

daily conversation and many words needed for daily conversation, have not yet been
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studied. For example, the words ‘luostariin® meaning ‘to the monastery’ and
‘luonnonpuisto’ meaning ‘nature park’ have been memorized. However, words such as
‘pen’, ‘pencil’, and ‘paper’ have not yet been studied. This discrepancy will also
continue as many newspaper articles will contain words that are seldom used in daily
conversation. Therefore, to balance this lack of commonly used vocabulary, Farber
recommends that after a sufficient number of newspaper articles have been read that the
learner should study a basic phrase book.

7. Conclusion and Future Work

This paper has summarized the progress of the first 18 months of studying
Finnish. During that time the first five chapters of the grammar textbook have been
sufficiently studied. As this completed the first step of Farber’s method for learning a
foreign language, a basic summary of the Finnish grammar studied during the past 18
months has also been presented in this paper. Also, the paper proposes a plan for reading
newspaper articles and studying the unknown vocabulary found in the articles. As an
observation it was discovered that some of the vocabulary words that have been studied
are not used much in daily life and that many basic words have not yet been studied.

For future work, the study of Finnish will be continued and further
observations will be recorded. In addition, the plan for reading newspaper articles
written in Finnish will be implemented.
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An analysis of class communities by using Questionnaire-Utilities

Kazutoshi KURODA

We have conducted QU that targets TNCT freshman in April and December. Analysis of the
QU shows that TNCT students ware very high motivation for learning in April. It was reduced in
about 8 months, however. Correlation was found between the learning achievement and motivation
for learning. A comparison of the December and April, the score of “relationships with friends” and

“feeling of infringement” became high in December. On the other hand, “consideration for others”
score ware decreased. There ware differences in “relationship with teachers” and “Adaptation to

the class community” between classes.
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Pump Performance and Flow Behavior in Valve Chamber according to
Changes of Air Volume in Air Chamber in Water Hammer Pump System

Sumio SAITO*, Masaaki TAKAHASHI™, Yoshimi NAGATA™*, Takuya IWAMURA™,
Keita DEJIMA*** and Gaku HIJIKAT A****

Recently, as global-scale problems, such as global warming and energy depletion, have attracted
attention, the importance of future environmental preservation has been emphasized worldwide,
and various measures have been proposed and implemented. Water hammer pumps can effectively
use the water hammer phenomenon in long-distance pipeline networks that include pumps and
allow fluid transport without drive sources, such as electric motors. The results of experiments
that examined the effect of the geometric form of water hammer pumps by considering their major
dimensions have been reported. However, these conventional studies have not fully evaluated
the pump performance in terms of pump head and flow rate, common measures indicating the
performance of pumps. The previous paper experimentally examined how the hydrodynamic
characteristics were affected by the inner diameter ratio of the drive and lifting pipes, the form
of the air chamber, and the angle of the drive pipe. This paper proposes the effect of air volume
in air chamber that affects the hydrodynamic characteristics and operation conditions of the
water hammer pump and also clarifies the flow behaviors in the valve chamber by using the flow
visualization method during water hammer pump operation.

Keywords : Water Hammer Pump, Fluid Transients, Pump Performance, Pressure Fluctuation,

Velocity Fluctuation, Flow Visualization

1. Introduction

In the field of energy- and life-related technology, a variety of fluid machines play an important role in
the infrastructure of society, and more energy-saving and resource-saving machinery will be needed.

Water hammer pumps, which effectively use the water hammer phenomenon that imposes a
problem in fluid pipeline networks including pumps, are a promising means for effectively
transporting fluid even in regions lacking developed infrastructures due to its ability to
transport water without drive sources, such as electric motors.

Conventional studies on water hammer pumps include those that propose configurations
mainly for educational purposes [1], [2], [3]; the results of experiments that examined effects
of major specifications for the geometric form of water hammer pumps [4], [5]; and a paper
that analyzes the water hammer phenomenon numerically by using the characteristic curve
method for comparison with experimental results [6]. These studies, however, have not fully
evaluated the relationship between pump head and flow rate, common measures indicating

pump performance.
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This study examines the relationship between the temporal pressure fluctuations in the valve and
air chambers at different air volumes in the air chamber and the performance of the water
hammer pump to elucidate the behavior around the valve and air chambers that affects the
operating conditions of the water hammer pump, and, at the same time, clarifies flow behaviors

in the valve chamber during the pump operation.

2. Experimental Apparatus and Method

2.1 Experimental Apparatus

Figure 1 shows an overall schematic diagram of the water hammer pump system used for the
experiment. Figure 2 shows a detailed schematic diagram of the water hammer pump, including
the valve chamber and its associated parts. The pump is composed of main parts from the water
tank (1) to the spring (8).

The drive pipe (2), which supplies water from the water tank (1) to the valve chamber (3), is
made of acrylic resin material to allow the visualization of internal flow. The valve chamber
(3) and the air chamber (6) are also made of acrylic resin material and configured so that ink
can be injected for the visualization of flow in the valve chamber. The valve chamber (3) has a

seat on its wall, on which an electro-magnetic flow velocity meter can be attached.

/! v

;f =

(7) Lift pipe /

\/

i

(1) Water tank ~d, /

h

(2) Drive pipe (3) Valve chamber (4) Drain valve

Fig. 1 Water hammer pump system

(6) Air chamber (7) Lift pipe

(5) Lift valve

|
I\
] (8) Spring

(3) Valve chamber (4) Drain valve

Fig. 2 Main parts of water hammer pump
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2.2 Experimental Conditions and Geometric Form Factors

Table 1 shows the factors that affect the hydrodynamic characteristics of the water hammer
pump. For this experiment, four different air volumes were used in the air chamber, while the
drive pipe inner diameter and the lift pipe inner diameter were set at D = 25 [mmeo] and d = 18
[mme], to examine the effect of the air volume on the performance of the water hammer pump.

The drive pipe length was set at L = 4 [m], and the drive pipe angle was set at 8 = 7 [°] with
reference to the results of the previous study [7]. The water level, which is equal to the height
between the water level in the water tank (1) and the valve chamber (3), was fixed at H = 0.5
[m].

Table. 1 Experimental factors of water hammer pump

Geometrical form factor Experimental condition
inner diameter D 25
Drive pipe length L [m] 4
angle 6 1°] 7
Lift valve opening area A[mm?] 254
Lift pipe inner diameter d 18
Air chamber capacity (Spherical type) V[¢] 3.85
Air volume in the air chamber Vo [t] 0, 0.356, 1.94, 3.76
Spring length Cs [mm] 46.7
constant k 0.122
Water level H [m] 0.5

2.3 Experimental Conditions and Geometric Form Factors
Closing of the drain valve (4) located downstream of the valve chamber (3) causes the water

hammer which in turn [lifts water through nine 6[mm]-diameter holes

(A1=254[mm?]) in the valve seat of the lift valve (5).
The input flow rate Q;into the water hammer pump was determined by measuring the flow

phenomenon,

rate entering the water tank (1) while keeping the water level in the tank constant. In addition,
the lift pipe outlet was positioned so as to obtain the desired pump head; the outlet flow rate
was measured by a gravimetric method to determine the lifted flow rate Q,. The flow rate from
the drain valve Qg was also measured directly by the gravimetric method. The measurement of
each flow rate was conducted for as long time as possible to minimize errors caused by flow
fluctuations.

The performance of the water hammer pump is indicated in terms of the lifted flow rate Q,
and the pump head h, after the typical turbo pump performance indication. The pump
efficiency 5 is calculated with the following equation taking into consideration the input and

output flow rates of the water hammer pump [7] [8].
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_ Quxh  Qu h_ _h
TQxH Q+Q R My W

where 7y (= Qu/ (Qq+Qu ) ) indicates volumetric efficiency of the water hammer pump.

n

To investigate the hydrodynamic behavior in the water hammer pump, temporal changes in
pressure P, in the valve chamber (3) and P, in the air chamber (6) shown in Figure 2 are
measured with a pair of strain gauge pressure transducer (PGM-1KG, manufactured by Kyowa
Electronic Instruments Co., Ltd.), an amplifier and an A/D converter.

Furthermore, in order to examine the flow behavior in the valve chamber, a sensor of an
electro-magnetic velocity meter (VM-801H, manufactured by KENEK Corporation) capable of
measuring simultaneously flow velocity vy in the flow direction from the drive pipe and flow
velocity vy in the water lifting direction is installed vertically at the center of the valve
chamber and horizontally co-axial to the center of the lift valve.

For the behavior of flow in the valve chamber, the internal flow was visualized and

observed by injecting ink upstream of the valve chamber.

3. Experimental Results and Discussion

3.1 Changes in Water Hammer Pump Performance at Different Air Volumes in the Air
Chamber

Figure 3 shows the water hammer pump performance measured at four different air volumes
in the air chamber (V,=0, 0.356, 1.94 and 3.76 [£]).

In the first quadrant, the relationship between the pump head h and the lifted flow rate Q, is
represented by downward-sloping curves similar to typical pump performance curves. As seen
from the figure, the curves are flatter at higher levels of V, (steeper at lower levels of V,).

The relationship between the pump efficiency » and the lifted flow rate Q, is represented by
upward-sloping curves, except in the case of Vo, = 0 [£]. The pump efficiency is higher at

higher levels of V,.

=0

£
I
T

T Pump head fr fm]

— = bt
L
-

J

T
100 80 60 40 202 0—05 | 1.5—2—25
Number of water hammer
occurrence O [count/min)

o S
T

b d I
[mme | [mme]| |

oo
T

Drain flow
rate (1, [ (/min]

222

Fig. 3 Change in water hammer pump performance due to air volume in the air chamber
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The fourth quadrant represents the relationship between the drain flow rate Qg and the lifted
flow rate Q,. Only when V, = 0 [(], the drain flow rate increases as the lifted flow rate
increases. Except in the case of V, = 0 [{], the drain flow rate is lower at higher levels of V,
and remains almost constant regardless of the lifted flow rates Q,.

In the second quadrant, the number of water hammer occurrences C is around 40 [count/min]
regardless of the pump head h.

3.2 Temporal Pressure Fluctuations in Valve and Air Chambers of Water Hammer Pump

3.2.1 Operating Principle of Water Hammer Pump

Figure 4 shows visualization photos of flow in the valve chamber at the pump head of h = 2
[m] in case of Vo= 1.94 [£] corresponding to four states from Phase [1] to [4] shown in Figure
5 that represents behavior during the water hammer pump operations. The behavior was
observed in increments of 0.1 [sec] for the duration of 1.5 [sec].

Green streaks in the valve chamber are observation ink injected upstream of the valve chamber.

Phase [1] indicates flow conditions at 0.1[sec], where the drain valve is open and water from
the water tank (1) flows into the valve chamber.

At 0.7 [sec], which corresponds to Phase [2], the drain valve closes to induce the water
hammer phenomenon and the associated pressure causes the lift valve, shown by the single
dotted chain line, to start to open.

Phase [3] starts at 0.8 [sec], at which time the lift valve is most open, and goes to 0.9 [sec],
at which time the lift valve is just about to close.

At 1.0 [sec], which corresponds to Phase [4], closing of the lift valve and opening of the
drain valve occur simultaneously as seen in the photo.

N 0.11 [sec] N | 0.7 [sec] Y,

Drain valve |

. ol & . olb @ &
\_ 0.8 [sec] 0.9 [sec] / N 1.0 [sec] Y,

Phase[3] Phase[4]

Fig. 4 Flow visualization around valve chamber (h = 2[m], Vo = 1.94 [£])



38 HR TSRS M AR et & (5844 (1) %)

(6) Air chamber (7) Lift pipe

(4) Drain valve

(5) Lift valve l

Flow

g
Phase [3] Phase [4]

Phase[ 1] Phase[2]

Fig. 5 Water hammer pump operation

Figure 6 shows temporal fluctuations in flow velocities v, and vy in the flow and water-
lifting directions, respectively, measured at the center of the valve chamber using an electro-
magnetic velocity meter under the same conditions as Figure 4.

This suggests that vy tends to gradually decrease in Phase [1] and vy increases with a small
delay after Phase [2] at which the drain valve has closed, indicating that water is being lifted.

After Phase [3] where the lift valve is open, vy starts to decrease.
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Fig. 6 Velocity fluctuations in valve chamber (h=2[m], V.=1.94[(])

3.2.2 Pressure Fluctuations in the Valve and Air Chambers at Different Pump Heads and
Visualization of Flow around the Valve Chamber

Figure 7 (a) and (b) show temporal pressure fluctuations in the valve and air chambers at
different air volumes in the air chamber V, at a pump head of h = 2 [m].

In Figure 7 (a), the waveform of the pressure in the valve chamber is extremely sharp at V,=
0 [€], which represents that the air chamber is completely filled with water. At higher levels of
Va, the peak pressure is lower, and the pressure holding time during lifting operation Az is
longer.

In Figure 7 (b), the decrease in the air chamber pressure after Papeak iS smaller at higher
levels of V,.

When V, = 0 [£], a specific waveform with the largest pressure fluctuations is observed;

after Pa peak, the pressure decreases rapidly to a negative value. The observation of the behavior
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in the valve chamber under this condition shows that, after the air chamber pressure reaches
Papeak and then decreases sharply, the lift valve remains open until the pressure starts to
increase again, allowing water to flow into the air chamber.

For the four levels of V,, Figure 8 shows the behavior of flow around the valve chamber
during Phase 2 of water hammer pump operation at a pump head of h = 2 [m]. The opening
degree of the lift valve (5) indicated by a dotted circle increases at higher levels of V,. This
observation agrees with the fact that the pressure holding time during lifting operation At

increases at higher levels of V,, as shown in Figure 7 (a).
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(a) Pressure in the valve chamber P, (b) Pressure in the air chamber P,

Fig. 7 Pressure fluctuations at different levels of V, at h=2 [m]
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Va=0[(] Va=0.356 [] Va=1.94 [(] Va=3.76 [{]
Fig. 8 Visualization of flow around the valve chamber at h = 2 [m]

3.2.3 Effects of the Air Volume in the Air Chamber on Pressure Behavior in the Valve
and Air Chambers

Based on the results presented above, Figures 9 indicate the effects of the air volume in the
air chamber on the peak pressure Py peak in the valve chamber at each pump head.

Figure 9 shows that, at low pump heads of h = 1 and 2 [m], the peak pressure Py peak in the
valve chamber tends to decrease as the level of V, increases. The peak pressure decreases
sharply in the presence of only a small amount of air, e.g. Vo= 0.356 [{]. At high pump heads
of h =3 and 4 [m], the pressure fluctuates little and remains almost constant regardless of the

air volume.
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Fig. 9 Relationship between the peak pressure Py peak in valve chamber

and the air volume V, in air chamber

Figure 10 indicates the relationship between the pressure holding time during lifting
operation A4¢ in the valve chamber and the air volume in the air chamber V, at each pump head.
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A 0 1 2 3 4

Air volume in the air chamber V,[{]

Fig. 10 Relationship between the pressure holding time during lifting operation A¢
in valve chamber and the air volume V, in air chamber

Figure 10 shows that the effect of V, on the pressure holding time during lifting operation 4¢
in the valve chamber is the most significant at a low pump head of h = 1 [m]. At higher pump
heads, the value of 4¢ remains almost constant regardless of the air volume.

At all pump heads, the pressure holding time during lifting operation 4t is the shortest at V4
= 0 [£], which represents that the air chamber is completely filled with water. This observation
agrees with the fact that the peak pressure is generally high at V,= 0 [{], as shown in Figures 7(a).

These findings reveals that, at Vo= 0 [£], the peak pressure in the valve chamber fluctuates
largely and sharply regardless of the pump head. At lower pump heads, the effect of V, on the
increase in the pressure holding time during lifting operation Az is greater. Thus, the lifting of

water may be facilitated by the compression effect of air in the air chamber.
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4. Conclusions

The relationship between the temporal pressure fluctuations in the valve and air chambers at
different air volumes in the air chamber and the performance of the water hammer pump has
been examined to elucidate the behavior around the valve and air chambers that affects the
operating conditions of the water hammer pump.

This study has yielded the following findings.

(1) The pump head vs. flow rate curves are flatter at higher levels of air volume in the air
chamber V,(steeper at lower levels of V,). The pump efficiency n generally rises as the level of
Va increases.

(2) The peak pressures in the valve and air chambers vary depending on the pump head.
However, the visualization of flow around the valve chamber has revealed that, basically, the
operations in Phases [1] to [4] are repeated regardless of the pump head.

(3) The flow velocity in the valve chamber over an entire cycle of the water hammer pump
operation has certain irregular fluctuations regardless of pump head values; however, the basic
flow behavior is as follows at any lift valve seat opening area A;: in Phase [1] the velocity of
the flow direction vy in the drive pipe flowing from the water tank, of which water level is kept
constant, gradually increases, then it abruptly slows down right after Phase [2] along with the
quick closure of the drain valve. The lift valve opens at the same time, and the lift direction
velocity vy sharply increases.

(4) The peak pressure Py peak in the valve chamber tends to decrease as the air volume in the
air chamber V, increases. The fluctuations are more significant at lower pump heads.

(5) The effect of the air volume in the air chamber V, on the pressure holding time during
lifting operation 4¢ in the valve chamber is more significant at lower pump heads. Regardless

of the air volume, the value of 4¢ remains almost constant at higher pump heads.

Nomenclature

C  Number of water hammer occurrences [count/min] Q¢  Drain flow rate [¢/min]
h Pump head [m] Qi  Input flow rate [¢/min]
P.  Pressure in the air chamber [kPa] Q.  Lifted flow rate [€/min]
P,  Pressure in the valve chamber [kPa] AT Water hammer occurrence interval [s]

At Pressure holding time during lifting operation [s]
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Evaluation for the Optimal Cylindrical Rod Position that effects

on the Stall Control in a Thick Wind Turbine Blade

Sumio SAITO?* Takahiro YAMASHINA™, Masaaki TAKAHASHI™,
Takuya IWAMURA™ and Kai OSA W A*****

Regarding the entire structure of wind turbine blades, it has been recognized that the
improvement of the aerodynamic characteristics of the airfoil at each blade portion is important.
The previous paper focused on small wind turbines, the Reynolds number of which is an order of
magnitude smaller than that of actual middle or large wind turbines. As a first step in optimizing
the airfoil shape along the entire section of wind turbine blades, the typical airfoil shapes or actual
thin and thick wind turbine blades were employed to study their basic aerodynamic characteristics
and flow conditions around the blades at different angles of attack, including those before and after
stalls. It was also proposed that placing a cylindrical rod in front of a blade as a simplified stall
control method for controlling the flow around the blade and avoiding stall phenomena improved the
flow on the upper surface of the blade and extended the operable range significantly until the angle
of attack reached the high attack angle region where a stall occurred. In this paper, a cylindrical rod
in front of the thick blade was placed to examine the behavior of flow around the blade by using
experimental and flow analysis methods and studied the effect of the cylindrical rod on the control of
stall phenomena and its optimal position.

Keywords : Thick Wind Turbine Blade, Stall Control, Aerodynamic Characteristics, Pressure Distribution,

Flow Visualization, Cylindrical Rod

1. Introduction

Currently, widely used large wind turbines with propeller-type rotors on a horizontal axis employ wind
turbine blades, the thickness ratio ¢ (ratio of the maximum blade thickness T to the chord length C) of which
is small at the blade tip (thin blade) and large at the blade root (thick blade). Regarding the entire structure
of wind turbine blades, it has been recognized that the improvement of the aerodynamic characteristics of
the airfoil at each blade portion is important.

The effect of blade surface roughness on the characteristics was also studied in connection with the flow
conditions around the blade ™ @, by employing two types of thick blades with airfoil shapes that likely
affected aerodynamic characteristics and by dividing the process of changes in the slope of each
aerodynamic characteristics curve into three regions, as reported in the previous paper ©.

It has been proposed that placing a cylindrical rod in front of the blade to generate transverse vortices
with their axis in the spanwise direction, as a simplified stall control method for controlling the flow around
the blade and avoiding stall phenomena, improved the flow on the upper surface of the blade and extended
the operable range significantly to a higher angle of attack where the stall occurred .

This paper deals with a thick blade having a cylindrical rod placed in front of the blade to examine the
behavior of flow around the blade by experiments and study the effect of the cylindrical rod on the control

of stall phenomenon and the optimal position for the cylindrical rod.

* Department of Mechanical Engineering

*x Mitsubishi Heavy Industries, Ltd.

***  Yokohama National University

**** Mechanical and Computer Systems Engineering, Advanced Engineering Course
****x* |HI Marine United Inc.
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2. Experimental apparatus and airfoil shape under test

2.1 Experimental Apparatus

Figure 1 shows the same wind tunnel model as used for the experiments in the previous
papers )~ (),

The small wind tunnel (O has a cross section of 400 [mm] high and 300 [mm] wide at the
outlet and is capable of performing experiments at a wind velocity of up to 20 [m/s]. The wind
velocity can be adjusted by opening and closing the damper @ at the wind tunnel inlet.

A mounting shaft of the airfoil under test 3 penetrates clear acrylic plates @ that
surround both sides of the airfoil, and the shaft is connected to a strain gauge type multi-
component load cell & for the measurement of lift and drag forces.

To measure the wind velocity U.., a JIS-compatible pitot tube [6 mm in diameter] ® and a
tilting manometer (D are used. The lift force L and the drag force D on the blade are recorded
on a multiple pen recorder and a personal computer (PC) from the multi-component load
cell via a calibrator and an amplifier ©.

The flow velocity behind the blades was measured by a hot-wire probe @ instead of the

pitot tube ® and recorded in a hot-wire anemometer @.

]

> DG D6

Fig. 1 Experimental apparatus

2.2 Airfoil shape under test

Figure 2 shows DU97-W-300 ® ® developed by Delft University of Technology in the
Netherlands, which was employed as a thick blade in the previous papers ® ). It indicated that
characteristic behaviors occurred in the process of changes in the lift coefficient and drag
coefficient to the angles of attack according to the roughness of the blade surface in the case of
thick blade .

Chord Length C 120 [mm]
Maximum Thickness T 36 [mm]
Thickness Ratio o=T/C | 30 [%]

Spanwise Length S 298 [mm]

Fig. 2 Shape of specific of airfoil (DU97-W-300)
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In this paper, this airfoil shape was employed as the one under test to understand the occurrence
of stall with and without a cylindrical rod and the behavior of flow around the blade. This paper
also examined the effect of the cylindrical rod on the stall control through experiments.

Since the airfoil was made from stereolithography resin, the blade surface has streaky
features, each with a thickness corresponding to the layer width. These streaky features were
polished with sandpaper to finish the surface roughness of the blade to 0.7 [um] in the flow
and span directions. The airfoil has a thickness ratio ¢ of 30%, a chord length C of 120 [mm],

and a spanwise length of 298 [mm].

3. Positions of the cylindrical rod placed in front of the blade

To realize blade stall control in a simple way by a cylindrical rod placed in front of the
blade, an aluminum cylindrical rod of 5 [mm] in diameters and 300 [mm] length was placed in
four positions for Cases 1 to 4, as shown in Figure 3.

The details of the positions are shown in Table 1.

Specifically, the effect of the following two patterns of cylindrical rod positions was

examined.
E—L l b Table 1 Position of the cylindrical rod
s — O : Variation in the horizontal direction DU97-W-3OO Cylindrical rod
O : Variation in the vertical direction O : Variation in the horizontal direction b
ase2(-7020)  Case1(JO20) L] : Variation in the \ertical direction d [mm] [mm]
T DU97-W-300 -10
e O Casel 20
a -60 -40 20 1o\ , : ) O Case 2 D
I—_.*'j-“““"-'“ j P T~ e X% Case 3 D -70 60
—26° T
a-26 N Case4 O -20

Fig. 3 Position of the cylindrical rod

(1) Effect of the cylindrical rod positions in the horizontal direction

Cases 1 and 2 are designed to evaluate how the cylindrical rod positions in the horizontal
direction affect aerodynamic characteristics of the blade.

The rod is placed such to be at a position determined by the point b = 20 [mm] in the
vertical direction (indicated the upward direction of the blade in positive) and at -10 [mm] and
-70 [mm] forward (indicated the forward direction of the blade in negative) of the blade in the
horizontal direction.

In this condition, the height of the cylindrical rod, in the vertical direction, 20 [mm] as
shown in Fig. 3, is equivalent to a point where the blade tip is positioned 20 [mm] in the
vertical direction from the origin (blade tip position at a = 0°) at the second stall (a = 26°) in
the case without placing the cylindrical rod as shown in Figure 4.
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(2) Effect of the cylindrical rod positions in the vertical direction

To evaluate how the cylindrical rod positions in the vertical direction affect aerodynamic
characteristics of the blade, together with Case 2, Cases 3 and 4 fix the forward horizontal
point a = -70 [mm] and place the cylindrical rod to a position 20 [mm] (Case 2), 60

[mm] (Case 3), and -20 [mm] (Case 4) in the vertical direction, respectively.
4. Characteristics of “DU97-W-300” with the cylindrical rod placed in front of the blade

4.1 Variation in horizontal positions of the cylindrical rod (Casel and 2)

(a) Aerodynamic characteristics of “DU97-W-300”

Figure 4 shows the variation in the lift coefficient C_and drag coefficient Cp with the angles
of attack a ranging from 0° to 40° by an increment of 2° and the Reynolds number Re =
1.4x10° of Cases 1 and 2, together with the characteristics curves of the case “without the
cylindrical rod” (this condition is referred to as “Normal” in Figure 4).

In the case of “without cylindrical rod”, the lift coefficient C_ increases gradually as the angle
of attack increases. However, it decreases between a = 8° and 10°. After it indicates the maximum
value at a = 24° along with the increase in the angle of attack, it decreases at a = 26° again.

By focusing on the variation in C. here, the decrease of C_at « = 10° is defined as “the first
stall”, and that of C_ at « = 26° is defined as “the second stall” ©.

In the case without the cylindrical rod, the first stall occurs where the lift coefficient
decreases at the angles of attack ranging from a = 8° to 10°. The ratio of the decrease is found
to be extremely small in Cases 1 and 2.

Furthermore, in the region of the angles of attack, ranging to « = 26° where the second stall
occurs in the case without the cylindrical rod, both Cases 1 and 2 show the higher lift

coefficient and lower drag coefficient compared to those in the case without the cylindrical rod.
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Fig. 4 Aerodynamic characteristics
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Also in Cases 1 and 2, the lift force does not decrease at a = 26°, and the lift coefficient and
drag coefficient continue to gradually increase. It can be observed that the second stall occurs
at o = 34° in Case 2 and at « = 40° in Case 1, respectively.

As observed above, how the variation in horizontal position of the cylindrical rod effects on
aerodynamic characteristics of the blade was studied by maintaining the point b = 20 [mm] in
the vertical direction, and it was clarified that the variation remarkably improved the first and
second blade stall control, and the control was even better when placing the cylindrical rod to
a position closer to the blade tip.

(b) Flow patterns on “DU97-W-300”

Figure 5 illustrates the pressure distributions on the upper and lower surfaces of the blade,
as well as the flow behavior on the blade surface by the tuft method at the angles of attack o =
24° and 26° before and after the second stall in the case of “without cylindrical rod”.

The pressure on the upper surface at o = 24° before the second stall shows a high negative value at
the leading edge (abbreviated as L.E in the figures) and shifts in the positive direction almost linearly
in the section up to 30% of the chord length. Furthermore, the pressure is low and uniform in the
section from about 30% of the chord length to the trailing edge (abbreviated as T. E in the figures).

At a = 26° after the second stall, the flow is separated at the leading edge, causing the
formation and growth of vortices near the leading edge on the upper surface.

In addition, the tufts across the upper surface indicate a highly turbulent flow. In this
condition, the stall occurs over the entire blade, and the pressure coefficient Cp on the upper
surface is nearly uniform across the entire chord length.

Figure 6 (a) shows the behavior of flow behind the blade during stall control at the angle of
attack o = 26° in Case 1, visualized by the tuft grid method. For comparison, a photo depicting
the behavior of flow behind the blade where the stall occurred at the same angle of attack in
the case without cylindrical rod is also shown (Figure 6 (b)).
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Fig. 5 Pressure distribution and flow visualization
(Without cylindrical rod, a = 24° & 26°)
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The behavior of flow behind the blades in Case 1 of Figure 6 (a) exhibits small variation in
the upper and lower tufts (upper side: red tufts; lower side: white tufts); however, it is clear
that the turbulence across the tufts is smaller than that in the case without the cylindrical rod.

Thus, it is clarified that placing the cylindrical rod in front of the blade improved the flow

around the blade, and therefore, the turbulence in the flow behind the blade was decreased.

(a) Case 1 (-10, 20) (b) Without cylindrical rod
Fig. 6 Flow visualization (a = 26°)

A computational analysis was carried out for comparison with the experiment results above.
A widely used fluid analysis solver, “SCRYU” (by Software Cradle Co., Ltd.) ") was used.

The analysis model was set to a rectangular solid which was 600 [mm], 750 [mm] and 298
[mm] in the longitudinal, lateral and vertical directions, respectively. The model was made
with unstructured tetra meshes by dividing the model into approximately 800,000 meshes.

Figure 7 shows the analysis results for the behavior of flow around the blades at o = 26° in
Case 1 and in the case without the cylindrical rod.

The analysis result where a = 26° in Case 1 shown in Figure 7 (a) was compared to that in the
case without cylindrical rod (Figure 7 (b)), and it was found that the separated flow region at the
chord length beyond about 30% decreased, and therefore, the scale of vortices toward the rear of
the blade became smaller, and the variation of the tufts behind the blades decreased. These

analysis results support the flow visualization results by the tuft method shown in Figure 6.

RO B

ylindrical rod '

(a) Case 1 (-10, 20) (b) Without cylindrical rod
Fig. 7 Calculated flow pattern (a = 26°)
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Figure 8, as an example, shows a photo visualization the behavior of flow on the blade
surface at « = 26° in Case 1 by the surface tuft method.
The flow behavior on the upper surface during the second stall (a = 26°) in the case without
the cylindrical rod, which is shown in the upper right of Figure 5, indicates that the flow is
separated from the leading edge of the blades and the tufts generate vortices near the leading

edge varying significantly.

ylindrical rodf

\

Fig. 8 Flow visualization (Case 1, « = 26°, Upper surface)

On the other hand, the behavior of flow on the surface in Case 1 of Figure 8 exhibits
vortices are not generated on the blade surface and the tufts, without separating , are attached
along to the blade surface. Thus, it is shown that the behavior of flow on the upper surface has
been significantly improved. This supports a fact that at & = 26° in Case 1 the second stall was
controlled, suggesting the angle of attack region until the stall was expanded.

Accordingly, the cylindrical rod placement in front of the blade was presented as an
remarkably effective method for stall control of the blade.

4.2 Variation in vertical positions of the cylindrical rod (Cases 2, 3 and 4)

(a) Aerodynamic characteristics of the blade in Cases 2, 3, and 4

Figure 9 shows the variation in the lift coefficient C_ and drag coefficient Cp of the blade in
Cases 2, 3, and 4, together with the characteristics curves, by the solid and dashed lines, in the
case without the cylindrical rod.

In Case 3 where the cylindrical rod is placed above the upper surface of the blade, the values
of the characteristics curves in a region of the angles of attack « = 0° to 8° are similar to those in
the case without the cylindrical rod, and the first stall occurs at & = 10° in both cases.

This suggests that the cylindrical rod position of far above the blade has little effect for stall
control.

In Case 4 where the cylindrical rod is placed on the lower surface of the blade, however,
both the lift coefficient and drag coefficient decrease at the angles of attack « = 0° to 10°.

In the case without the cylindrical rod, the lift coefficient increases and the drag coefficient

decreases at the angle of attack a = 24°. In Cases 3 and 4, although the similar variations are not
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observed, the second stall similarly occurs at the angle of attack a = 26°.

As shown, it can be summarized that positioning the cylindrical rod above the blade in the
vertical direction has little effect on the aerodynamic characteristics of the blade positioned
behind the cylindrical rod.

In Case 4 where the cylindrical rod is placed below the lower surface of the blade, the
position where the rod is placed is the point b = -20 [mm], and this is almost the same point
where the thickness of the lower surface of the blade is at the maximum. Therefore, separation
of flow at the maximum thickness point on the lower surface of the blade is controlled in a
region of low angles of attack, and the drag coefficient is smaller. Also, the first stall occurred
in the case without the cylindrical rod disappears.

The results clarifies that the optimal cylindrical rod positions for improving the
aerodynamic characteristics of the blade exist also in the vertical direction.
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Fig. 9 Aerodynamic characteristics
(Variation in the vertical direction [Case 2, Case 3, Case 4])

(b) Flow velocity distribution behind the blade

Figure 10 shows the measurements of flow velocity distribution at the position 24 [mm]
behind the blades at the angles of attack after the first stall in Cases 2, 3, and 4 by displacing a
hot-wire probe (standard linear probe, model 0251R-T5; manufactured by KANOMAX Japan,
Inc.) vertically in a range of +/-60 [mm].

The figure also shows the flow velocity distribution in the case without the cylindrical rod.

At the angle of attack a = 8° before the first stall, a wake region having the velocity defect
on the lower surface of the blade is present in Cases 2, and 3, and the case without the
cylindrical rod, and it exists below the lower surface of the blade in Case 2. The wake region,
where the cylindrical rod is placed above in the vertical direction in Case 3, is moved farther
to the upper surface of the blade compared to that in the case without the cylindrical rod.
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In Case 4 where the first stall did not occur, the behavior of flow on the lower surface of the
blade has been improved as described above, and therefore, the velocity defect on the lower
surface of the blade is significantly reduced compared with that in the other cases. Contrary, a
region of large velocity defect is present on the upper surface of the blade.

At a = 10° after the first stall, a region of velocity defect in the wake is moved to the upper
surface of the blade in the case without the cylindrical rod and in Case 3, having the almost the
same distributions of velocity defect. In Case 4, the scale of a region of velocity defect on the
upper surface of the blade is increased.

In Case 2, a region of velocity defect is also present on the upper surface of the blade; however,
the wake region, which has a larger velocity defect remains on the lower surface of the blade and

the scale is slightly reduced. Thus, the decrease in the lift coefficient becomes small overall.
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Fig. 10 Wake distribution

As observed, the effect of the cylindrical rod placement can be determined through the flow
velocity distribution behind the blade.

Thus, it is clarified that the optimal position for placing the cylindrical rod is that in
Cases 1 and 2, the position in which is equivalent to the blade tip position 20 [mm] v
ertically above the origin point (blade tip position at the angle of attack o = 0°) at the
second stall (the angle of attack o = 26°) in the case without the cylindrical rod.

4.3 Aerodynamic characteristics and flow conditions around the blade observed with the

installation of the cylindrical rod
Figure 11 schematically illustrates three different patterns of cylindrical rod arrangement as
described below, assuming that the cylindrical rod is placed in front of the blade based on the

arrangement described in Case 1 above. It also includes a perspective view of the arrangement

in Case 1 for reference.
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Support

P Cylinder

&

Fig. 11 Perspective view around the blade observed with the installation arrangement of

TR L__: Combine Tool

S a2

the cylindrical rod

“Fixed Combine” is based on the arrangement in Case 1 with the cylindrical rod placed at
the vertical point b = 20 [mm] (equivalent to the vertical position of the blade tip at the angle
of attack o = 26° in relation to o = 0°) and at the forward horizontal point a = -10 [mm]. A jig
is attached to the blade as illustrated so that the angle of attack of the blade can be changed,
while the cylindrical rod remains fixed in the above position.

“Combine” is a modification of “Fixed Combine”. The center of rotation of the blade for
changing the angle of attack is fixed. The cylindrical rod moves with changes in the angle of
attack to ensure that its position relative to the blade remains unchanged. Thus, the rod moves
toward the lower side of the blade as the angle of attack of the blade decreases.

“Support” deals with a more practical cylindrical rod arrangement. Compared to “Combine”,
it additionally has two small support columns connecting the cylindrical rod and the blade.

For the four patterns of cylindrical rod arrangement illustrated in Fig. 11, Fig. 12 shows the
changes in lift and drag forces with the angle of attack. The figure also presents the results
obtained for the case without the cylindrical rod by using solid and dashed lines.

Compared to Case 1, “Fixed Combine” exhibits no decrease in the lift force until the angle
of attack becomes large. It maintains a higher lift force than Case 1 until just before the stall
occurs. The drag force for “Fixed Combine” is higher than in the other cases at an angle of
attack of less than 24°; it is lower than in the other cases at 24° or more.
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Angle of Attack « [deg]

Fig. 12 Aerodynamic characteristics for the patterns of cylindrical rod arrangement
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For “Combine” and “Support”, the cylindrical rod is positioned on the lower side of the
blade at small angles of attack, and their characteristics curves are similar to that of Case 4
described above. For “Support” with two additional support columns connecting the cylindrical
rod and the blade compared to “Combine”, the stall occurs at an angle of attack of 32°, which
is smaller than 36° for “Combine”.

Figure 13 shows an example of pressure distributions on the upper and lower surfaces of the
blade, flow velocity distributions on the upper side of the blade, and wake distributions at the
angle of attack a = 24° (before the second stall of the blade “without cylindrical rod”) and o =
26° (after the second stall of the same blade).

Figure 13 (a) shows that, since the stall does not occur at a = 24° regardless of the blade
conditions, all arrangements exhibit similar flow velocity and wake distributions, although the
pressure distributions vary slightly among them. At 40% of the chord length from the blade tip,
the flow velocity near the upper surface of the blade is smaller, indicating a slight flow
separation. However, the wake distributions are almost identical, and the region of velocity
defect is smaller than at a = 26°.

As is evident from the flow velocity distributions on the upper side of the blade shown in
Fig. 13 (b), the blade “without cylindrical rod” causes a flow separation from the leading edge
and stalls at « = 26°. For “Fixed Combine”, “Combine”, and “Support”, no decrease in the
pressure on the upper surface of the blade is observed, and the flow conditions on the upper

surface of the blade and the wake distributions are almost identical among them.
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Fig. 13 Pressure distributions and velocity on the upper side of the blade

and wake distributions
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5. Conclusions

Among the airfoils used for wind turbines, a thick blade having an airfoil shape likely
affected the aerodynamic characteristics was studied, by examining the behavior of flow
around the blade by placing a cylindrical rod in front of the blade in experiments and analyzed
with a flow analysis method, and the effect of the cylindrical rod on the stall phenomenon
control and the optimal position for placing the cylindrical rod were evaluated.

This study has yielded the following findings.

(1) Placing a cylindrical rod in front of the blade affects the aerodynamic characteristics of the
airfoil positioned behind the rod, and the placement significantly extends the operable range
to a higher angle of attack that causes the second stall.

(2) The optimal position for placing the cylindrical rod is that in Cases 1 and 2, the position
which is equivalent to the blade tip position 20 [mm] vertically above the origin point (blade
tip position at the angle of attack o = 0°) at the second stall (the angle of attack a = 26°) in
the case without the cylindrical rod.

(3) The cylindrical rod position in the vertical direction has less effect on the stall control as it

is farther above or below from the blade center line.

(4) Assuming that the cylindrical rod was placed in front of the blade, three different patterns
of cylindrical rod arrangement denoted as “Fixed Combine”, “Combine”, and “Support” were
proposed. Their effectiveness in stall control was demonstrated by clarifying their
aerodynamic characteristics and flow conditions.

Nomenclature

A Blade surface area = 3.58 x 10% [m?] D  Drag force [N]
. 1 5 L Lift force [N]
Cp Drag coefficient= D/(pr A)
2 Ps  Static pressure [Pa]
U, Flow velocity [m/s]
a Angle of attack [°]

p  Air density [kg/m?]

Cc, Lift coefficient =L (;prZA)

Cp Pressure coefficient =PS/(;,0U®2)
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Survey and Classification of Constitutive Models Used for Stress Analysis of Solder
Takeharu HAYAHI, Yoshinori EBIHARA

When we estimate the fatigue life of lead-free solder joints, we have to conduct FE analysis using
a constitutive model which can exhibit mechanical properties of lead-free solder. In FE analysis of
solder joints under cyclic temperature load, a constitutive model has to express stress strain curves,
stress strain hysteresis loops and stress relaxation curves accurately, containing these temperature
dependencies and these rate dependencies. In this study, from such a viewpoint, we investigated
the constitutive models used for the stress analysis of solder in the past and classified and arranged
them systematically.

Keywords : Constitutive Equation, Finite Element Method, Solder

1. #8

IR, g/ VL, R RICES T
PR T AT FEEBAR OB ED DTNV, F
7o, HERERSEREOELSND, $h ) —IA %
FEF L7z A 7238 LD, b0 E
FEBEFA TR CIE, IR ON - OFF 72 £z
XD IR T C, SRR ORIERLR
BOENIES BN DI A~ v FIT LY, 1KY
A 7 NOJEAR 72BN T AT A ERIC A T,
SEITIAENAE U B, 1o CEms B AT S
DOBHFETIE, 1 ZATHEE OB T F 3 Ml B
A E ThH 5.

—fZ, WREY A 7 VAR AT DITATTEERS
OGS F R IR O T B AT T,
T, RO R BI X 0 XA O
AR 5 & &b, FmeHiEtT o 1ZAE
PEEIBIooNT, ATRESRIEIC L AEMT 21T
>C, FMAHECTHWD T A =2 ERKDD. &k
(22 D/NT A—H LRI DR Fm A
KD D, NTATET E S TEEDS T0CREDIRE
BRELY, TORUSOKESDZ, ATV L AHHD
1000°CHEEE DI FEERBEI ZVTHTT 2 fik LV EFEERBE
THY, MR AT 5720, 1A
PBATROBE HFMHMECIE, 0N REE
IEME BT DA8RE T L2 O CHIREEEART
BITHZENEETHA.

BB A 7 VAR ST DITAT AT OF
FREESEMNTC, (AT ORERE TV REBT &

JVEFRIREE, IR RS, mIROREE, RER TR
FOMRIB R OZNENDEE AN AT 5 1%
HEECH D, 22T, BE ERBIOEERT
RH AT 2 AR E & iR L OMRIRRRAIALC
P D IPFRNT TER D &, BE ERB
FOVRIERE FRECA T D 1R E S LTI, S
TOFTHHHREIETTOTHE AT U 22—
BHY, IR I TET D SR L L
TUISTHERERDR S 5. 1ZATE T NSDS
FHIRAE O Bl B AN TS JONREE (AN
BEE T, HERET UL, SO & O
FTHE ATV AN —T OOT Il EERAFER X
ONRERAE 2 IS RBIT D BN B 5. F 17,
SRR OIR BRI D AET D72, 2
HIEMECEEL LT U 570,

ZD LD 7eBLEDG, AW TIE, BUEETIX
NIZDIETFATIZ AN BT E AT T /U D
WCRRAS L, 4% - BAAT ).

2. BRETILOSE

Z 2T, RO, 1Th, v aRy b
BLOBER T A # % VT 1 RochTE TRt
TINVEPET S,

2.1 55 )—JHERETIV

e 7 V) —7 %@, M1IORLEIER, ¥y
VaRy MBS ETNVTEILRT I ENTE
5 (1)'

R R

GO



58

Hysary b

HR TSRS M AR et & (5844 (1) %)

TTo

ee

T ¢ gry—s09a
¢ (FBWIHOTH
1 38 - 1) —FEBOBEE

Z 2T, RIS, Ay oy b
W37 V=T OTHNZENENEL S, 7B, &
vy M, e & FEEE O A E O RER
TS D180, JIEEHIRHED O Bl BRI
PR TXD. BIRITROZE SIS TARSH

oI5 L O & (1) D L D ITBR T 5.

o=Egt 1)

72120, ESRITROMMAREChH S, £,
By alNy FOZFFOISNIARINT) 0 IZE L
7 V=709 LQ2) DL ITRRT 5.

oc=uc’ @)
72720, plIksMfREch 5. ZNEERLT,
KO DIHT V=T OPTHHEEHETD.

ef="0o (3)

FEFMEOT T ", O P 1T, FHENR@), =
(5) THET.

gin =gc (4)

e=&*+¢&" (5)

V2T IOVTILHBIRERNT 7 0 7T KT

7 hCHIAEI TV DI EHIHFI TR 5.

L AT Y —THRBRERIIX 2 1R T L1,
51, BIHB IO s, 7 —
EL TR 3 B [r i R SINSYE 15V syt . S7 )
—7HEHAND. 22T, ZORBREROMEE
DHELNDOTIEEN Y V) —T O Bl
HHLEZ, PKZD7)—FOPTHHEE LA
s DER Z2(6) D Norton HI THH4 5.

£ = A" ®)
72771, AnlZEhEinrs )V —7E8, 7 V)—7
FEECHY, ZHOITHEEIURTT 5. FEOfif
HrciEai3) T 6) #HWAZ ENEU.

[

VIR [mm/mm)

»

R [sec]

o e 1o

FIH HFIH FIH

2 ) —TiEE R O

zZ<, A, M@, XE)BLUHG) 1L
H—EOTHEEOS G REE 2 5. £, 7
U — T O HIREE & ST TOT A BIFR OIS I AELD
BRICOWTRAS. Al =X (D), 2 (@)
BLOK 6) LvEnpvn, () TR,

dG:E(dg—dgc) @

de de
X (D&Y, IEHARIFE@) D XL HickEShs.
(5-4:)
¢ &

K@) B D LT, 7V —FOFT BV
SWNZEISTTARNKREL 72D, FrZ7 U —T1
T HBENFEORIL I ABUIE LH LSR5, &
72, 7 V=T OFHBENRRE VN ENE I AEA
INEL 72D, FHZ Y ) =T OF IR O Al
FE & —E DIROISITARNIFIC D, - T

ABROMEI TIPS I ER-C, K 6) 1k oY
— 7O AL EF/ L, BN 1 AEHZE
(272 0SSR U7 s Bl D, 2 Ol &
—TEISS), —TEOT HHE CARDE TS I



B, B LA ZZOISTIRIT IR E 7V O Fi A & 558

BT, 7 V=T BROB I & SHhTHr? O
MNH, ZOMEECIIOTHRRELS U —T O H
W L EETHLARYE, ZOZ LT B8 &b
TJE L7V F-EREOEN T, Ol &b
T (6) CHEERCTE D A n IHEERK
TEEHT D ZE0b, K 6) 1 TSIERIEDOO
F AR L ONREE KA A KRBT 5. —
J, K (6) [ZBWTY U — Mo 1T R
IRETCH D720, I IE X W ARSIV NS
VIRHE, 7 U — 7 O Bl OV Ao 2 b
THOVRV/NEL 720, [FEAENBETE D, S
W2 USE IIEATE 52 T-5A, IEIMCRIEIZ
ETHETIE, 7V —TFOHEOEEITLEALEH
AT, ISICRIE =T A ERTE TS AR E
DR B 5.

Z ZC Snb3Pb37 (FATRICERT D E, K3 IC
AT LG, IEITOT Z gl LML T 1A
(IR S 5 720, YT /L% VU,
WO B HARO O BB R A RS K ONR (K
A LS FBT S, 202 enb, BETFLE
VXATERER RO RN A5 A3 < o
NoDb. —, KAITRTEIIZPh 7 U —IFATE
DI TOT IR SRR AET 5. EH 2
U —7HNC X 54T L ClsEiER s £ T&
9 Pb 7V —IAZIIIRAE THD.

A

571 [MPa]

ERES GEEY Y —T8D
SRR (SR

0FF (mymi)
B 3 SnPb (ZA DAV T AihiE

ERES GEE Y-8

573 [MPa]

K756 S HVERERR
/ »
PR (GEEERI) U [mm/mm]

B4 Pb 71)—[FAFEDIEHNVT AHEHR

2.2 % - 2% - 0 —TRERIETIL

B VM - 7 U —TRERCE T LV OBEEE, X
5 R LIZIER, BERAT A X, X alky b
NHIRDHET IV CTEIRT I ENTES.

T

EER 544 do=Hds’
o> o " CEfE

Xawiat—ﬁbt\\\\

AL
KAz S AVERER
XIERFEIATE

ep

ec

|

Foamy b goye

[Fta o=E&

e (FBMHVTH

& ZHV—FOTH
e (FEOTH T
B 5 3-8 - o) —TEBHOHSE

T 2T ITAUTITRIEONT 7, B T A X1 Z1T
M OTH, X aly ML V=707 H
DENENVEL D, AT o HSEERORRISS)
PN UTERH BB T A ADNEINET 5. R
FTA DS 9 DN ® TH DT80, FER
S T) P I IBMEZETA AT S o DA & —E L
RN BET D, BT ROZ RO TARS
77 0 1IZF L HEOT A & &) 0 L 5 1ZBH%
T5.

ee

o=Egt )

YT VORREAFI TR T A Z OEWESRE L
—EL, A(10) TEREIND.

oc—-oc”=0 (10)

BERTEDEEERA T A X DOZUTFFOISNE, Al
110125 L BEOTH & &A1) D X 5 IZRER
T5.

do = Hdg? (11)

59



60

HR TSRS M AR et & (5844 (1) %)

7L, HITEMARSCH D, HIXHHOS 35
SRS IR OISO Z il &, ZEHGTEl L
RKDDONFHITH D728, OT HEERRATIE
% LK RBLITE WIS O B RO 1 —7 %
IR KB CE D, £, Xyvady b
DZFFOIINFHGI ) 0 I LL 7 U —TOF
I L2 DX O ITEHET .

o=us’ (12)
INEEELT KA)DEHIZT V=TT A
W AR S,

éz—c (13)

FEPEOT T & O o 1320 (14), (15) TF
7.

M =gP 4+ ¢° (14)

e=&"+¢&" (15)

METUL, INWHATRESRT 7 0 77 AT
T4 N THLUAZI TN DT80, LIRS fE
HANTE5%.

SR D@ Y, Pb 7 V) —1 3 A7 Tl a4
T, SEE IR L 7 U —F ) FEIRC
FHETD. ZOZEDD, BETIMPIIALDI
AT FANDHRTE G © @09 L= 7
0, 2L OLEF LWL, 7Y —TREE L
TEF 7 V—THIZ N7, FEPERERD 5
LIS HEITFEIL CX 578, BEER i3
U —T DEOFENT & A EBNI2. ZORER,
SRR OO FERMAE M 0D KRS DSBS
ENb. W-T, HETATHE, 7V —T0EE
MUT L A EIRNEGOT FREOSS IO i %
KLSFHITEDD, OFTHBEMEL 720 7 U —
T OB ICE WG, AR L FE
BC&T, FEIRIFOIS I OT Btz b E v &
SEHITERV. ZHUTHL, xR KREH®
OV, WEERD 7 U —FOTIREEIVNE L 7
NFTEDLZELEBIEL, WEHEKD 7 )V —T %%
BHTE5E9107 ) —FOPTHlERAELEL,
IR OB 2 < F/ed™ 2 EVTE DK
ETVEBPE LT

2.3 5 - JLEBMRVERET L

7 ) — 7 RERRAINZ I THRME O 2l s A
HET DB 228 L LT3, REYBAERk
HNZ BN TZE O ZBIET D BCIE, S
NERZEEAHLAT e = AT 0, TEHE )R
ERBEITDOIHEDN RIS R, =
DEBLUIIST) D, TS L5ed) %
BEET D, (ZATEOIIT AN BND, R
FP7eH - KEVBMARERCE T WY, FEEOT A
I 2 HUE T 2 B & B LT 5 (LI,
NSRRI CILS< ) Lt RBrEERE T
N E 7 ZDOFTIUL, M6 1TRTIER,
EEZ G A X, By aly MInbRHETFILT
LRTZENTED @, 2k, YBETUL, K
7T L 9 I DDA CIE R %
FET D b, wi—AUREEMERERHI & HIFEE
n5.

Fyamy b

%ﬂ
G\
evp

<)

]

g
ee

&P (IHEHEUTH \
e ([TFEMEVDTH TTTTTI

B 6 3 - SBHEROHEE

WA (BRI

I&71[MPa]

O /]
BEEARS (RN

7 38 - $BETIVEERETIVAZE DA
SR



B, B LA ZZOISTIRIT IR E 7V O Fi A & 558

T, IRRITITEEOT R, BEEAT A XK
FOF v ady MIUHBEOT AR ENEN
U %, BEIEAT A X IZHRFD 9 DR KIEIIE 6
THY, BEERATA ZIIATIET] o DDA
W) o° BB Z 7RO FR Y AERET, REBMEOT A £
HLA LR 0 2 P BB R TR T, BERAT A
HISEWEL, RO OIS Ao REDS B X
2Ry MOVZEFO. G-, B WM. 7 U —F
BRERCET LTI, BIRIST) o 3BT
AT o DIEIC—E LS B2 T 2528, s
JTHERITEE S RBMERERCET U, RIS T o
W ZAMIGS) 0 DIE—B L7 52T % i Tl
720N, BIRIZROIENFARIST] 0 (25 U< Bk
O & & 2(16) D L ) IZEHR T 5.

o=Egt (16)
METILORBIRAHIEEEA T A X B IO v
2Ry FOBWES: & —E L, X(17) TRINS.

oc—-oc”=0 an

KT ORI, Z v =iy NOZEF IR %E
WET) do 2y, K(18) TEREND.

Ac=0c—-coc°" (18)

Koy aiiy NOZFFOIT] Ao 1L, REBEHEOT
FEX(19) DL D BRI 5.

Ao =ne"™ (19)

SHEZBLT, Q0 DL (KD 2k
B FTE D,

P (20)

n

7272 U o VRSYBYERTE S5 A — 2 P Th B, R
(20) 1L TR R > 7o T D, Zive i
EL, RBMEOT AR QD) TR Z LT
x5.

el = n. 21

72121, ®ABHUS S Td . O T &M,
O T H e 30 ©22) , (23) THT.

g =g" (22)

e=&"+¢&" (23)

WETIUE, RN —P—BE AL FE
V7 Ny Tl T L —F b UTGHEA
AT 2728, FERHIOFAZELSNOD 21— —
& o THEREEN S <, — MR SHEMERHm
Wh LTND BTSN ER,

WS EER T, BB A T A X OFEDs, #
YailRy hOOTHHEICEET S, Jakoi@y
FEERA T A IS TOT oD J1— 7 % LUy
KENTFHL, ¥ v 2Ry MIOTHIEERT
PEARBICE 5720, WK 1#0 %8 % 3%
B2 DIERTH 5. WG PRI RS, -
FAMARERR T T U7 ) — 7 R DR 8 %
HOATIECEREND. ZDizw), Wk 7 ) —7
DRIRA AR S DS ORIk T2 R T 2 &
NTE, BEEREER X OO Ao 09
IR AT 5. ZOZ LBITATH
HYBVEARERCET NV OBIRIZ BT 2878 D%
ATHN TS, UL, EHTE HEREEEN
FRERZMEN D, £, Mix IS kEh%E &
BL X5 &92 EAERHIDMEREZ 72 0 E 748 <
T A—H OPRENREE /2D, BlzIE, —HON
FEBRESRET v 7T NMIHAEN TS Anand
7L O IIFREIRIER Z ONRERIF OSSO
KRNI LS FE DD, ZOFTADITATE~
OB~ @ OH B, M 8ITRT LIS,
IESTOTHRE 2T Y S AN—T % L EHTX
V. BITED L 2 A, IESTOT BRSO R
E AT U AT, ST HERIMHRO TR TER
B9 5 7o DIV S AV AERREIN T 720 .

I&73[MPa]

»
»

UG & [mm/mm]

K8 Anand ETILUZKBBHVOTHERTY S
AWN—7

61



62

HRU T3 i S5 W P AR JE o

2.4 58 - %Eﬁ 9 —TRERETI
WS IBER A B & TAUE, T R . 2 U —
7@%%%7w®&ﬁi,l9_rbtim,ﬁ
BRATGAH, Xy aly M, Xyaiy BB
INHIRBETNTELRTIENTE S,

BERS A5

P PN
Hyamy FA X oPIFRRERIAEL
ne” ‘[:r E]t?ﬂé

&
X
D,?

Hyamy h B ‘*~\‘|[::]| 2,
o=pet

KEHEAERE TRE TR
STEDEFITREREY
BDOHMELY

ee

/
F<el

o=Eé¢*

T oo ppemmiegay
¢ [F0U—TOFH

& (FEHEVTH
B9 38 - $hEBHE - H ) —TEBOBEE

T, IXRITITHEEOT A, BT A XX
Oy aly AIEBEOT R, ¥Fyia
Ry B BIZIEZ V—TOFTHRENETNELD.

JEERA T A XV FFD D DERAIGIIE o THY,
JEBR A T A A 1B o HBSEEORRIG ] o° %
HEZ 7RVBR Y AERET, KO 7 e A U7
VN o P EBRTIIRRT, BEAT A X DEE
L, &Y DIST) do ZRMEDEH 55 2 2Ky R

INRFO. [ERIET) o IZREBIEZTA T VEIE L,

ZOZFENT HRIBHEAUERRE T L LR TH .
B ERDZ TR OIS NI o 122 L < i
PEOTIr & & R(24) D L 9 IR T 5.

o=Egt (24)

(5544 (1) 5)

YT VORI IEBEBEA T A B LI OY v
=2y FOEWESREL —E L, 2 (25) TREND.

c—-oc”=0 (25)

Ki(26) DRI, vy | R OMI
11 Ao 13R(26) TRENS.

Aoc=c—-cP (26)

T do & REBIEOT 2 6 OBIFRN G, KB

OP AR £ 13221 D L 5 TR &SNS,

RIS 27)
n
R, oy aRy hBODIio &7 V=71
THEDBHRD G, 7 U —7OF B3 (28)
DEHFRSNS.

f=ls (29)
y7i
FFPEOT T " OF e 1330(29) , R(30) T
ER
M =g g (29)
c=ct+e" (30)

WMETIUL, T - RIS RCE T L RIERIS,
a—H—HEPH FE V7 byl a——
YT N—F & UTHUAIMER T 57=, HEkHl
DOHEFAFLSND2——Z & > THERABEERE <,
— AN O K LT SIS WOER.

WEFLTIE, K10 ORT XD, HifE
e THRETE D7 V=T %#%im\ﬁ%
SBEL, 7R O A RBYEO TR CREL L AN
MEZIRDDERET S, DI, - sk
FET VLY 2L DT F IR R RIS
HZEMARETHD. DT b, BEOMTE
FH OO OFEIC L DT T VAR L,
%< OIFHIREEFBLL T D, BHZ, K- 18
HIRD N, IEHOT RS L OISO A e
ATV VA N—T DOT B R RS J OV
e e MWL 5201111 AR IR G o2l e B
Hig & LTt er a1k L=



B, B LA ZZOISTIRIT IR E 7V O Fi A & 558

&3 [MPa]

EEEE (EFEY -

AR (REEBIER)

B
»

SRR (AN O [mm/mm]

10 7§ - $EEEME - H ) —TRIEBRETILHRE
DIENIHYE
3. BRRUEOEBDE LS5
SIMETED BRI DL, FRGAE & O D
DX TS N2 TET UL L= b O &R R
1] & RS, FROREb T OO 25BN ISR L > TR 7R
%. BRSO 273 A TRE R L, B
RGN b S D, 7 ) —7%
ECRIL T, ISV NESWVRHZIE Y U —T O
IMNFHAACTE DIFE/ NS TSI 25
Lz & ERMTRE 727 U —TOTHDAE U HIH
B35S HDO0, IHHVECIUTESMZ 7 ) —
TOTHNEL, 7V —T BRI 0.
7o, BRSEMHHIS D2 BT D IEHPEO
G DB DOFVEIEEAZBES 50T, =
DFIZONT H HOETRER T 5.
3.1 FIEARERS
F9, 3 WD PIRAEZ il RABI A Y
SV 0 BB ZD. ZOWINIFLIES] & I
o, K@) TEREND.

Ooy = ,/% S 1 S; (3D

2L, sjHRAGT VYN TS,

L, —ELRRIEL CQOVRWIRIER E 2. 5.
Zog, Gl OFMISS IS EEIORIRER
ST T VDI LTI RR R D L & 2, WIIRRIRS:
T (B2) D X S ek T

=,l%sij 's; —r,=0 (32)

VA ST e 1% PN = L N = Wiy e N 1T
WIHARORIRE &, ERZES 22RO TER
(32) CRINHWHIERIE I TR & Hl &35
PR 1y DERTH D, TR CIIE I AU SRR
HIEPNICAAET D78, SRS RE CLap R
BELTWA.

3.2 fhetRgt

AT CIE,  HEhOBERRIS N IR AR Ol

KNioHhé—8+5. ZoZ Lnd, FBYSH]
BT ORRIGCS) & UK T D B2, B
IREMAIIB3), (B4 TREIND.
F =,/%sij 'Sy (33)
f=F—(r,+r)=0 (34)

=170, r I3RS oInEEFRT. FRES
JIZERRNZBNTHB3), H(B4) TERINDHHPER
HRE R & FL & T B 48 (rgtr) DERTH D,
M 11 DL DT D. DF Y, MHEREZT 5854
1%, JFUSONLEIIED S0, BRph o448
Dr 2 REL D, ZOL D eBiRiE %8
THR INDEE LRI Z 55 LRI & RS

A
S1

140)

S2 S3
s [JRERH [WPa] DERA THAFIIARERT
En %HE ERIBtEE

ZO X IR T, MATRIZ X 0 Ik
ﬁﬁ@%”%?é#,ﬁﬁﬁi%%ﬁ%ﬁbw%
Rt Elzd 0 O, ST A T9 D BRICRRR

BREASRIT AT T K O IR SBAT T 5. —
75, WGITERRR Y, HRBMEZSTA R
[FRRIZ PRI AV L T2 DD, IET1A] iV{k
B OIMIAFAE LS, NSRS R ONE &
ST L7l K T 5.
ST ZE RN F1T D AL FERME ONT 2t o3
MU, BERBHEC f 2B mE Iy TR
HZ LI BB, ZNETISY ML ERES,
ZDORY MVERTIRALT b ngld, 7(35) T
wHIN.
n; = % s (35)
ZZT, SRR A B 2 T, SRR LR
THRIC I DOMEHEN K E < 72 D728, N

63



64

HR TSRS M AR et & (5844 (1) %)

U H—ENREFRBITE/2N. Anand BT LA
EEfERERAE 1< 2 L— M TERVDIE, Y4
T NADNESLRIOEAZ T T 5720 TH
5. FZT, K217 91T, BHERICEN
CERIZED B2 OALEDE LT DR

Himasx, XEe), @7 TEI.
Gz\/%(sij —O!Iij):(sij —(Z‘ij) (36)
f=G-r,=0 (37)

2L, o \MRAELIST Y VT D, 185,
i o NEEIE A & & LTI ) DB A o7
TUYNTHD. ZO KD R OSEE TR
LRI RSB LRI & M5

S1

(arazas)

Xo' [HREEEAMPa]DERS THRAFIETAREERT.
X 12 iR cRgt=E

EH 7 V=N K D0 - W - 7 ) — 7
R T VO Epg, WFLooRE LRI S ATRE
Thb. —J, ITHFEOIRATZARERRRIOBIFE O
%(2) ,(3), 19)-©3) , (25)-@7), (32)’(35)'(\\63:’ %@jﬁﬁ,ﬂ:ﬁ”% l_/
XSGR & Bl LRI 2B S R T3S
T ERISHN STV D, ZIBED ) BIFEALE
1%, Bl LRI SR IS I 0FEAE LT
Armstrong—Fredrick HII®" ZEHAEH, & L<IX
FZELTHEHAL TS, ZoREXOUREFIE L
T, KEF 555 Armstrong—Fredrick BT F = k
LRV R U I HEFIOER 2K TR 25 2D
RREZ IR L, Ohno-Wang HI|® @ Z2BR% LiZAT.
ZHEA L7z O @ 2 LA 5.

F£7o, B LRI L O S LRI w25
JBEEOTAT v g XS LRI DS S
EIRERIT, FRREEEL f 2 ks Ol 7%
ZLicEiEoh, K@) TRESND.

N =%(Sij —a'ij) (38)

4 BEFRDIXTIE

2 BETI, f{EOD, | WoohiE<T M. 7
U —T7TIERRET V), 5« B - 7 U — 7T
FET IV, (B REBMARER T L) BB L O -
RIEVE « 7 U —TTIERCE T V) O A BRI
L7, Iy, MRS, 7V —7EERBI)
RHEMEERD DD, AETIE, 3 BT
T I NERNT, 2 BEORBTRE LTV
THBEEED 3WITALEITD.
4.1 BYER

FAPEZEFEIRE OFE 205 JIAE 24 O A BE£R 1330
(11) & 3 WotlcfisE L, B9 v L Hicksns.

do,, =Hds? (39)

72771, deP 1 3HSIMEONT A5y T (40) D &
HNZEEND.

dg_p=1§d8pij:d8pij (40)

PR ONT A ORI (41) TR
dePj = dg_"nij (41)
K39, XM kv, K@)»EHINS.

d
dePij = :eq n. (42)

1

72170, T e LT3 B OR(38)
DD BTN EAEHT 28 EHNZIS U TR L
T IUTIR B0,
4.25)—TE%

7 ) — 7 I FEREOFE G I 2 O A BERI
K(12) 2 3wotichE L, :NM43) ok HickEn
2.

fog)=pe® (43)
43 BB LT, A2 U —F O s o°
B (40) TR

=210, (44)
)7

B, FEERC O UV —TOTHREE A FRTRITNL,
. (45) D Norton BN L < WS LD.



B, B LA ZZOISTIRIT IR E 7V O Fi A & 558

& =Ao,, (45)

ZIT, MEERERRC Y U — AR AL
EPREST D, Wbt U —T R E D
KOTKFELTEDINELET D, 7V —TERITES
I U T O Iz BbE T 2 7= 8% DRRLEIG
NIFTHDH. £, HAMENITE BIAEE
ThoHb, FEREmELE L. ZhbDZ
b, 7 U —7HRIERBEIT =F-0 ThH L&
25, S LRIOGA L FRRC, FBHMRBEEf &
BRI TRy T2 Z 212k, 7V —7m
T > UFa(35) TH X b, FERANCES

LR BEE SN DT Vv e —Bd 5.

OB E DM (35) & (45) Z VT
2.(46) THET

&%ij = ; n; = g AO‘eq(n_l)Sij (46)
4.3 FEBHER

EPUL, IS FRRIC LS < R
0969 2 S\ TR . KIS O

MISIHEEOT HBRITE(19) & 3 oTITHEiR L,

K@) DX HIFEShD.

f (AO'qup )= n ng (47)

1272 U, Aog® (XWERIRTET > B8 E CORET
b5, AT ELHL, HSRIBIEOT A%
3 (18) TH

il (Acy,™)

e (48)
n
HHBMEONT B DRI (49) TR
. vp
ey = M n (49)

ij
n

=770, T e LTE(35) B8 L U(38)
D9 BTN T D CAIIG U CEIR L
RFIUER SR, F7e, 49) IHEE RIS
R/ ThsD. Ziva—Bib L, FEHOT A
B DA HGIE(B0) THETZ L TE 5.

° f con
£y = How ) n, (50)

n
FL, o™ IS Tl .

5. F&o

(D) BHEE TIXATEDIEIATIZ NG LT E T2
e T NV [ 7 ) — TR TV, [ -
PR - 7 V) — T RRERET L), THE - KRBT
FET V] LN T« KR - 7 U — 7Rk
TV ATHSRENT 0 SE - LT

()57 ) — T RUERRET LV ChiEAN & 5% 72
ey, ISR CEE S 2 [ERT E it /1At
PRBOEE RER N DD, E-C, (AT
FUE Sn63Pb37 1T ATEDIS IO i A & <
FELL, JSIITICZ S HWBITE T

@) &F7V—THNC L Hm - vtk . 7 Y —7H
LT M, 7 ) —TORENEE L ETRNE

OFZHEDIEHTOT AT L S ZITE D7,

RO ZEE OIS TONT AR oo sEk 2 X <
FELTXT, RHKAFOI IO Zeihifi s L <3
Bl CE20.

(4) B« REYBPERRERR T T W, Yk 7 ) —Tn
R CAFE S DI B ORIk A2 R 2 &8
T TEDID, BEERIFIER X OV 0T Al
DOT HAHEERAFIEA RIS 5. UL, BT
E DB RER 72D B 5.

(5) Bt « RESEME « 77 V) — TR T I, T - kG
IMRRERRET L X 0 © < OIIFHIRHEE RS
(SR 5 2 ENHRETH 5.

(6) ¥EMEBISRI T OV TIIRMREAEDMFAE L, BBk

FFRITHOWT SRR ORMRE D E I S 5.

—J5, 7 U—TERIZONTIE, LRI
EFHBREET 5.

(7) 9~ 2 LA & - CRAR T 0O 288 h 18
72%. ETVEMEEGTIE, YBMEESTRACEE VST
135 E e T LWORRKEm EiCdH 0, BERBEIAAS:
P2 L D WCNEERDSATT 5. — 5,
TR CIE, KRBT T T 1 s SRR
DOINZHAEL, PRFEBIIIST 1R OAE & 130T
L-RERIC L VBT 5.

(8) VMEREFR IS K OSKYBMERESRIZ D Wi,
HRLANIIG Uit T o V2 L2
B, 5, 7V —THEEIZOWTL, Wb
D% 7 ) —TBRIBSHIAFE L7, S5 L
HIN b8 X S a7 v Va5,

65



66

(1

(2)

(3)

(4)

(5)

(6)

(M

(8)

(9)

(10)

(11

HR TSRS M AR et & (5844 (1) %)

b4 [
) T, EARDIERIE /177(2000), 25855,

pp.6-79.

Kofd—, xRz, Wk 7 V—7%
HIELZ X% Pb/Sn XA TR « ¥l « 7 1) —
Vial—val” |, AR U
(A ), Vol. 68, No. 673(2002-9), pp. 1328-1335.
KIOE—, Vex Kz, Be s, HEE
oL, VM - 7 U —T BREOSH T U —IFA
TE~OEA” ,  AAR SRR SUE (A )
\Vol. 69, No. 682(2003-6) , pp. 980-987.
MR, EEIEZ D, “IRAT T O
(ARG 57l & T T, HA Y em
£ (A ##), Vol. 65, No. 636(1998-8) , pp.
1690-1695.

MRS, LSS, EEEEdh, SRS IC
Py = BRI OM U — T &
JEITFE 14 [0 B AR AEHE T
TR SCEE(1991.11) , pp.223-224.
IWEREZ, /NI—2%, “BmIATES
OB ST FEa T, B HR TR R&D

LBz, Vol. 31, No.4(199%6-12) , pp. 43-52.
MEEEZ, AR, AREE BNIA

TEHEBIRDIRY A 7 VRSB JIET
RFFEERD o 528”7 14" Symposium on
Microjoining and Assembly Technology in
Electronics(2008-2), pp.129-134.
TTHRD, WFIRER, FAlRE, BRARA=,
BRI )3 FOBREEA L ATl
NTZSERER b2 B8 L 7= BGA FEEH D SN
SEAT”, 14" Symposium on Microjoining and
Assembly Technology in Electronics(2008-2) ,
pp.241-246.
ERRE, TR, ASIER, RIS
NIZHESEOWERN: - 7 ) — 7 GRS

PRI 209, B AR - amm U (A
W), Vol.62, No.594(1996-2) , pp.527-532.

Lo BEVE, BEOME L RIE, fho4 4
“Sn=3. 0Ag—0. 5Cu (XA TZHER T ORANME -
U—TP, AR A B 44
AT B R SCEE (2007-3) , pp.161-162
WE0 e, LA B, “HTIREESRIRIC X H8h
7V —IATEDFFIRT, AAME R

(12)

(13)

(14)

(15)

(16)

1mn

(18)

(19)

(20)

56 M fiTa i 23w SC4E  (2007-05)
pp.123-124

T8, “$h7 U —IXATE OB ERENE", =
L7 br =7 RREREE, Wol4, Nod
(2001-7) , pp. 262-266.

Tl FUSIER, SOE “ZEAEBoA Sy
=87 V) XA TR TR O ENE 5
SR, H AR - TR 12 SRR
SEHR M R 6 2 R R R SC SR (2000-10)
pp.521-522.

TR, NVEEEA, BRI, AT “BGA 3
> =V R A TEEE TR OB 7 (Z RV 5
A, AABE R RS (A FR) , Vol. 67,
No. 654(2001-2) , pp. 216-224.

FalfE, HRES, fmRARE, 34,
IRBREE FICBUT 2807 U —IZA T BoA BEA
OB TTFF”, ElTFaRE, Vol. 32, No.
4(2006-7) , pp.219-225.

TR, FSIER, “BCA IZATZBEAT O %
B LTIl L7 hn=2s %
FAEZ5E, Woll, No4 (1998-9) , pp.
278-283.

T, AR, el i34, “ET
T A TATHER TR OB TR 1T
DIRAT « FRANA 7Y Rl - 55 18R, B
YA I NNTHREROBFA b & BT TR T
i, FIARSR R (A #), Vol. 64, No.
619(1998-3) , pp. 550-557.

T 9, BRI, eTael, Mhis, B
T I ATEHEE ER OB ST IR 2 I )
DIRAT « FRANA 7Y N 5 2 R, B
BRAPRE TR L DRI, FAER
SCHE(AFR), Wol. 64, No.619(1998-3) , pp.
558-563.

McDowell, D.L., Miller, M.P,, and Brooks, D.C.,
“AUnified Creep-Plasticity Theory for Solder
Alloy”, Fatigue of Electronic Materials, ASTM
STP 1153(1994) , S. A. Schroeder and M. R.
Mitchell, eds., American Society for Testing and
Materials, Philadelphia, pp. 42-59.

Maciucescu, L.T., Sham, -L., and Krempl, E.,
“Modeing the Defomation Behavior of a Sn-Pb
Soler Alloy Using the Simplified Viscoplasticity
Theory Based on  Overstress(VBO) ”,



(21)

(22)

(23)

(24)

(25)

(26)

27)

(28)

(29)

B, B LA ZZOISTIRIT IR E 7V O Fi A & 558

Transactions of the ASME, Journal of Electronic
Packaging, Vol. 121(1999), pp. 92-98.

Tang, H., and Basaran, C., ‘“Damage
Mechanics-Based Fatigue Life Prediction Model
for Solder Joints”, Transactions of the ASME,
Journal of Electronic Packaging, Vol. 125(2003),
pp. 120-125.

Basaran, C., Zhao, Y., Tang, H., and Gomez, J.,
“A Damage Mechanics-Based Constitutive
Model for Solder Joints”, Transactions of the
ASME, Journal of Electronic Packaging, \ol.
127(2005), pp. 208-214.

Gomez, J.,, and Basaran, C., “Damage mechanics
constitutive model for Pb/Sn solder joints
incorporating nonlinear kinematic hardening and
rate dependent effects using a return mapping
integration algorithm”, Mechanics of Materials,
\ol. 38(2006), pp. 585-598.

Stolkarts, V., Keer, LM, and Fine, M.E,
“Constitutive and Cyclic Damage Model of
63Sn-37Pb Solder”, Transactions of the ASME,
Journal of Electronic Packaging, Vol. 123(2001),
pp.351-355.

Busso, E.P, Kitano, M., and Kumazawa, T., “A
Visco-plastic Constitutive Model for 60/40
Tin-lead Solder Used in IC Package Joints”,
Journal ofEngineering Materials and Technology,
\ol. 114(1992), pp. 331-337.

Sung, VY., Luo, G, and Chian, KS, “A
Viscoplastic Constitutive Model for 63Sn37Pb
Eutectic Solders”, Transactions of the ASME,
Journal of Electronic Packaging, Vol. 124(2002),
pp. 91-96.

Fossum, AF, Vianco, PT., Neilsen, M.K., and
Pierce, D.M., “A Plactical Viscoplastic Damage
Model for Lead-free Solder”, Transactions of the
ASME, Journal of Electronic Packaging, \ol.
128(2006), pp. 71-81.

D.R. J. Owen, E. Hinton, FRF : [LIFHZEEM ; ¥
MDA TR FE15(1988), FHrHffr s,
pp.96-99.

Anand, L., “ Constitutive Equation for the
Rate-Dependent Deformation of Metals at
Elevated Temperatures”, Transactions of the

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

ASME, Journal of
Vol.104(1982), pp. 12-17.
B RS, P2 1M, “BYEST R b—
Talk a7 ) —lIAle— Ao
VBRI OBIEL”, =17 br=r A5
FpAsk | Wol7, Nol (2004-1) ,  pp.76-81.
W ER, “6h7 U —IXATHMIZEBIT D
Anand FEYEMEE T VIR A O, A AEER
TR 16 RIGHA) R S R SR
(2002-10), pp.775-776.

TRAEESE, AR, KEFERE, “BUB ki
& 5 iR RGORERURE ", AARE
MRS AFR, Vol 72, No. 720 (2006-8),
pp. 1161-1168.

TRAEESE, KREFHER, miffige, JIES: 9k
BRIZ AR AL 2 A 3 2 5 BB R Rl S0 o
Sn—3. 0Ag—0. 5Cu ~D ", HAREE S
Mg SCE S 53 TR 2 T 2 B T SCAR,
No43-1(2004-3) , pp. 17-18.

Sasaki, K., Ohguchi, K. and Ishikawa, H.,
“Viscoplastic Defomation of 40Pb/60Sn Solder
Alloys - Experiments and Constitutive Modeling”,
Transactions of the ASME, Journal of Electronic
Packaging, \ol. 123(2001), pp. 379-387.

MOUI, VBT, B, oBZ,” R
BB - 7 ) — 7P ERCE T L 8T ) —
TATE~DWER” , AAMIR Sk (A
i Vol. 77,N0.780(2011.8),pp.1169-117

Electronic  Packaging,

A ARM R RS 1 XA T2 O FE A Rk
(2004) , p.16.

Armstrong, PJ, and Fredrick, C.O., “A
Mathematical Representation of the Multiaxial
Bauschinger Effect”, CEGB Report
RD/B/N731(1966).

K (B8, £ &#E, “BIREHE O IREE

B LT LRI BAH SR S
£E(A #)Vol.58,N0.547(1992-3), pp.488-503.

N. Ohno, J.-D. Wang , “ Kinematic hardening
rules with critical state of dynamic recovery”,
International  Journal of Plasticity, \ol.9,
N0.3(1993), pp. 375-403.

CEk 2449 A 190 =B

67






PO TR M AT FE s 4844 (1) 5, 2012 69

O—FF 21— D=RICH BRERISRATE 5 [IRRE N L7200 DF%E
HOCHIORT, A REe, By &

Three-dimensional Finite Element Stress Analysis of Roller Chain and
Some Design Proposals for Improvement of Tensile Strength

Shouta IWAMOTO, Jyo SHIMURA, Shigeru KUROSAKI

Roller chain used for power transmission in mechanical structure is one of the important machine
elements. Historically, tensile strength experiment and fatigue test for performance evaluation
method of roller chain prescribed by JIS, therefore investigations of roller chain have limited to
perform experimental work on various mechanical properties. In this study, FEM analyses were
carried out to clarify the stress distribution and deformation state in composing elements of roller
chain subjected to static tensile load. To confirm the reliability of the analytical results, strain
distribution experiments at outer plate using strain gauges and tensile rupture tests of roller
chain were conducted. In addition, the effects of geometry factors and the materials of roller chain
components on mechanical characteristics were examined. As a result, it was found that stress
concentrations occur at pin and contact part between the pin and plate. For decreasing this stress
concentration, we proposed a new roller chain model, which has a spacer between the outer and
inner plate, and we named it a “spacer inserted model” . In the case of spacer inserted model, it
was seen that internal stress state of pin improves compared to conventional one. The experiments
proved that the strain distribution obtained by FEM analysis is consistent with the strain
distribution measured by the strain gauges.

Keywords : Roller chain, Stress analysis, Tensile strength, FEM
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Table 1 Dimensions of roller chain in )
JIS nominal number 60 (unit: mm)

Pitch Inner Roller Plate Pin length Height

P width W diameter D_| thickness T L1 H
19.05 12.70 11.91 24 25.3 175
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Fig.3 An example of mesh divisions in FEM analysis
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Table 2 Material constants of titanium alloy and aluminum alloy

Material Young’s modulus E[GPa] | Poisson’s ratio v
Ti-6Al-4V 106 0.32
A5052 70 0.33
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Fig.12 Contour of Mises stress oy, in the case of
components used titanium alloy
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Basic Study of Biophysical Simulator Using a Haptic Interface
— Prototyping for a Multi-DOF Pen -Style Interface —

Susumu TARAO, Masaya SATO, Takehiro KOIZUMI, Hirokazu SAITO

A 6-degrees of freedom (DOF) motion base is proposed for the purpose of setting up a user-

friendly interaction system on the desktop. It aims at motion in various situations with a large range

of movement using a simple mechanism, and generating motions adequate for an interaction with

a man and for computer application (e.g.biophysical simulator) . In this paper, a prototype of the

motion base is described. Its mechanism consists of a planar 3-DOF omnidirectional mechanism and

a spatial 3-DOF additional mechanism.

Keyword : Motion Base, Omni-Directional Wheel Mechanism, Haptic Interface, Biophysical Simulator
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Ventilation by Oscillatory Flow with Cyclic Introduction of Refreshing Air

Akihiro SHIMIZU*, Masaki SATO™, Masashi SHIMIZU**
and Michiko SUGAWARA™

Effective diffusivity of carbon dioxide in the longitudinal direction through a circular cross-
sectional straight pipe by oscillatory flow accompanied by the cyclic introduction of refreshing air
during a given period of time just after the upper dead point of the piston of the pump has been
obtained. The longer the time of introducing refreshing air became, the higher the value of effective
diffusivity became. In vitro ventilation experiments for the two types of the models, which were a
model with refreshing air and a model just with intubation, have been carried out. The half life of
the model with refreshing air was shorter than the model without refreshing air on each condition
but internal pressure was increased with the increase of the time for introducing refreshing air.

Keywords : oscillatory flow, refreshing air, ventilation, carbon dioxide, pressure
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Acceleration measurement of bicycle on non-pavement road
Minami KIMURA

The acceleration in the loading motorcycle steering wheel on non-pavement road was measured.
The maximum acceleration increases from 85m/s* to 142m/s* when the running speed increases from
10 to 20km/h, and the average acceleration has increased from 13.2m/* to 26.1m/” similarly, too.
The maximum acceleration has decreased from 131m/s* to 52m/s® when the tire inflation pressure
of the loading motorcycle is decreased from 950kPa to 200kPa. Moreover, the average acceleration
has decreased from 24.6m/s* to 124m/s* too. The number of cyclocross tires has decreased from
125m/s* to 57.5m/s* when the tire inflation pressure is decreased from 600kPa to 200kPa. The
maximum acceleration decreased decreasing in the result tire air pressure that did the front wheel
fall test from 120mm in height, and a tendency almost similar to the real run test was shown.
When the cyclocross frame made of CFRP was used, both maximum accelerations and the average
accelerations indicated a high value from the steel frame. As for the maximum acceleration, it
decreases, and it has been understood to decrease from the loading motorcycle running in 20km/h running
on non-pavement road, installing the tire for the cyclocross in the cyclo made of CFRP crossing
frame compared with, and adjusting the tire inflation pressure to 200kPa 15.1m/s* of 40% decrease in
average acceleration of the former 1/3 of the former 43.4m/s".

keywords : cycletrafic, bicycle, acceleration measurement
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Fig.5 Peak mode acceration 3 axes (From Hachioji to Kawasaki)
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Fig.12 Relation of air pressure on the maximum acceleration and
average acceleration (Steel frame, 700-22C road tire, 20km/h)
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Fig.16 Relation of tire pressure on the maximum acceleration and

average acceleration (CFRP frame, 700-22C, 20km/h)
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Fig.17 Relation of tire pressure on the maximum acceleration and
average acceleration (CFRP frame 700-32C cyclocross tire 20km/h)
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Fig.19 Relation of tire pressure on the maximum acceleration and
average acceleration  of drop test(Steel frame, 700-22C,20km/h)
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Fig.20 Relation of tire pressure on the maximum acceleration (Steel
frame, 700-22C)
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Fig.21 Relation of tire pressure on the maximum acceleration and
average acceleration  of drop test(Steel frame, 700-32C,20km/h)
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Fig.22 Relation of tire pressure on the maximum acceleration (Steel
frame, 700-32C)
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Fig.23 Relation of speed on the maximum acceleration and average
acceleration(Steel frame, 700-22C road tire, 950kPa)
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Fig.25 Influence that skinny tire, cyclo crossing tire, steel frame, and
CFRP frame exert on average acceleration (600kPa,20km/h)

A4 WARFEEITICRIT DY a2k

TayaAL— ARl R TEO R LA L 720 FHLTZY,
BIEFRT FIZ03 57 DIRE TR BED SN KD DHA
Y SUSES I IR Tl CFRP S L — A EN Q.
ATEDOFEROHT 20kmh EfT Tl Steel 71— A2 950kPa
Oua—R AT 2—T F—H A (100-22C) &5 LT 55
VIS 130m/s2 [ 2720 CFRP $l=7L-— 1\ Z 200kPa (D3
raya AT a—77—H A (100-32C) & HE L= A1
A3M/s2 | AR D2 Epvion otz

140 T

120 +
100 L
80+

60 7

40 4

o - -~ %

20 /7 Average accelerationm/s2]
o 2 /" Masamum accelevationlm/s2]

—F
CriMo-steel
700<22C
950kPa

CFRP
T00-32C
200kPa

Fig.26 The maximum acceleration and average acceleration of
road bike and cyclocross bike in running on non-pavement
cycletrack(20km/h)

5
BRI Z BT B 10— R 7N RV RS B i

WEEAT72,

D) TEEDS 10km/h 725 20kmvh £ CHAN S & BRI

13 85 mis® 0> 142mis® = CHIIN L PRI &[RRI 13.2

mis?7>5 26,1 mis> £ CHYINL 7=

Qr— RA T DX A YZE5T % 950kPa 725 200kPa E Tl

D ERD L EINHREIT 131 mis? 5 52 mis> £ Tlb L=

FIEINMEE & 24.6 mis? 75 12.4mis £ Tl L=

LT B B AL A Y THH A Y2EKIT % 600kPa > 200kPa

F T EES & 125mis2 75 57.5mis? % Tl L=,

A S 120mm 2> SEHERE BT A &2 T TR A Y eKIE

DN THRINBEELHE T U EET A N SRR

iR ZR~ LT

5)CFRP#lls 27 1 7 0 27 L— 2% JV =581 3 CrMo 7 L—

L E 0 BIF RS SN & b IZm\ Mz R L

B)FEEIEIE T 20km/h AT TIE— K3 Z BTN TC

CFRP #ils 7 mru A7 L—AZi 7z a AHZ A i

LA A Y2e5EA 200kPa (2975 2 & TR IR

D U3 D 434m/s2 |23 U SEEIREEDSHITE D 40%080D 15.1

M2 I 45 2 L v T,

SER

D Ak THESEEEE R ) 2 SRR LR~ L —
LD 3 TMEREAE ) AR T2 (No. 8-23) V= A
b SUIRDT A 2008 ATR—Y THEL IR IS



AR F R EESR R O DI L E ~ TR BT B & A YRR DR~

RYT L a—vy XA F 7 AR
(2008), pp285-290
AN AT EESE Y L—20> 3 BlIBEEEIIE) |, SR
TR R P R el & vol. 43(1) 5 (2011), pp51-56
I AKF: THESEE TR Y = 7 7 7 /USSR O NI )
2010 FEfE~ A 7 a A H b u =7 AR E R S i U
(2010). pp15-16
AN THEEEHERTIRONY TS A 7 )
m— ROYE-] , A2 No. 10-53) AR T T AAR
—V TV Rba—< AT I A 2010 G CE
(2010), pp392-397
5) ALPUE, e, AR [EKimoM ) BEREE
1T & R BIE TR BB 20158 IAGHI AT
£, (2002), pp. 149-152

(P 2449 H25 B =8

91






HR TSR E M AR e & 444 (1) %, 2012

93

FEMVERALEE SR ML D WERIL T & RN & — > D IERIEIENT

P e NDCHTHEE™, Rl & &

Nonlinear Analysis of Film Breakdown and Internal Stress of Amorphous Silicon Carbide Films
Hiroshi ITO*, Yoshio KAWAMATA™ and Masanori OHY AMA™*

Internal stress and nonlinear dimension of film breakdown for amorphous silicon carbide (a-SiC)

films deposited onto the fused silica substrate by rf-sputtering were investigated. The internal stress

oy of sputtered a-SiC has shown the compressed stress for all films decreasing from 1.34x10° to

0.62x10” N/m? as a function of film thickness from 40 to 760nm. The nonlinear dimension D has been

evaluated to be 1.7~1.0 against film thickness 40~760nm since such the behavior of surface pattern

density of film breakdown can be treated as an object of the fractal analysis. A correlation between

or and D is first found to be expressed by the relation log (D) =A o,+B, where a and b denote

numerical constants, respectively.
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Table 1  Sputtering conditions of a-SiC film

Target SiC(99.97%)
|TO[|n03, SnOZ(S%)]

RF Frequency 13.56 MHz

RF Power 600W (3.29W/cm?)

Base Pressure 1%x107° Pa

Ar Gas Pressure 0.1 Pa

Substrate Temperature ~ Room Temperature

Substrate Fused Quartz
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Fig.1: Electric circuit of film breakdown
experiments for a-SiC film specimen with
sandwich structure formed by ITO electrodes.
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Fig.2: Schematic diagram for internal stress
measurements using a warp of the substrate
caused after deposition of a-SiC at room
temperature.
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Fig.3 : A typical micrograph of a-SiC film
surface with striped pattern observed after film
breakdown and number of squares, N(r), to cover
the striped line for performing the nonlinear
analysis.
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Fig.5: Micrographs of striped pattern carved on
a-SiC  film surface after high-electric-field
breakdown. It is found that the density of the
striped pattern is lowered with increasing film
thickness d.
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Fig.6: Plots of logN(r) vs. log r. N(r) denotes

number of square covering striped pattern carved

on surface of a-SiC specimen and r is a side

length of their square.
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Fig.7: Plots of the nonlinear dimension vs. the
film thickness of the a-SiC films on fused silica
by rf-sputtering.
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Fig.9: Plots of log(D) vs. log(d). This figure is
used data points in Fig.7 showing a relation of
the nonlinear dimension and the film thickness.
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A Study of Evaluation Model for Allowable Capacity of Wind Power Generations

in Multi-Area Interconnected Power System

Atsushi DOI, Kiyotaka ABE

To prevent the global warming, the introduction of renewable energy has been promoted in

power generation sector. In particular, the introduction of the wind power generations has advanced

in Europe and the United States. And the installed capacity of wind power generations connected

to power system has been increasing in Japan. However, wind power generations can negatively

affect the power system frequency, because the output of wind power changes drastically depending

on the wind conditions. In the past, the allowable capacity of wind power generations has been

calculated on an area-by-area basis from the standpoint of the frequency fluctuation. This paper

discusses the evaluation model of the multi-area interconnected power system to expand allowable

capacity of wind power generations.

Keywords : wind power generations, power system frequency, multi-area interconnected power system
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New Reduction Technique of a Conductive Noise Generated by an Inverter and
Construction of the Measurement System

Hideki Ayano®, Yuki Sato™, Yoshihiro Matsui*

This paper proposes a technique for reducing the leakage current which flows into a power

source as a conductive noise. This leakage current may have an adverse effect on the peripheral

equipment such as causing malfunctions. The proposed method applies a zero-sequence voltage to

the output voltage references in a circuit containing grounding capacitors. The simulation model and

the experiment system for evaluating the leakage current are built. The experimental results show

that the proposed method can reduce the leakage current as well as the simulation results.

Keywords : leakage current, zero-sequence voltage, common-mode, common-mode choke, EMI
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Fig.2 Zero-sequence equivalent circuit.
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Table 1 Parameters in equivalent circuit.
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Fig.3 Admittance gain of the leakage current.
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Y DREUV10KkHZ DSy 7 KIEIRRTE 5 2 &
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Fig.5 Simulation results of zero-sequence

voltage and leakage current(duty ratio: 50%).
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Fig.6 Simulation results of zero-sequence

voltage and leakage current(duty ratio: 95%).
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Fig.7 Experimental circuit configuration.
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Photo 1 Experimental system.
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Fig.8 Peak values of ic when the duty ratio
is changed
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Analysis on toxicity of heavy metals against organisms in different stages

in whole ecosystem by QSAR (Quantitative Structure Activity Relationship)
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E'E*

Ryo SHOJI, Masaya SHIMABUKURO, Moe TAKAHASHI
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Keywords : Ecotoxicity, Toxicity test, ECy, LCy, Food Chain, Ecological Pyramid

THONLZN. T, WER - {LFHE
HIZE 0 @RAREREICHIE S SGE,
ED XD 1w 52500 G4 3R L
RITNERS R 98 FDREIL, T v
kZfE o = mEREBRIC L > TE < O&ET
FRRFENTND. Lo LAKBREEICAER
T AWK LTI, K 60 FREH S DTFED
WIERREH S TR 9,
KREREIZAERT DM E LTIE, AN
Y 7 T & % Pseudokirchneriella
subcapitata, KM TdH % Daphnia
magna, WKMERETH D Oryzias latipes
DREMTHZ V9.2 05 3 FOAEMIL,

Recently, heavy metals have been used in the various products, though they have strong toxicity
to organisms. Toxicity of 60 elements against organisms such as fishes, daphnids and algae in
fresh water have not been elucidated yet. The objectives of this study are to elucidate the toxicity
of 60 elements by toxicity tests using organisms in different stages in ecosystem, and to perform
the Quantitative Structure Activity Relationship (QSAR) approach which is for the prediction
of the toxicity of metals from their own properties such as o, (softness index) and ion radius to
the prediction of toxicity of unknown metals. A clear relationship of toxicity among organisms in
different stages in ecosystem was found. The toxic effects of metals to Oryzias latipes, Daphnia

magna and Pseudokirchneriella subcapitata were correlated with o, and ion radius of the metals.
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EREANTOMEIZBWT, EEE, —Kk
HEE, “IREEBEIMEST LA TN,
IO DEIIHRE-HBEORBRICHY, &
WOWMEZ I HIZONT, RELLEW
EFRLEWR EREN S OEHEITLER L,
AERNIZ I 1T 2 75 G 8 D i FE IR R
2 ERT D 992D 0AARNTOME
DIFEVC LT, @ROFEE~DOEIZK
INERRIR B D Z EMBEZ HNDN, SRR
I BOBMET — X ZIUE L, G &
T2 TWAIFRITHTH 5 0.

ARERE T I v FIZBWTHERAR D% -
HREFNZ S 584D DOEMEICE LTI
Bt AT > T A0 —filE LT, &
TEPEAR B &2 FH W TR M T T 5 e
2, 2 a— X %R L E&IEIETS
PEFEHBI(QSARIC K 5 I E
DEBOBLEN B EEIZ/R > TV D 24
TIEHEETE AR B 2 T, Btk &L
B ot - MEEOMIICBERMERH D Z 2
WEINTHERD, EfpmtETHlE T
B TWRVWONBIKRTH 5. Z TARMF
ZE T, MRETEMEMRZT T, AR
Ma DB O W S DA DENT LD

wMEA~OMPED R/ NERE T2 Z & T,
£V IEMEZR BT I ATREIC 20 D L B 2 T,

MR T o & LT, KR
BelZAE B9 % P subcapitata, D. magna,
O. latipes =R 5 Z & T, EEZRNTO
B E OENZ LD OB EZHREF L, &
Bt HEDOAERREE T ZITO 2 AL
L7z,

2. EBRFE
2.1. T—HF R

FVERAM (O 2 KBRBEIC AR RS 5 4EW

1%, P subcapitata, D. magna, O. latipes
EL, 26D ECslumol/L(50% 52 25
J£), LCsolumol/L1(50% B4t ) %
ECOTOX Database®, MSDS(Material
Safety Data Sheet) % /=7 — ¥ fiFk &,
YV A REERER, U0 aftiEK e
FHRER, AEAMEERRICI Y T —F UL
£ %497 - 72 . ECOTOX Database (23515 5
MBS E L, IREHR ToRBRTH
HZ L, [N 72 - 48 - 96 R T
bHZE, Blmr RARA v FE LTARER
EER ERIAESR, FCETHRLTWD
&, deREE L QIEMMTHL Z L
&L, ZDDSRMZ - T MR ERRE R
WD D56, TNENOFHEZRE
i L7z,

2.2. Y UEARMERER
FEHFHIIC AW 2 KBREICAERT 249
%, 2~3 HAIN L1 LTz P subcapitata
(LLFY ) &L, OECD 72 hlIA KT
A AT HERL L 72 B 5 15 TT o 7 KR
22°CC 72 IpfHERe AT L, Mg D HIE IS
X E FHSHIMADZU UV-1200) %
WTHEE 655nm ([Z81T WL 2 HIE L
To AR p & AERIAESR Im(%) % (1), (2)
MUCTHE Ut 1 (T RE AR S
Z @ L= h], ¢ (35 BHLA% n B H
(R A E U h], Nii ¢ ORF
Oifffatlcells/ml]l, Na i tn ORFOMMAIEL
[cells/ml], pc |FXFHRK DI E R, ue
IRIRE X DB ERHEE L KT
4= (nNnp - InND/(tn - t1)x100 (1)
Im=(uc - po)/uex100 (2
FRBRES 1 & LTI, Table 1127% L72 AAP
FRERRTHL A L7z,
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Table 1 Y UHEARMBERBRICHEMN TS
AAP (Algal Assay Procedure) alBrisHio
HELRK

o34 I [mol/L
NaNOs 2.94 X104
KsHPO4 + 3H20 4.56X 106
MgClz - 6H20 3.40X 105
MgSOs « TH20 5.99X 105
CaClz - 2H20 3.00X 105
NaHCOs 1.79X 104
HsBOs 3.01X10%6
MnCls « 4H20 1.33X 106
ZnCle 2.40 X107
CoClz + 6H20 3.28 X109
CuClz - 2H=20 5.28 X101
NazMoOs4 « 2H20 3.00X108
FeCls - 6H20 3.55X 107
Na2EDTA - 2H20  8.06 X107

2.8. I Vv afilFkiLERR

TR &3 M3 A% 24 FERLINO D,
magna(LLFI Y a)l L, OECD 7 % bk
HA RTA > TG202 (ZHEHL L 7= 588k J5 1k
TITo 7o R BRae: & LT, 48 FREfHI B, 1B
FERGPHIE, 1X1010~1X102[mol/L]& L T
pH #iPHIL D. magna NWERIZAEFTE D
7.0£0.1 OFHN THER 21T - 72 KR
22°C, 48 WF[#Epe T L, WEPKPALE 2 #8152
L7z kB & L Cix Table 2 (2R L72
ISO sRERLT 2 L 7=

2.4. RESVEFERR

RS L2 EMICw Ak ZITo 7= O.
latipes (LLFAXJ1)E 1L, OECD 7 A b
HA KT A TG203 (ZHEHL L 7=5 Bk )71k
TIT o 72 RS L L C, 96 FE R,

FERPHIE, 1X1010~1X102[mol/L] & LT
pH #iPHIX O.latipes WMERIZEFTE D
7.0*£0.1 OHFHAN THRERZAT > 72 KR
22°C, 96 FEfHER U L, JECER A Bl
L7z alBss & LTl Table 2 (/R LT
ISO BRI 2 5 L 7.

Table 2 I ¥ 2 = Q@ElEVK HE BRI &
O attEmEER_BRICHEH T 2% IS0
(International Organization for Standa
rdization) FERES DKL

k534 IR [mol/L]
CaClz » 2H20 2.00X103
MgS0.4 - TH20 5.00X 104
NaHCOs 7.71 X104
KC1 7.73X10°5

2.5. QSAR IZ X B M DENT

2.1~24 2L Vo ncattEmit T — 20
5, QSAR Z AW o MET 21T - 7o HEIFIC
BT LBFTIE 15 FEHONRT A — 2 2l
HLEEMERHLE 16 EONRNT A —F%
Table 3 (2R L7z,

BBROIEAN LMW H 2RI NT AL L

LT, opRFRFERAR) A A R (IR),
find e & O EAEHO RS EET 53
T A—=H L LT, A3 AbEHKZ2IR)LIH
HiEGHEEXm? - IR), AERNIZBIT LT
R BEEBROMEAESE LT, logKeys <
logKnis 72 & TH 5 .0p 1T B O S < 2 5 )
SERTNTGA—=2THY, QXNTREIN
5.2 D37 A —% 13 HSAB(Hard and Soft
Acids and Bases)HIZHS W CTEBILED
VT hen—REzEELEZLDOTHY, o
DENRRKEWVZEZOE&RBIINN— R THD
Z L aTRT.
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v, (@, GATERIND.

op [[] =(Er—E) / Er 3) M2+ + MT 2 MMT (4)

Er: coording bond energy of the metal Kvr= [MMT] / [M2+][MT] (5)
fluoride[kd/mol] A BT AR 0%, EEE OBFENIE
Ei coording bond energy of the metal WICEmWH R EE L THLATEDY,
iodide[kdJ/mol] HERBR EOMHNREFF > TS . FTz,

BEmTIZ 6L EOT I VLD 9 5, 20
logRvr IZAEBRNIZE L FHET DA X 1 % AT A VFRIEDEDTND 9,
FF2A b, BROMAEEZRLTE

Table 3 QSAR |2 L D& EOFIEOIITIZH N 15 FEORT A —X BV U, IV
va, AKX H OISR

IRT A=K HT Y U NV AL T
0p [-] 0.966 0.819 0.208
A A IR[A] [A] 0.902 0.705 0.389
A A AFEE Z2IR [A1] 0.619 0.580 0.027
LogKwur [-] 0.475 0.597 0.122
LogKoys [-] 0.303 0.434 0.042
LogKasp [-] 0.142 0.082 0.182
LogKauis [-] 0.106 0.060 0.178
LogKau [-] 0.008 0.001 0.399
Ik sy iR E% LogKon [ -] 0.287 0.460 0.299
T F1F D [-] 0.327 0.479 0.001
TLF DFAXAFAEL 9

BRPEMEE Xm [-] 0.058 0.336 0.181
J -4 AR [A] 0.001 0.018 0.003
W B R [ppm] 0.327 0.479 0.001
MR 5 [-] 0.001 0.018 0.003
TLFE DFEXHFIER 9

ARG Xm2IR [A] 0.163 0.258 0.164
3. WMRLEBL

3.1. YR D ECso, LCso D HER PR BRI D Z ERNbnD. £, M

Fig. 1 IZ&BtHRIZHTHEEMD ECso,  (1TIFK/NBMERRH Y La, Pb Zfr< §XT
LCso iz L=t D& <9 .Fig. 1 kv, [ DILZETAE I>I v ra>yuEEnIE
C&RBTHo THEMORIEIZ L - T, & RV SE->TWAS, 22T Pb 2B ERD
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---------------- EOEIAT, FRHECE, FFREEE, REY, MRERT, ez, BORKER
V) —EBEDEFBTRIRICBITIENFEDRE

Rk 23 RS - BT EREE S A FEES, 201112, 0KI-2011-32, pp. 144-148)

................................. WG, BORAER, #hIEER T, AR
HAABEMBBIZETEAFILOARILEE RIS AT LD

(K% ICT HEdE T iy 2011 AREEAER R4S, 2011.12, B11-10, pp. 564-568)

---------------------------- FPOMARR, AFnSE, (LA, HARREMGL, VeRRE
IFRRICETARFLEF ROBEICE DB BT m DR

(BAR e 7—=0 7285 2011 AE4AMGES, 20110 11, #H3C3, pp. 9-12) - - « Lhaafl KRR, BPOMRAHER, fhE LR 1
e J—=UJ EERALE-BERMBAAHEE O

(AAR e 7—= 7% 2011 4 40GHS, 2011, 11, F@3C2, pp.5-8) « « - - - - BRI L, BpOMRARER, ez
BRI EEREEEOERICKYRRL-IEHES

(55 2 [ef@ b MHE 7 4+ — 7 5 WEIT2011, 2011.11, pp. 27-28)

--------------------------- ferreizs, BO@ARR, MESRT, MRS, REEE
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K-Skill ZACIIMIBITRRFIZEDERELEE R TLOBHE

(BT 15 w3 Bl se ks, ET2011-58, 2011. 11, pp. 15-20)

---------------------- JREFEHEE, BURMEMDL, BFO@AKER, /KIEFIELE, RHME, =FHE
K-Skill ZACTIMIBIT2AHBEMEBT R~

(JHIATL Y AT K v AR 7 A 2011 (BSS2011), 2011.10, 30)

----------------------- RIS, AokEME, HUREMEL, 1EEE, BORKER, WIHE
HAABRIMEBIZH T DREBRAT VIZEDIEE

(AAHE T2 27 BAFE KRS, 2011.9, 1a-230-03, pp. 269-270)

------------ VEVYELEE, R, BBIEN, WEIETR, fEx KRIE, BAFZE, BARAKER, HIREML
I BICE DU =B iEE1E B DR

(5510 FIEHRBFEAMT 7 +—F & (FIT2011), 2011.9, K-031, pp.785-786) + -+ - - fhHEERI T, HEE, FHORAER
B YIZRENN(A DB HEIEEDIRET

(%5 10 EMEHRB P 7 +—F & (FIT2011), 2011.9, K-030, pp. 783-784)

................................ wEHENEE], KhERth, BPOMEARER, AR T
TITHRRBRICETIEEFEDEEERIS AT LDIEE

(85 10 S WAL 8T 7 +—F & (FIT2011), 2011.9, K-028, pp. 779-780)

.................................... FeEnpt R, FPOEAHER, b E LR T
FELORETOLREEICHE T E2MER R AT LOBE MR

(55 10 EIEHBFEAMT 7 +—F & (FIT2011), 2011.9, J-030, pp.597-600)

-------------------------- FROOE, kb e X, HEME, MEERT, FOEKER

RBILBEE IS L =S B AR A A R ILIZEE DR LR

(Bb #7757 L2 A 2011 in OSAKA, 2011.8) « = « + ¢ & o o o o o o o 0 o o o . Vepiis, ELRsER L, BpOMRAER
KERRAL L —MEROERYEH

(%6 31 [ml & S5 B P AR G WAL B B P JE 3638 4%, 2011.8, pp. 121-124)

------------------ HIRIEWS, REE, e RE, BRERAKER, AR, mEi, ez
TFEHLF IO TN #RELI-EERELRE

CFRk 23 EFEMSTATEBOE N EEEHEE 7 +—7 4, 2011.8, 0-46, pp. 297-298)

...................................... ﬂﬂﬁ}gm’ WW%Z, ;}Dﬁxﬂﬂ
HEEELERXIEEREDEEICDNT

(CERk 23 AN A TEBUE N EE S HEE 7 +—7 &, 2011.8, 0-35, pp. 275-276)

........................... 5']@1(3[5, $¢$%*§q_’ LE%:‘%F%, 1E’F/I$%, ﬁ%ﬁjl\

EFIA—REAREODHBEIZDOLT

CERK 23 FEMNATBOE N 2E &G HEE 7 +—7 A, 2011.8, 6-42, pp. 83-84)

------------- KEFIER, fefelE, BbERmEL, loeRs, BOM@AER, (LEBER, NI, RIFRME
BEREAAREIIIZFEDREICAF-HEARTEMTEERA)F1ILEDOLERE

CERK 23 FEMNATBOE N 2E &G HEE 7 +—7 A, 2011.8, 641, pp.81-82)

---------------------- mEfe, BPOEAER, T, BEIMGEWIL, PHERE, RS
EERMEAH RAF IVEEICEDCREED AT LABEIE Y AT L

(PR 23 FEMNIATBOE N EEEHEE 7 +—7 &, 2011.8, 634, pp. 67-68

............................ ;fDEXEB’ *ﬁjﬁ%ﬂ%, U—[Bﬂﬁ%y Eﬁiﬁﬂﬁiél%/lgL, 1715;3%%{%
PHEDRAX ORI EEZBELE-BLEEEEEEEDOHRE

PRk 23 FEMNIATBOE N EEEHEE 7 +—7 &, 2011.8, G-33, pp. 65-66)

------ HLPCAE 5L, TEEME ., BPOEKER, (LHBR, #hEERT, BRI, ks, KEIEE, LE§,

LHEE, EOTfRsE, s LEsk

TERBRICEITHATILOEELICEET %

(BT BB st s, 2011.5, ET2011-14, pp. 75-79)

............................... BO@RAER, [LIRER, FLifdchs, oL
Development and Practice of National Colleges of Technology Version Embedded Technology Skill Standards

(F41th ASEE/IEEE Frontiers in Education Conference (FIE2011)J, 2011.10, T4C)

---------------- Kazuhide Sugimoto, Kentaro Noguchi, Chikatoshi Yamada and Takahiro Yonamine
Operability improvement of the joy—stick by the sensitivity adjustment of the lever

(FForum on Information Technology 2011 in Hakodate (FIT2011)J, 2011.9, RJ-002, pp.21-24)

------------ Sho Gushiken, Shihoko Kamisato, Kentaro Noguchi, Takahiko Satake, Yoshiteru Ishida
iPhone/iPod touch ZRAWL\V=RAE—HDBIRERAET T Ur— a0 DR H

(F3EIRFay =T LNETFFARKRSEFSE, 2011.12, pp. 34-35)

................................... %%QEH’ E*E{*) []\jﬁﬁix’ *IAMH#':E\
DCT EEFRAW=@ T ILTYX LDIRFEEER LIZEET 5813

(FI3EIKRFa =T DNEFPARKRSEESE, 2011.12, pp. 36-37)

.................................. P ETE FAREMR, DMMREST BWRES
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AE—HDOBFRIEAEICERT ST DRET
(F3ERF= Y =T ANEFAAERKRIUEEE, 2011.12, pp. 40-41)

.................................. EEmL, SAEMR, MREST, BRHREBE
Ia—F ¥ eIV RATLADOBBET LTI LOBERIZDOLNTORKRET

(F3mEKZEa L Y —2 T ANFETEERRLSTSE 2011, 12, pp. 48-49)

................................... géng’ E;’;Eﬁg, ,]\jﬁmx’ */RMH#;E\

MEIFH

ABEERRADHI D LIEALKRREEE

(A AP IR IR SEMEES 117 RS 300 [H1AfF4, 2011, 11, 117-300B-2)

----------------------- MERAL =, fEMs->x, EBAHAE, FARSR, WARE, SIEMH
A—RU T4V LDT 2R REREICHESIBESEREL

(55 38 MR BB BIFEAES, 201111, 1PI5) » » » « « o o - \ErzE, ulfng, ERREE, FMARSR, 7
ABBERFEADHIVLE—EL T LKFRBEZEY

(% 38 MIRSAM B FRHF &, 2011.11, 1P 1 6)

----------------------- ML, RS o%, EAA, FARE, RARE, SIRMHG
REMBEEEF NIV LD RISHE

(%5 38 FIRFAEFFRAES, 201111, 1P I 16) » = o « = o o o o o o o o s 4, ZEEY, EBR#AE, FARE
BERREBERNICESITAAREMFORENL

(5 17 BIREML - BT 7ty oo 7o R Y MRS, 2011, 11, pp.57-59) + ¢ - - - - aHEE, LdLEH
EHHEGRNIEY DR -BEELT LD MERESTE

(55 14 ML TR AR R RS, 2012.3, p.103) « « « o o - LHEA, DNERHE, AR, EMEH, BHESE
BIRREBICH TR FRIRICET S

(35 14 B LS TR AR BHITRE, 2012.3, p.107) « = = o o o o o o v v v o o (dbiE s, EEmE, aBHREE

BREAVUKERICE T2 REESEORMEE

(2011 4E & H AP B Bh 28 38 MI4ER R4S, 2011.8, pp. 69)

------------------------- IRRR, @kt dbit#le, FRAZE, $ER] TR
BEEUTAVEVREBERWN/NEAY U KEREEDREFE (6)

(%6 35 [RITBMFEAN TGS, 2011, 11, pp.69-72) - - - - &ouseff, MaR%, dbirlz, FRMZ, TEHREE, B
HABEZPELELS | ~HBESEEYICALER TORE L FRBOIRYMAHS ~

CERR 23 FEREEGHBEE 7+ —7 &, 2011.8) - - - - FHIHE, Holgt, RETG, FEME, W5, SEEH
T Q2-IFIAFTUIL) YUBEERWIER LM OME - S

(35 14 BULF TSP R T ETIIRES, 2011.3) « ¢ 0 o o v o o o o o 0 v 0 00 . KT, vEH G, REH
B EFILM AFILTUOEZDLEZRWNE7Y EHOMYE - S
(35 14 UL TR RS TEIIRES, 2011.3) « o o o o v o o o o e e 0 000 . KA, VEHHE, KREH

The effects of nuclear reactions in solids on the phonon dispersion relation
(TProceedings of 15th International Conference on Condensed Matter Nuclear Science] 2011, pp.263-267)

°°°°°°°°°°°°°°°°°°°°°°°°°°°°°° Kenichi TSUCHIYA, Shigeru SASABE, Masao 0ZAKI
Theoretical study of nuclear reactions in solids using Bose—Einstein condensation model

(Abstracts of the 12th Meeting of Japan CF Research Society, 2011.12, JCF12-6) « « « « « = Kenichi TSUCHIYA
Co BEHET/AFOIEELER YD

(A AL 56 92 FZAFERFH TAHI4E DVD-ROM, 2012.3, 1H3-49 )

°°°°°°°°°°°°°°°°°°°°°°°°° FHEERE, FENEE, A)IFE, Mg, AEER, BTHBR
BHLIZALNT—ILEBTEIRRRKDPFEZTD_ERDERK

(AARALFEE 92 FFAESTRIE THILE DVD-ROM, 2012.3, 3M1-37)

............................. WACH, JEFEE(, PR, ANREEEARS, BTEE

S BEBIIC 45 1 HEE/ A/ SR RBIER D NO, BEE(L
(5 52 R AURBEAAMIE R, 20110, p2) + + + o v v v v m o m e LB, A
7IE O E AR5 B ERMBEIZFAL BRI
FE3EIRFa Y =T ANETFARRSEEHE, 2011.12, pp. 224-225)

................................... %J[H‘l’:’ %)«:’égi, I,ZF'EﬁIE%Z’ Efgﬂ”ﬂ-
BEEERREF O EEEIRERE S DBRET

(3 mRFay Y =27 AN\EFPARKREEE, 201112, pp. 256-257)

................................... B EFes, MIHARHE, TS, SHMH

FYONRADBREZEMELI-EDHEE

(3 MRFEay =T AN ERARESEEE, 2011.12, pp.264-265) -« « « « AR, ARG, =S89
TEEOKRRIZEDTIED NIEHEKISDEEYRE

(FBITHEEH S ART T L, 2012.1, p.193) = ¢ o 0 0 v oo oo v 00t BJIDL, =Z8Ht, =RE—=E FHEZ
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SAEXIERICE T HEREEDMFH BT HIRET

GBITHEIEE T AR T T A, 2012.1, p.282) = « « o o v o v o000 e B ScR, S/, B, R
FERAW XY ROBREICEITHREDEIRE

(B 1T RIEEHS AR T T A, 2012.1, p.283) « « ¢ o o v v o v v v v v v e e e H Mz, HHEHE, =8
AT—=)LEABREICAVSEBRNODEREBHICDOLNTORET

(55 14 B LSRR A REURE, 20123, p.4) = = = o o v o v v v v v v v v v o e PSR, =t
EIEMERWEROECE R VERRERE N DO®E

(5 14 b T AR RS RS, 2012.3, p.17) =+ o v v o v v o Bz, S8, WA, DR
TIEDRELEATEIBICETS) BEAEMORBRRE

(5 14 bR T HR PR AERRAHTAURS, 2012.3, p.5d) + « o o o v o o o B, =/, R, THEZ
Z M B LSY X (20 Septifer virgatus |ZHITBRARIA LT AV TA—LDEEHT

(% 82 M HABMFAR RS, dLHEE, 2011.9.) « « ¢ o 0 o v v oo v v v v vt e e BOvE, REREF
Ecotoxicological assessment of catalytic heavy metals leaching from waste fuel cells

(SETAC Europe 21st Annual Meeting, 2011.5, WE156, pp.151) =« « « « « « « « = N. Ohta, H.Shiroishi, Ryo Shoji
Y TIETHEASNDIBRIEHMTOERTREELTISTE, /1RHEVORREE

(AARTEEIOE RS 2011 4EFED IERE, 2011.8, 10-13, pp.73) = = o o o o o o o o o v o oo ERR, EMA#HE
ML NI TOT7 I ST R BEDOASHEE DT

(AALEEIEE RS 2011 EEES IERZ, 2011.8, 11-29, pp.88) » » = =« o o o o o M, ERR, AR
ZENKEE IV T HIADEEEB DN

(AARAL 5 6 B RS:, 2011.9, 2B2-35, pp.39) = = = = = = = = = = o - - PPHEEA, HELE, ETR
BEEEREERAWN L7 AT NI CEREOEESETH

(AR5 5 MBI A RS, 2011.9, PB2a028, pp. 144) « + ¢ ¢ o o o o o o o 0 o o 0 0 o =G, ETR
Development of evaluation approach towards ecological effect of gaseous sample on Orius Strigicollis |

(SETAC North America 32nd Annual Meeting, 2011.11, 215) =« « « « « « « « « =« S. Komatsu, R.Shichi, Ryo Shoji
EROEGLIIVEDIEESETHOEL

(5 14 B PP AR RS R RS, 2012.3, Cl4, pp.60) « « = =« + -« B0, MHEMEA, HFELE, EFR
EEBEOKREEREYIIHT HEREEMN

(55 14 ML TR E R RURES, 2012.3, CI8, pp.64) + ¢ = = o o o o o o o o ELEER, s, ERR

TIEICETHEMD LI LEBEICHT H5HD LOBREFE

(5 14 B TSP AERFRES KRS, 2012.3, D03, pp. 73)

-------------------------- BERC, REA, AW, IR, LK EAR
ZENEEIIVEBOEHEBICLIRADEEEHDOEIL

(55 46 [A] H A KBREE P43 F 4>, 2012.3, L-57, pp.664) « = « = « « « « « o « « o « CHpEHE/A, HEILE, EAB
TFoAURBERRE BRI AU E MR A — Rl DB

(% 108 [FIfiiiE3m<s (3C20), 2011.9)

------ TERESFAL, ROTHRh, msaEk, mSaEsk, KPS, WK FRERR, PUESERN:, REONENR, WAEEM,

SRR, ST

U)1—23 TS5 RATEKICKEEEBHEL—RUMEDOE K

(55 108 [ IEFIERS (P044), 2011.9) = » = = = o o o o o o o o o o e InEavE, AR, PR, RN e
YUBKRZT7E= D LERW-REEHTON EERBRBEMICS T 2MEERAENREMRESZIFE

(% 108 [ iiitamas (P046), 2011.9) - - - KJIEE, WREHEM, ERE=E, REBEK, A5, 7HETL, 5
ZEE/LAV—EERMEICLDITUOEZTDERILEMERL

(55 108 [RIfIEEIFRE (PO46), 2011.9) = + ¢ o ¢ o o ¢ o o o o o v ot 0w e e WALK, WREM, EHER
AEEHHI—RUEDERIE RN FXRICEDEIREEAE

(%5 108 [If I ETam2s (PO4T), 2011.9) = « « « « o + « » AR, K)IFE, HEEMR ERrE=x ERR, MEE
BEEFH— R F/Fa—THED Si0, HEBERICKIMHEE MDY — Pl g~ DR E

(%5 108 [EIfihifET3m2s (P048), 2011.9) = + = « « - IR, IERES, WAREM, (LEESL, B R,
Y 1—3a TSATEICLSAEREI—RUMED &/ (2)

(35 79 AIEBEALSF 4, PFCOL, 2012.3) = « o =+ o o o o o o o 0 o o o & INERRYE, SREEM, hEEY, R HEEE
ZEEREEBE/LAV—HEEBIZLI7UOEZT7TDESILFRER L

(BB 79 [IFERAL S, PFC23, 2012.3) « + @ v o o o o oo v vt et e e e WK, BMAEEM, EIEn

YUBKRZTUOEZ D LERW-EMHEICKSHEETON EEARDBHF (5)

(%5 79 BIFES[LSF2, PFC32, 2012.3)

--------------- KR, (LR, WA, EREs, WEECRES, B, STl B
Zr0,~yP,0, BfgEZ ALV - BE IO BER MK E MO REMREICHNT 52— BRIERFDEZE

(% 79 EIES LS, 1127, 2012.3)

--------------- RIS, KRR, BMABEM, FEREE, REBRECKRS, we s, EpEsril, S
A7V B EEEMAFRESEBA—RU T /Fa—TJICkbE70EZ7DESILERERE

(55 79 [l RAL SRS, 1129, 2012.3) + ¢ ¢ o o s s e e e e e e e e . FRHBLRES, AR, WAEM, EHES



137

BAAIZ&>TERBLT= Pb,RU,0, s Z AL RIAEERKDBERILASRICT O ETRED A
(55 79 BIEEALFE, 1130, 2012.3) = = = = o o o o e o0 e VRS, WREM, WO, T, I
Development of Recycling Process for PEFC Catalysts Using Electrochemical Methods
(The 62nd Annual Meeting of the International Society of Electrochemistry, 2011.9, S11-P-012)
------ Minoru Yonekawa, Hazuki Matsumoto, Shinjiro Hayashi, Hidenobu Shiroishi, Masayuki Kunimatsu,
Itaru Kato, Ryo Shaji
A Novel Synthesis of Pt/CNT Covered with Silica Layers using Microwave Irradiation for Ultra Durable Polymer Electrolyte Fuel Cells
(55 21 BT HAR MRS “Efff o AR W A, 2011, 12)
""" Taro Takasaki, Hidenobu Shiroishi, Hiroki Fujikawa, Hisashi Seta, Kiyohumi Yamagiwa, Yusuke
Ayato, Jun Kuwano
Ammonia Electrooxidation Activity on Noble Metal Monolayers on Gold Electrodes
(21 I HARMRS i AR 7 A, 2011.12) « ¢ o o o o o o 0 v e Shota Azuma, Hidenobu Shiroishi, Keiji Nagai
Synthesis of Carbon—supported Platinum Catalysts by Solution Plasma Processing
(%5 21 [BIH A MRS 2> AR Y w7 A, 2011, 12)
""""""""""" Takumi Kato, Hidenobu Shiroishi, Tatsurou Nakashima, Naoki Matsuda
F/RMNIVIRF R IVEEEETHTA GBS FEREROAE
(5 61 BlE Ay PP KRS TRI4E, 2011, pp. 992)
.......................... AT, A7 T v B Ny F v U—, lUARREE, FEKC
SOUROEVRERICKDh—RU TSV IBAMBERAT LOYHE
(HARA Al 2011 4R KE:, 2011, pp.91)
°°°°°° WAFEE, FESRoT, 77, e EGE, WA ES, aAREW, BRI, LEHE, 5L, AHRE,
BKTE—, EREE A, ) EZ
Polymer Electrolyte Membrane with Nanomatrix Channel Prepared by Sulfonation of Natural Rubber Grafted with Polystyrene |
(Kick of Symposium, Establishment of Carbon-Cycle-System with Natural Rubber, 2011, 0-15)

----------------- Patjaree Suksawad, Noriyuki Kado, Yoshimasa Yamamoto, Seiichi Kawahara
RATLDEEEDHE
(%6 60 [0 1 Rawas, 2011, 3639) = = = o = o s o s e e ettt e e e JRECTT, ARG —, IUZARSFIE

=R TSVIREMBRATLDELIAOS—EYHE
(% 59 1L = —ali s
------ IWARRETE, WA, T FLE, EPEGE, A Z, BARE], B, JLEFR, JEOFINT, &g,
BOKIE—, RS, db)IEZ
Formation of a Completely Continuous Nanomatrix Channel and Its Proton Conductivity
(The 1st International GIGAKU Conference in Nagaoka)
""""""""" Noriyuki Kado, Patjaree Suksawad, Yoshimasa Yamamoto, Seiichi Kawahara

3. TOft
(1) PHERE - PRE - BXE

I —IFAFEDBIES EH MRV AR ORREELBT~DEH
([t (EEZ2) S, HTZAEE K22, 2012.3) » ¢ ¢ ¢ o o o v o o v v e e e e e e e e e e e e e e e LR
BABHNIYES HEE 5% - ERHEICBTREHHEBICTSAFVIERAL-ED Y
.................................................. **:]-m
FIEAPFAVY—ITLNEFEERKRS (2011-12)
EEBFE REARRICBTIEMBISLIUCHAREICLIREIRENDEL
...................................... ‘,%‘;{:%Ej@” ﬁﬁﬁ* (*E%ﬁﬁ)
BA#HES AERPESE S RFPEEXEMBRERSEETS (2012-3) :
Best Presentation Award EEZENHEREYDRBIREICRIZIEHZT /NI ADEE - -« - - - KR, HEEfIR (FEEHE)
BFE ETE o HZRAVEENEREEDRSR
(FE3ERFa Y =T DNEFFAERES 2011.12) = + o o o o o0 oo oo o 0 o o o o A, BERE—
EFILE T—LavE BROBHINERNT T4 T NARIZET MR
(A ARANRE T2 BRSO E 5724 2011, 2011, 11)
............................. {jj@gﬁ(é&, %&}ng,:j\(’ ‘,%7'(%2, gﬁ%ﬁ’ ﬁ&}%—
FIEMRFZIVY—ITLNEIFRREOBRREEFTE WAHHEERO QRS MEICEET S FEM IS ABHFT O L58%5H
3 mkFary =7 ANTEFZA5ES, 2011, 12, pp. 184-185) + « o o ¢ o o o« KRG, =%, &WE
BB ESHIIL—TRIZEITHHEHNZORRBISESHTE, BEXRFS  HIEMFES (2011-12) HFEREEIEZE
............................................ **:]-ﬂlg’ VR#%'}[\

2011 FEMBREREERANRETY eS—— Ve FALEEEMEAAHBE DR
(A e~Learning 574S, 2011.12) = « ¢« + o o ¢ o o o o o e 0 o 0 o o 0 0 o BRI RN, FPOEAER, (L
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% 8 A AXK e-Learning KERFE SHERMAAHBBEDHD e —=2F DEEMEA
—FARUVETELZEFDEREICAIT-AF ILOEHRIE—
(e-Learning Awards 7 #—7 AFATEES / 7V VU A BV R AT A, 2011.11)
------ K-Skill (lEmsE, HWEEEE, \JTEE, KHSE, BHeE, BEsE, BMEE, f)llsg, B
R, iR (FFORXKER))
HE-FDZEERZTERE (BFERRE) MTHEELMFIZEEREOEEIZDONT
OMSTATEOE NEN. BB P A ok 23 NI TBRE N EE S HEE 7 4+ —7 L, 2011.8)
"""""""""""""" BO@KE, tESEH T, BEEEE, ErEE, MRS
ER 22 FEENSFEMERBEBEEFHMALFIESTE HEIHHNE) MCT DEBRBRLTNZEFALLEFTRE)
(MSEATBOE NERL @S MRS, 2011.8) « « « ¢ 0 v v v v v e v e e et s e e Laduli: b N: Y
REMHFERBXE TILSTBAREERITHEIAYV—FEROESERZEIL
([R] 2011, No.249, 191-194) = = = = = = = o o o o o o & PFIARS, &miis, EBFSE TFLE, 50

(2) HEHREMYE (FARREREE, HRARBES) F

BEICETIBBEORBLEFLENTELTE R L EEAM O LEMAL

RARIE(B) GREE ) 22320116 2011 L

------ HEE, HF=FEH, ALK, MEEY, JORER, TIKE, HILMT, K, RmE, ARk,

[iifge i

ZIEMFERICE T ORAFEEBIEOMRBALRNRA LICHE - EHEHR

%2 (B) FREEZE S 23760021 (2011 AEFE~ 2012 4FF) « o o o o o o o o o o 0 e e e e e e e e e .. BiBiEE
BEICETOIREREOHLIFLENNBELFTRRADHZEFRSLVECHAROES

L2 (B) FREEZE S 22730723 (2010 4~ 2012 4FEE) « o o o o o o o o o o o o o o o s o 0 0 e o0 o BER—F
EELKEOREHMREENET S, BERFILALZIEY—LERLICTIZLS %A

HAFOFE(C) FRER 5 23531035 (2011 4FFE~ 2013 4FfE)

----------------- PR, ARsE, HEARR, BRESE, et khuE2, RE—F
HIREROBMEEICET IRIEZMNAE

gaﬂ%ﬁ%(c) g;vgggg?% 20500901 (2008 EEN 201135};‘?) ....................... {EJ”IE*
T—ARAZVTERAVV-ARERXECBRETIVICKIFEESXEBHREAOHR

FARWFIE (C) FREFE 5 22500170 (2010 ARBE~ 2012 4RE) « » o v o v e 0 0 0 e e e BMAKA, LBXE, ARER

HRERBEDENZARIMVILERICE I REEDEWMER/NA T4 T BT DBHF
FARTSE (C) FREHZR 2 21560423 (2009 A4S~ 2011 4EJ%)

------------------ HATEM, /BRI, Gk, ook, ANE, tEREH HATS
BEEKFEOBRIRMEUREKRRCASBEDI=HDA—HRTOABF
%ﬁ{ﬂ%(@ ﬁ%%% 21550195 (2009 fﬁg’\/ 20115‘5};@ ....................... Bﬁ]’“;’Rﬁ

I)1—2a TS RATRKICKBE N T /MATFORREEREG R EMAREA DA
SETHAEE BIOREIERE PR EER RS r SN 74—V VT o 2ZF 4 [FS] 25—
&5 AS231702076C, 2012.4

................................................. bﬁE%ﬁ
(3) BrE
ILAR—A—DRTFHEBRVRAT L B 4729598

----------------- FR¥EsE, H)IOL, A, BEFE, A—sh, H B, SFARE, )ihE
BALTHEE BEE 5 1929299

--------------- BIEE, RWEEAN, HRUA, BHEKGE, ZHWW, RILESE, AFEAN, BHNES
ILAR—A%EE  BeE R 1951642

--------------- BRUA, BHEKIR, KEEA, HHEZ, BEFE, B0, Rk, Aa%EA

[ - BEESHR, hEAVWSEREIL, ERARTL—EERVERELAZX

WEFFES 4723627 %5 (2011. 4. 15) BERRFT HAE

-------------------- iz, BTAOR, SRHACRE, SaARFA, HHIER, dHEA, sl
[ - BBEARK, ThERVSEHEEIL, BRARTITL—EBERUVRESE

BEREFTE WEE RS 10-1081447 5 (2011, 11.02) BEREFF  wHE

-------------------- dedrsz, BFAOR, SRHARE, SaARFA, HWPIER, dHEA, Sl
Membrane—electrode assembly, electrolytic unit using the same, electrolytic water ejecting apparatus, and method of sterilization

BREREFTF KE UST, 964, 068 B2 (2011.6.21)

""" Noriyuki Kitaori, Kota Sekido, Genzo Yamane, Katsumi Hamaguchi, Hozumi Tanaka, Yoshinori Nishiki,

Tsuneto Furuta

BEMBAEE  APSET BARE  FREFAR 2011-78791 (ABF 2011.4.21) - - - - KI5, wEHACK, Kot dtir#z
FFBICITESHERE  S6E B No. 4923120 (2012.2.10) = =« « o o o o o o v v v o e L fE, #BRyEEE], BTEZE



139

BESARIYIADEESZE  BEEE R No. 4936273 (2012.3.2) + =« ¢+ o o o o o o o o000 0. ATKE, BTEE

(4) f&% - ;|R/—b - TvtbMF

ERER (RE) LFFFHR (B2 AL 20K (2009.12) « « 0 v v v e e e e e e e AFE (i)
s IR T DFYET—La BIEEHEBEETAR

(¥ —RmIpE Tt I ) — [RKe7ofxy sy — g LHEETH, 2011.7) « « « - - - b= 3 S
BEOMSAROD—EMEE - F /10 ToT—aVikIkd A EERDIC -

TAFI R Z AR Y—] 294 5, 2012.2, pp.26-28, + = = + = =+ o o o o o v et v bt et EEHBC
[The HE@tIa /80 2011 (2 TFRYUIEHEENRVDIZIEIRTESZD? | ZHELT

(TSEAJ Journalj 136 %’ 2012. 1, pp. 27729) ............................ %ﬂ(ﬂﬁ"lﬁ
IR FARELL - 2150 TER

CREHT « A LIEFLEE) « ¢ ¢ o o o o v o o o o o o vt v o o o o vt o oo o e et e e e e e e ENEAN

BRIHKE —Z2RERIICEIUFHRNATAT AKX
2011 FERE T —27 > a v THHBEFEOENTZ AT MAHEEBRINCES S MO EWEHRANA T 4 T
WO FPREED, 2012.3, pp. 19-28)

................................................. INETth
(£E) REMHZRZME [TILNEREZEC=RANERLEYICET SRR

FERFED 2011, No.246, (3) + o + o o o o o o o o o o o o o e o o o o o o o o o s o s o o o o o o o FRIARER
(B3 7h)&R —REBBERILEVORITE

(T/RFE] 2011, No.248, 96-101) =+ = + o « o o o o o o o o o o o o o o o o o o o o o o o o o o o o o FRIARER
BRUMPLEOHFZZRIEBNHLE

(M7 & B Vol. 60 No. 3 pp. 104-107 (2012.3.20) = + = + = =+ = o o e o o o v v ot 0 v v 0 v o ot T FH 5%
FronRRITBFEFORAB RV T OFREDHEL

(STATBOE NENL RSB MR [ BB 2 2011, 2011.9, p.21) =+ = =+ = o v o o o v oo o v s A

BIRIEEMEICLDREFE, T04 —BHIREMEICERLUZISRANRNSDILEME DB —

(TH/E == —A] 650, 2012.1, pp.15-25) - - - - JIiFfE S, Lallan P.Gupta, PTNERE, EERIR, #AKE, /NEFHEA
5 - BWEERII8ELFITBITE21 94—y DEEME

(WK'?I'?J 76, 2012.2, pp. 72_74) ................................. EEE]E



HRUCT S8 v A B P 2 T S E i o
H44 (1) =
PR 24 AR RE

PRk 24 4F 12 A 5 H38AT

MR B R LERSEMERNERES

L SR U S =/ A L 4
FHUHR AN EF-TAM T 1220 0 2
TEL ALY (042) 668—5111
T193-0997

(ST T VT v S wea g e S il S
BT T AT 3 - 13 -8
TEL (042) 368 —2001

The name of the journal has been changed from “Research
Reports of Tokyo National Technical College” into “Research Reports of

Tokyo National College of Technology” since the 1984 issue.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /@JustEditMark
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arisawa-Gyosho
    /Arisawa-Kaisho
    /Arisawashinpitsugyousyo
    /ArisawashinpitsugyousyoP
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /ASKaiSho-Bd
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScrD
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /Century-Bold
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Century-Light
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /CenturyOldstyleBold
    /CenturyOldStyle-Bold
    /CenturyOldstyle-Bold
    /CenturyOldstyleItalic
    /CenturyOldstyle-Italic
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturyOldstyleRoman
    /CenturyOldstyle-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Century-Ultra
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CRCandGBouquet
    /CRPCandGBouquet
    /CurlzMT
    /Daigo-W3-90msp-RKSJ-H
    /Daigo-W3-90ms-RKSJ-H
    /Daigo-W5-90msp-RKSJ-H
    /Daigo-W5-90ms-RKSJ-H
    /Daigo-W7-90msp-RKSJ-H
    /Daigo-W7-90ms-RKSJ-H
    /DCAiLineStd-W5
    /DCAiLine-W5-W3-WING-RKSJ-H
    /DCAiLine-W5-W3-WINP-RKSJ-H
    /DCAiLine-W5-W3-WIN-RKSJ-H
    /DCAiShadowStd-W5
    /DCAiShadow-W5-WING-RKSJ-H
    /DCAiShadow-W5-WINP-RKSJ-H
    /DCAiShadow-W5-WIN-RKSJ-H
    /DCAiStd-W5
    /DCAi-W5-WING-RKSJ-H
    /DCAi-W5-WINP-RKSJ-H
    /DCAi-W5-WIN-RKSJ-H
    /DCCrystalStd-W5
    /DCCrystal-W5-WING-RKSJ-H
    /DCCrystal-W5-WINP-RKSJ-H
    /DCCrystal-W5-WIN-RKSJ-H
    /DCHigeMojiStd-W5
    /DCHigeMoji-W5-WING-RKSJ-H
    /DCHigeMoji-W5-WINP-RKSJ-H
    /DCHigeMoji-W5-WIN-RKSJ-H
    /DCHoLeiShoStd-W3
    /DCHoLeiSho-W3-WING-RKSJ-H
    /DCHoLeiSho-W3-WINP-RKSJ-H
    /DCHoLeiSho-W3-WIN-RKSJ-H
    /DCInlineStd-W5
    /DCInline-W5-WING-RKSJ-H
    /DCInline-W5-WINP-RKSJ-H
    /DCInline-W5-WIN-RKSJ-H
    /DCKagoMojiStd-W12
    /DCKagoMoji-W12-WING-RKSJ-H
    /DCKagoMoji-W12-WINP-RKSJ-H
    /DCKagoMoji-W12-WIN-RKSJ-H
    /DCLeiKaiShoStd-W5
    /DCLeiKaiSho-W5-WING-RKSJ-H
    /DCLeiKaiSho-W5-WINP-RKSJ-H
    /DCLeiKaiSho-W5-WIN-RKSJ-H
    /DCYoseMojiStd-W7
    /DCYoseMoji-W7-WING-RKSJ-H
    /DCYoseMoji-W7-WINP-RKSJ-H
    /DCYoseMoji-W7-WIN-RKSJ-H
    /DFASKaiSho-Bd
    /DFASKaiSho-SB
    /DFBrushRDRT-W7-WIN-RKSJ-H
    /DFBrushRDStd-W12
    /DFBrushRDStd-W7
    /DFBrushRD-W12-WING-RKSJ-H
    /DFBrushRD-W12-WINP-RKSJ-H
    /DFBrushRD-W12-WIN-RKSJ-H
    /DFBrushRD-W7-WING-RKSJ-H
    /DFBrushRD-W7-WINP-RKSJ-H
    /DFBrushRD-W7-WIN-RKSJ-H
    /DFBrushSQStd-W12
    /DFBrushSQStd-W5
    /DFBrushSQStd-W9
    /DFBrushSQ-W12-WING-RKSJ-H
    /DFBrushSQ-W12-WINP-RKSJ-H
    /DFBrushSQ-W12-WIN-RKSJ-H
    /DFBrushSQ-W5-WING-RKSJ-H
    /DFBrushSQ-W5-WINP-RKSJ-H
    /DFBrushSQ-W5-WIN-RKSJ-H
    /DFBrushSQ-W9-WING-RKSJ-H
    /DFBrushSQ-W9-WINP-RKSJ-H
    /DFBrushSQ-W9-WIN-RKSJ-H
    /DFBunChoMin-W2-WING-RKSJ-H
    /DFBunChoMin-W2-WINP-RKSJ-H
    /DFBunChoMin-W2-WIN-RKSJ-H
    /DFBunChoMin-W4-WING-RKSJ-H
    /DFBunChoMin-W4-WINP-RKSJ-H
    /DFBunChoMin-W4-WIN-RKSJ-H
    /DFCraftDouStd-W3
    /DFCraftDou-W3-WING-RKSJ-H
    /DFCraftDou-W3-WINP-RKSJ-H
    /DFCraftDou-W3-WIN-RKSJ-H
    /DFCraftSumiStd-W9
    /DFCraftSumi-W9-WING-RKSJ-H
    /DFCraftSumi-W9-WINP-RKSJ-H
    /DFCraftSumi-W9-WIN-RKSJ-H
    /DFCraftYuKT-W7-WIN-RKSJ-H
    /DFCraftYuStd-W5
    /DFCraftYuStd-W7
    /DFCraftYu-W5-WING-RKSJ-H
    /DFCraftYu-W5-WINP-RKSJ-H
    /DFCraftYu-W5-WIN-RKSJ-H
    /DFCraftYu-W7-WING-RKSJ-H
    /DFCraftYu-W7-WINP-RKSJ-H
    /DFCraftYu-W7-WIN-RKSJ-H
    /DFDanKaiSho-W5-WING-RKSJ-H
    /DFDanKaiSho-W5-WINP-RKSJ-H
    /DFDanKaiSho-W5-WIN-RKSJ-H
    /DFEnEnA-W2-WING-RKSJ-H
    /DFEnEnA-W2-WINP-RKSJ-H
    /DFEnEnA-W2-WIN-RKSJ-H
    /DFEnEnA-W4-WING-RKSJ-H
    /DFEnEnA-W4-WINP-RKSJ-H
    /DFEnEnA-W4-WIN-RKSJ-H
    /DFEnEnB-W2-WING-RKSJ-H
    /DFEnEnB-W2-WINP-RKSJ-H
    /DFEnEnB-W2-WIN-RKSJ-H
    /DFEnEnB-W4-WING-RKSJ-H
    /DFEnEnB-W4-WINP-RKSJ-H
    /DFEnEnB-W4-WIN-RKSJ-H
    /DFEnKai-W10-WING-RKSJ-H
    /DFEnKai-W10-WINP-RKSJ-H
    /DFEnKai-W10-WIN-RKSJ-H
    /DFEnKai-W5-WING-RKSJ-H
    /DFEnKai-W5-WINP-RKSJ-H
    /DFEnKai-W5-WIN-RKSJ-H
    /DFEnKai-W8-WING-RKSJ-H
    /DFEnKai-W8-WINP-RKSJ-H
    /DFEnKai-W8-WIN-RKSJ-H
    /DFFreeRyusen-Lt-WING-RKSJ-H
    /DFFreeRyusen-Lt-WINP-RKSJ-H
    /DFFreeRyusen-Lt-WIN-RKSJ-H
    /DFFreeRyuSenStd-W2
    /DFFreeRyuSenStd-W3
    /DFFreeRyuSen-W3-WING-RKSJ-H
    /DFFreeRyuSen-W3-WINP-RKSJ-H
    /DFFreeRyuSen-W3-WIN-RKSJ-H
    /DFFreeRyuyou-Lt-WING-RKSJ-H
    /DFFreeRyuyou-Lt-WINP-RKSJ-H
    /DFFreeRyuyou-Lt-WIN-RKSJ-H
    /DFFreeRyuYouStd-W3
    /DFFuunStd-W12
    /DFFuunStd-W7
    /DFFuun-W12-WING-RKSJ-H
    /DFFuun-W12-WINP-RKSJ-H
    /DFFuun-W12-WIN-RKSJ-H
    /DFFuun-W7-WING-RKSJ-H
    /DFFuun-W7-WINP-RKSJ-H
    /DFFuun-W7-WIN-RKSJ-H
    /DFGaGei-W6-WING-RKSJ-H
    /DFGaGei-W6-WINP-RKSJ-H
    /DFGaGei-W6-WIN-RKSJ-H
    /DFGanKaiSho-W5-WING-RKSJ-H
    /DFGanKaiSho-W5-WINP-RKSJ-H
    /DFGanKaiSho-W5-WIN-RKSJ-H
    /DFGanKaiSho-W7-WING-RKSJ-H
    /DFGanKaiSho-W7-WINP-RKSJ-H
    /DFGanKaiSho-W7-WIN-RKSJ-H
    /DFGanKaiSho-W9-WING-RKSJ-H
    /DFGanKaiSho-W9-WINP-RKSJ-H
    /DFGanKaiSho-W9-WIN-RKSJ-H
    /DFGanShinKeiStd-W7
    /DFGanShinKei-W7-WING-RKSJ-H
    /DFGanShinKei-W7-WINP-RKSJ-H
    /DFGanShinKei-W7-WIN-RKSJ-H
    /DFGiHiStd-W7
    /DFGiHi-W7-WING-RKSJ-H
    /DFGiHi-W7-WINP-RKSJ-H
    /DFGiHi-W7-WIN-RKSJ-H
    /DFGothic-EB-WING-RKSJ-H
    /DFGothic-EB-WINP-RKSJ-H
    /DFGothic-EB-WIN-RKSJ-H
    /DFGothicKC-W14-WIN-RKSJ-H
    /DFGothicPStd-W2
    /DFGothicPStd-W3
    /DFGothicPStd-W5
    /DFGothicP-W2-WING-RKSJ-H
    /DFGothicP-W2-WINP-RKSJ-H
    /DFGothicP-W2-WIN-RKSJ-H
    /DFGothicP-W3-WING-RKSJ-H
    /DFGothicP-W3-WINP-RKSJ-H
    /DFGothicP-W3-WIN-RKSJ-H
    /DFGothicP-W5-WING-RKSJ-H
    /DFGothicP-W5-WINP-RKSJ-H
    /DFGothicP-W5-WIN-RKSJ-H
    /DFGothicStd-W10
    /DFGothicStd-W12
    /DFGothicStd-W14
    /DFGothic-SU-WING-RKSJ-H
    /DFGothic-SU-WINP-RKSJ-H
    /DFGothic-SU-WIN-RKSJ-H
    /DFGothic-UB-WING-RKSJ-H
    /DFGothic-UB-WINP-RKSJ-H
    /DFGothic-UB-WIN-RKSJ-H
    /DFGyoKaiSho-W5-WING-RKSJ-H
    /DFGyoKaiSho-W5-WINP-RKSJ-H
    /DFGyoKaiSho-W5-WIN-RKSJ-H
    /DFGyoSho-Lt-WING-RKSJ-H
    /DFGyoSho-Lt-WINP-RKSJ-H
    /DFGyoSho-Lt-WIN-RKSJ-H
    /DFGyoShoStd-W5
    /DFGyoSho-W3-WING-RKSJ-H
    /DFGyoSho-W3-WINP-RKSJ-H
    /DFGyoSho-W3-WIN-RKSJ-H
    /DFGyoSho-W7-WING-RKSJ-H
    /DFGyoSho-W7-WINP-RKSJ-H
    /DFGyoSho-W7-WIN-RKSJ-H
    /DFHei-Md-HK-BF
    /DFHei-Md-HKP-BF
    /DFHeiW5-A
    /DFHGKaiSho-W3-WING-RKSJ-H
    /DFHGKaiSho-W3-WINP-RKSJ-H
    /DFHGKaiSho-W3-WIN-RKSJ-H
    /DFHorrorA-W3-WING-RKSJ-H
    /DFHorrorA-W3-WINP-RKSJ-H
    /DFHorrorA-W3-WIN-RKSJ-H
    /DFHorrorA-W5-WING-RKSJ-H
    /DFHorrorA-W5-WINP-RKSJ-H
    /DFHorrorA-W5-WIN-RKSJ-H
    /DFHorrorB-W3-WING-RKSJ-H
    /DFHorrorB-W3-WINP-RKSJ-H
    /DFHorrorB-W3-WIN-RKSJ-H
    /DFHorrorB-W5-WING-RKSJ-H
    /DFHorrorB-W5-WINP-RKSJ-H
    /DFHorrorB-W5-WIN-RKSJ-H
    /DFHSGothicStd-W3
    /DFHSGothicStd-W5
    /DFHSGothicStd-W7
    /DFHSGothicStd-W9
    /DFHSGothic-W3-WING-RKSJ-H
    /DFHSGothic-W3-WINP-RKSJ-H
    /DFHSGothic-W3-WIN-RKSJ-H
    /DFHSGothic-W5-WING-RKSJ-H
    /DFHSGothic-W5-WINP-RKSJ-H
    /DFHSGothic-W5-WIN-RKSJ-H
    /DFHSGothic-W7-WING-RKSJ-H
    /DFHSGothic-W7-WINP-RKSJ-H
    /DFHSGothic-W7-WIN-RKSJ-H
    /DFHSGothic-W9-WING-RKSJ-H
    /DFHSGothic-W9-WINP-RKSJ-H
    /DFHSGothic-W9-WIN-RKSJ-H
    /DFHSMaruGothicStd-W4
    /DFHSMaruGothic-W4-WING-RKSJ-H
    /DFHSMaruGothic-W4-WINP-RKSJ-H
    /DFHSMaruGothic-W4-WIN-RKSJ-H
    /DFHSMinchoStd-W3
    /DFHSMinchoStd-W5
    /DFHSMinchoStd-W7
    /DFHSMinchoStd-W9
    /DFHSMincho-W3-WING-RKSJ-H
    /DFHSMincho-W3-WINP-RKSJ-H
    /DFHSMincho-W3-WIN-RKSJ-H
    /DFHSMincho-W5-WING-RKSJ-H
    /DFHSMincho-W5-WINP-RKSJ-H
    /DFHSMincho-W5-WIN-RKSJ-H
    /DFHSMincho-W7-WING-RKSJ-H
    /DFHSMincho-W7-WINP-RKSJ-H
    /DFHSMincho-W7-WIN-RKSJ-H
    /DFHSMincho-W9-WING-RKSJ-H
    /DFHSMincho-W9-WINP-RKSJ-H
    /DFHSMincho-W9-WIN-RKSJ-H
    /DFKaiSho-Bd-WING-RKSJ-H
    /DFKaiSho-Bd-WINP-RKSJ-H
    /DFKaiSho-Bd-WIN-RKSJ-H
    /DFKaiSho-Lt-WING-RKSJ-H
    /DFKaiSho-Lt-WINP-RKSJ-H
    /DFKaiSho-Lt-WIN-RKSJ-H
    /DFKaiSho-Md-WING-RKSJ-H
    /DFKaiSho-Md-WINP-RKSJ-H
    /DFKaiSho-Md-WIN-RKSJ-H
    /DFKaiSho-SB-WIN-RKSJ-H
    /DFKaiShoStd-W12
    /DFKaiShoStd-W14
    /DFKaiShoStd-W3
    /DFKaiShoStd-W5
    /DFKaiShoStd-W7
    /DFKaiShoStd-W9
    /DFKaiSho-SU-WING-RKSJ-H
    /DFKaiSho-SU-WINP-RKSJ-H
    /DFKaiSho-SU-WIN-RKSJ-H
    /DFKaiSho-UB-WING-RKSJ-H
    /DFKaiSho-UB-WINP-RKSJ-H
    /DFKaiSho-UB-WIN-RKSJ-H
    /DFKaiSho-XB-WING-RKSJ-H
    /DFKaiSho-XB-WINP-RKSJ-H
    /DFKakuPop-W5-WING-RKSJ-H
    /DFKakuPop-W5-WINP-RKSJ-H
    /DFKakuPop-W5-WIN-RKSJ-H
    /DFKakuPop-W7-WING-RKSJ-H
    /DFKakuPop-W7-WINP-RKSJ-H
    /DFKakuPop-W7-WIN-RKSJ-H
    /DFKakuPop-W9-WING-RKSJ-H
    /DFKakuPop-W9-WINP-RKSJ-H
    /DFKakuPop-W9-WIN-RKSJ-H
    /DFKakuTaiHi-W4-WING-RKSJ-H
    /DFKakuTaiHi-W4-WINP-RKSJ-H
    /DFKakuTaiHi-W4-WIN-RKSJ-H
    /DFKanTeiRyuFD-W9-WIN-RKSJ-H
    /DFKanTeiRyuStd-W9
    /DFKanTeiRyu-W11-WING-RKSJ-H
    /DFKanTeiRyu-W11-WINP-RKSJ-H
    /DFKanTeiRyu-W11-WIN-RKSJ-H
    /DFKanTeiRyu-W6-WING-RKSJ-H
    /DFKanTeiRyu-W6-WINP-RKSJ-H
    /DFKanTeiRyu-W6-WIN-RKSJ-H
    /DFKanTeiRyu-XB-WING-RKSJ-H
    /DFKanTeiRyu-XB-WINP-RKSJ-H
    /DFKanTeiRyu-XB-WIN-RKSJ-H
    /DFKinBunStd-W3
    /DFKinBun-W3-WING-RKSJ-H
    /DFKinBun-W3-WINP-RKSJ-H
    /DFKinBun-W3-WIN-RKSJ-H
    /DFKiSouKyu-W5-WING-RKSJ-H
    /DFKiSouKyu-W5-WINP-RKSJ-H
    /DFKiSouKyu-W5-WIN-RKSJ-H
    /DFKKaiShoA-W5-WING-RKSJ-H
    /DFKKaiShoA-W5-WINP-RKSJ-H
    /DFKKaiShoA-W5-WIN-RKSJ-H
    /DFKKaiShoB-W5-WING-RKSJ-H
    /DFKKaiShoB-W5-WINP-RKSJ-H
    /DFKKaiShoB-W5-WIN-RKSJ-H
    /DFKKaiShoC-W7-WING-RKSJ-H
    /DFKKaiShoC-W7-WINP-RKSJ-H
    /DFKKaiShoC-W7-WIN-RKSJ-H
    /DFKKaiSho-W5-WING-RKSJ-H
    /DFKKaiSho-W5-WINP-RKSJ-H
    /DFKKaiSho-W5-WIN-RKSJ-H
    /DFKKaiSho-W9-WING-RKSJ-H
    /DFKKaiSho-W9-WINP-RKSJ-H
    /DFKKaiSho-W9-WIN-RKSJ-H
    /DFKoInStd-W4
    /DFKoIn-W4-WING-RKSJ-H
    /DFKoIn-W4-WINP-RKSJ-H
    /DFKoIn-W4-WIN-RKSJ-H
    /DFKyoKaShoStd-W3
    /DFKyoKaShoStd-W4
    /DFKyoKaSho-W3-WING-RKSJ-H
    /DFKyoKaSho-W3-WINP-RKSJ-H
    /DFKyoKaSho-W3-WIN-RKSJ-H
    /DFKyoKaSho-W4-WING-RKSJ-H
    /DFKyoKaSho-W4-WINP-RKSJ-H
    /DFKyoKaSho-W4-WIN-RKSJ-H
    /DFLeiGaSoStd-W9
    /DFLeiGaSo-W5-WING-RKSJ-H
    /DFLeiGaSo-W5-WINP-RKSJ-H
    /DFLeiGaSo-W5-WIN-RKSJ-H
    /DFLeiGaSo-W7-WING-RKSJ-H
    /DFLeiGaSo-W7-WINP-RKSJ-H
    /DFLeiGaSo-W7-WIN-RKSJ-H
    /DFLeiGaSo-W9-WING-RKSJ-H
    /DFLeiGaSo-W9-WINP-RKSJ-H
    /DFLeiGaSo-W9-WIN-RKSJ-H
    /DFLeiSho-SB-WING-RKSJ-H
    /DFLeiSho-SB-WINP-RKSJ-H
    /DFLeiSho-SB-WIN-RKSJ-H
    /DFLeiShoStd-W5
    /DFMaruGothic-Bd-WING-RKSJ-H
    /DFMaruGothic-Bd-WINP-RKSJ-H
    /DFMaruGothic-Bd-WIN-RKSJ-H
    /DFMaruGothicFD-W9-WIN-RKSJ-H
    /DFMaruGothic-Lt-WING-RKSJ-H
    /DFMaruGothic-Lt-WINP-RKSJ-H
    /DFMaruGothic-Lt-WIN-RKSJ-H
    /DFMaruGothic-Md-WING-RKSJ-H
    /DFMaruGothic-Md-WINP-RKSJ-H
    /DFMaruGothic-Md-WIN-RKSJ-H
    /DFMaruGothic-SB-WING-RKSJ-H
    /DFMaruGothic-SB-WINP-RKSJ-H
    /DFMaruGothic-SB-WIN-RKSJ-H
    /DFMaruGothicStd-W12
    /DFMaruGothicStd-W14
    /DFMaruGothicStd-W3
    /DFMaruGothicStd-W5
    /DFMaruGothicStd-W7
    /DFMaruGothicStd-W9
    /DFMaruGothic-SU-WING-RKSJ-H
    /DFMaruGothic-SU-WINP-RKSJ-H
    /DFMaruGothic-SU-WIN-RKSJ-H
    /DFMaruGothic-UB-WING-RKSJ-H
    /DFMaruGothic-UB-WINP-RKSJ-H
    /DFMaruGothic-UB-WIN-RKSJ-H
    /DFMaruMojiKT-W7-WIN-RKSJ-H
    /DFMaruMoji-SL-WING-RKSJ-H
    /DFMaruMoji-SL-WINP-RKSJ-H
    /DFMaruMoji-SL-WIN-RKSJ-H
    /DFMaruMojiStd-W3
    /DFMaruMojiStd-W5
    /DFMaruMojiStd-W7
    /DFMaruMojiStd-W9
    /DFMaruMoji-W3-WING-RKSJ-H
    /DFMaruMoji-W3-WINP-RKSJ-H
    /DFMaruMoji-W3-WIN-RKSJ-H
    /DFMaruMoji-W7-WING-RKSJ-H
    /DFMaruMoji-W7-WINP-RKSJ-H
    /DFMaruMoji-W7-WIN-RKSJ-H
    /DFMaruMoji-W9-WING-RKSJ-H
    /DFMaruMoji-W9-WINP-RKSJ-H
    /DFMaruMoji-W9-WIN-RKSJ-H
    /DFMinchoPStd-W3
    /DFMinchoPStd-W5
    /DFMinchoP-W3-WING-RKSJ-H
    /DFMinchoP-W3-WINP-RKSJ-H
    /DFMinchoP-W3-WIN-RKSJ-H
    /DFMinchoP-W5-WING-RKSJ-H
    /DFMinchoP-W5-WINP-RKSJ-H
    /DFMinchoP-W5-WIN-RKSJ-H
    /DFMinchoStd-W12
    /DFMinchoStd-W14
    /DFMincho-SU-WING-RKSJ-H
    /DFMincho-SU-WINP-RKSJ-H
    /DFMincho-SU-WIN-RKSJ-H
    /DFMincho-UB-WING-RKSJ-H
    /DFMincho-UB-WINP-RKSJ-H
    /DFMincho-UB-WIN-RKSJ-H
    /DFMing-Lt-HK-BF
    /DFMing-Lt-HKP-BF
    /DFOYoJunStd-W5
    /DFOYoJun-W5-WING-RKSJ-H
    /DFOYoJun-W5-WINP-RKSJ-H
    /DFOYoJun-W5-WIN-RKSJ-H
    /DFPASKaiSho-Bd
    /DFPASKaiSho-SB
    /DFPenJi-W2-WING-RKSJ-H
    /DFPenJi-W2-WINP-RKSJ-H
    /DFPenJi-W2-WIN-RKSJ-H
    /DFPenJi-W4-WING-RKSJ-H
    /DFPenJi-W4-WINP-RKSJ-H
    /DFPenJi-W4-WIN-RKSJ-H
    /DFPOP1KT-W7-WIN-RKSJ-H
    /DFPOP1-SB-WING-RKSJ-H
    /DFPOP1-SB-WINP-RKSJ-H
    /DFPOP1-SB-WIN-RKSJ-H
    /DFPOP1Std-W12
    /DFPOP1Std-W3
    /DFPOP1Std-W5
    /DFPOP1Std-W7
    /DFPOP1Std-W9
    /DFPOP1-W12-WING-RKSJ-H
    /DFPOP1-W12-WINP-RKSJ-H
    /DFPOP1-W12-WIN-RKSJ-H
    /DFPOP1-W3-WING-RKSJ-H
    /DFPOP1-W3-WINP-RKSJ-H
    /DFPOP1-W3-WIN-RKSJ-H
    /DFPOP1-W5-WING-RKSJ-H
    /DFPOP1-W5-WINP-RKSJ-H
    /DFPOP1-W5-WIN-RKSJ-H
    /DFPOP1-W9-WING-RKSJ-H
    /DFPOP1-W9-WINP-RKSJ-H
    /DFPOP1-W9-WIN-RKSJ-H
    /DFPOP2Std-W12
    /DFPOP2Std-W9
    /DFPOP2-W12-WING-RKSJ-H
    /DFPOP2-W12-WINP-RKSJ-H
    /DFPOP2-W12-WIN-RKSJ-H
    /DFPOP2-W9-WING-RKSJ-H
    /DFPOP2-W9-WINP-RKSJ-H
    /DFPOP2-W9-WIN-RKSJ-H
    /DFPOPClipRT-W7-WIN-RKSJ-H
    /DFPOPClipStd-W7
    /DFPOPClip-W7-WING-RKSJ-H
    /DFPOPClip-W7-WINP-RKSJ-H
    /DFPOPClip-W7-WIN-RKSJ-H
    /DFPOPCornStd-W12
    /DFPOPCornStd-W7
    /DFPOPCorn-W12-WING-RKSJ-H
    /DFPOPCorn-W12-WINP-RKSJ-H
    /DFPOPCorn-W12-WIN-RKSJ-H
    /DFPOPCorn-W7-WING-RKSJ-H
    /DFPOPCorn-W7-WINP-RKSJ-H
    /DFPOPCorn-W7-WIN-RKSJ-H
    /DFPOPMix-W3-WING-RKSJ-H
    /DFPOPMix-W3-WINP-RKSJ-H
    /DFPOPMix-W3-WIN-RKSJ-H
    /DFPOPMix-W4-WING-RKSJ-H
    /DFPOPMix-W4-WINP-RKSJ-H
    /DFPOPMix-W4-WIN-RKSJ-H
    /DFPOPMix-W5-WING-RKSJ-H
    /DFPOPMix-W5-WINP-RKSJ-H
    /DFPOPMix-W5-WIN-RKSJ-H
    /DFPOPStencilFD-W7-WIN-RKSJ-H
    /DFPOPStencilStd-W7
    /DFPOPStencil-W7-WING-RKSJ-H
    /DFPOPStencil-W7-WINP-RKSJ-H
    /DFPOPStencil-W7-WIN-RKSJ-H
    /DFPSSNGyoSho-W5
    /DFRenRenA-W2-WING-RKSJ-H
    /DFRenRenA-W2-WINP-RKSJ-H
    /DFRenRenA-W2-WIN-RKSJ-H
    /DFRenRenA-W4-WING-RKSJ-H
    /DFRenRenA-W4-WINP-RKSJ-H
    /DFRenRenA-W4-WIN-RKSJ-H
    /DFRenRenB-W2-WING-RKSJ-H
    /DFRenRenB-W2-WINP-RKSJ-H
    /DFRenRenB-W2-WIN-RKSJ-H
    /DFRenRenB-W4-WING-RKSJ-H
    /DFRenRenB-W4-WINP-RKSJ-H
    /DFRenRenB-W4-WIN-RKSJ-H
    /DFRuLeiAStd-W5
    /DFRuLeiAStd-W9
    /DFRuLeiA-W5-WING-RKSJ-H
    /DFRuLeiA-W5-WINP-RKSJ-H
    /DFRuLeiA-W5-WIN-RKSJ-H
    /DFRuLeiA-W9-WING-RKSJ-H
    /DFRuLeiA-W9-WINP-RKSJ-H
    /DFRuLeiA-W9-WIN-RKSJ-H
    /DFRuLeiStd-W5
    /DFRuLeiStd-W7
    /DFRuLei-W5-WING-RKSJ-H
    /DFRuLei-W5-WINP-RKSJ-H
    /DFRuLei-W5-WIN-RKSJ-H
    /DFRuLei-W7-WING-RKSJ-H
    /DFRuLei-W7-WINP-RKSJ-H
    /DFRuLei-W7-WIN-RKSJ-H
    /DFRyuSekiStd-W9
    /DFRyuSeki-W9-WING-RKSJ-H
    /DFRyuSeki-W9-WINP-RKSJ-H
    /DFRyuSeki-W9-WIN-RKSJ-H
    /DFShinTenStd-W5
    /DFShinTenStd-W7
    /DFShinTen-W5-WING-RKSJ-H
    /DFShinTen-W5-WINP-RKSJ-H
    /DFShinTen-W5-WIN-RKSJ-H
    /DFShinTen-W7-WING-RKSJ-H
    /DFShinTen-W7-WINP-RKSJ-H
    /DFShinTen-W7-WIN-RKSJ-H
    /DFSinSoStd-W3
    /DFSinSo-W3-WING-RKSJ-H
    /DFSinSo-W3-WINP-RKSJ-H
    /DFSinSo-W3-WIN-RKSJ-H
    /DFSMGothic-Lt-WING-RKSJ-H
    /DFSMGothic-Lt-WINP-RKSJ-H
    /DFSMGothic-Lt-WIN-RKSJ-H
    /DFSMGothicStd-W2
    /DFSNGyoShoStd-W5
    /DFSNGyoSho-W5-WING-RKSJ-H
    /DFSNGyoSho-W5-WINP-RKSJ-H
    /DFSNGyoSho-W5-WIN-RKSJ-H
    /DFSoGeiKC-W9-WIN-RKSJ-H
    /DFSoGeiStd-W5
    /DFSoGeiStd-W7
    /DFSoGeiStd-W9
    /DFSoGei-W5-WING-RKSJ-H
    /DFSoGei-W5-WINP-RKSJ-H
    /DFSoGei-W5-WIN-RKSJ-H
    /DFSoGei-W7-WING-RKSJ-H
    /DFSoGei-W7-WINP-RKSJ-H
    /DFSoGei-W7-WIN-RKSJ-H
    /DFSoGei-W9-WING-RKSJ-H
    /DFSoGei-W9-WINP-RKSJ-H
    /DFSoGei-W9-WIN-RKSJ-H
    /DFSoKaiShoStd-W7
    /DFSoKaiSho-W7-WING-RKSJ-H
    /DFSoKaiSho-W7-WINP-RKSJ-H
    /DFSoKaiSho-W7-WIN-RKSJ-H
    /DFSoKingStd-W3
    /DFSoKing-W3-WING-RKSJ-H
    /DFSoKing-W3-WINP-RKSJ-H
    /DFSoKing-W3-WIN-RKSJ-H
    /DFSongW3-A
    /DFSSNGyoSho-W5
    /DFSumoStd-W12
    /DFSumo-W12-WING-RKSJ-H
    /DFSumo-W12-WINP-RKSJ-H
    /DFSumo-W12-WIN-RKSJ-H
    /DFTFLeiShoStd-W5
    /DFTFLeiShoStd-W7
    /DFTFLeiShoStd-W9
    /DFTFLeiSho-W5-WING-RKSJ-H
    /DFTFLeiSho-W5-WINP-RKSJ-H
    /DFTFLeiSho-W5-WIN-RKSJ-H
    /DFTFLeiSho-W7-WING-RKSJ-H
    /DFTFLeiSho-W7-WINP-RKSJ-H
    /DFTFLeiSho-W7-WIN-RKSJ-H
    /DFTFLeiSho-W9-WING-RKSJ-H
    /DFTFLeiSho-W9-WINP-RKSJ-H
    /DFTFLeiSho-W9-WIN-RKSJ-H
    /DFYuGaSo-W3-WING-RKSJ-H
    /DFYuGaSo-W3-WINP-RKSJ-H
    /DFYuGaSo-W3-WIN-RKSJ-H
    /DFYuGaSo-W5-WING-RKSJ-H
    /DFYuGaSo-W5-WINP-RKSJ-H
    /DFYuGaSo-W5-WIN-RKSJ-H
    /DFYuGaSo-W7-WING-RKSJ-H
    /DFYuGaSo-W7-WINP-RKSJ-H
    /DFYuGaSo-W7-WIN-RKSJ-H
    /DHGyoSho-Lt-WINP-RKSJ-H
    /DHHSGothic-W5-WINP-RKSJ-H
    /DHHSMincho-W3-WINP-RKSJ-H
    /DHHSMincho-W7-WINP-RKSJ-H
    /DHPGothic-EB-WIN-RKSJ-H
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EmbassyJS
    /EngraversMT
    /EPSON-FUTO-GYOSHO
    /EPSON-FUTO-KAKUGO
    /EPSON-FUTO-MARUGO
    /EPSON-FUTO-MINCHO
    /EPSON-GYOSHO
    /EPSON-KAISHO
    /EPSON-KYOKASHO
    /EPSON-MARUGO
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FA-GothicB
    /FA-KyokashoM
    /FA-ReishoM
    /FA-RoundGothicM
    /FA-ZuihituGyoshoM
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FrakturJS
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FutoGoB101Pro-Bold
    /FutoMinA101Pro-Bold
    /Futura-Bold
    /Futura-Book
    /Futura-BookItalic
    /Futura-Heavy
    /Futura-Light
    /Futura-Medium
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /GauFontKana0816
    /GauFontRootNormal
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic720-BoldB
    /Gothic720-ItalicB
    /Gothic720-RomanB
    /GothicBBBPro-Medium
    /GothicMB101Pro-Bold
    /GothicMB101Pro-Heavy
    /GothicMB101Pro-Ultra
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Gyoseki-Gyosho
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HGAkaneHeiseiMarugoW8
    /HGAkaneHeiseiMarugoW8L
    /HGAkaneHeiseiMarugoW8S
    /HGArisawaKaishotai
    /HGBouquet
    /HGChibaPenjitai
    /HGEdomojiKanteiryu
    /HGGothicE
    /HGGothicM
    /HGGyokoku
    /HGGyoshotai
    /HGHagoromoB
    /HGHagoromoE
    /HGHagoromoL
    /HGHagoromoM
    /HGHakushuFutoKaishotai
    /HGHakushuGokubutoKaishotai
    /HGHakushuGyososhotai
    /HGHakushuPenkaishotai
    /HGHanKointai
    /HGHeiseiKakugothictaiW3
    /HGHeiseiKakugothictaiW5
    /HGHeiseiKakugothictaiW7
    /HGHeiseiKakugothictaiW9
    /HGHeiseiKakugoW9L
    /HGHeiseiKakugoW9S
    /HGHeiseiMarugothictaiW4
    /HGHeiseiMarugothictaiW8
    /HGHeiseiMarugothictaiW8L
    /HGHeiseiMarugothictaiW8S
    /HGHeiseiMinchotaiW3
    /HGHeiseiMinchotaiW9
    /HGHeiseiMinchotaiW9L
    /HGHeiseiMinchotaiW9S
    /HGKyokashotai
    /HGKyokusuiE
    /HGKyokusuiM
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPArisawaKaishotai
    /HGPBouquet
    /HGPEdomojiKanteiryu
    /HGPGothicE
    /HGPGothicM
    /HGPGyokoku
    /HGPGyoshotai
    /HGPHakushuFutoKaishotai
    /HGPHakushuGokubutoKaishotai
    /HGPHakushuGyososhotai
    /HGPHakushuPenkaishotai
    /HGPHanKointai
    /HGPHeiseiKakugothictaiW3
    /HGPHeiseiKakugothictaiW5
    /HGPHeiseiKakugothictaiW7
    /HGPHeiseiKakugothictaiW9
    /HGPHeiseiMarugothictaiW4
    /HGPHeiseiMarugothictaiW8
    /HGPHeiseiMinchotaiW3
    /HGPHeiseiMinchotaiW9
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPReithic
    /HGPrettyFrankH
    /HGPrettyFrankHL
    /HGPrettyFrankHS
    /HGPSeikaishotai
    /HGPSoeiIorishotai
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiMarupoptai
    /HGPSoeiPenjitai
    /HGPSoeiPresenceEB
    /HGPSyounanGyoshotai
    /HGReithic
    /HGSArisawaKaishotai
    /HGSBouquet
    /HGSEdomojiKanteiryu
    /HGSeikaishotai
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyokoku
    /HGSGyoshotai
    /HGSHakushuFutoKaishotai
    /HGSHakushuGokubutoKaishotai
    /HGSHakushuGyososhotai
    /HGSHakushuPenkaishotai
    /HGSHanKointai
    /HGSHeiseiKakugothictaiW3
    /HGSHeiseiKakugothictaiW5
    /HGSHeiseiKakugothictaiW7
    /HGSHeiseiKakugothictaiW9
    /HGSHeiseiMarugothictaiW4
    /HGSHeiseiMarugothictaiW8
    /HGSHeiseiMinchotaiW3
    /HGSHeiseiMinchotaiW9
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiIorishotai
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiMarupoptai
    /HGSoeiPenjitai
    /HGSoeiPresenceEB
    /HGSReithic
    /HGSSeikaishotai
    /HGSSoeiIorishotai
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiMarupoptai
    /HGSSoeiPenjitai
    /HGSSoeiPresenceEB
    /HGSSyounanGyoshotai
    /HGSyounanGyoshotai
    /HGTakahashiFudekaishotai
    /HGTakahashiReishotai
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HiraginoGyoDS-W4-90msp-RKSJ-H
    /HiraginoGyoDS-W4-90ms-RKSJ-H
    /HiraginoGyoDS-W8-90msp-RKSJ-H
    /HiraginoGyoDS-W8-90ms-RKSJ-H
    /HiraKakuPro-W3
    /HiraKakuPro-W6
    /HiraKakuStd-W8
    /HiraMaruPro-W4
    /HiraMinPro-W3
    /HiraMinPro-W6
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Iwata-Futomaru-Gothic
    /Jokerman-Regular
    /JSGothic-Md
    /JSHSMinchoU-W3-WIN-RKSJ-H
    /JSMincho-Lt
    /JSPGothic-Md
    /JSPMincho-Lt
    /JSSGothic-Md
    /JSSMincho-Lt
    /JuiceITC-Regular
    /Jun101Pro-Light
    /Jun201Pro-Regular
    /Jun34Pro-Medium
    /Jun501Pro-Bold
    /JustEditMark
    /JustHalfMark
    /JustHalfMarkG
    /JustKanaMark
    /JustKanaMarkG
    /JustOubunMark
    /JustOubunMarkG
    /JustUnitMark
    /JustUnitMarkG
    /JustWabunMark
    /JustWabunMarkG
    /Kartika
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /KyokaICAPro-Light
    /KyokaICAPro-Medium
    /KyokaICAPro-Regular
    /KyokashotaiEG-Medium-SJIS
    /KyokashotaiEGP-Medium-SJIS
    /Latha
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MatchtaiEG-Bold-SJIS
    /MatchtaiEGP-Bold-SJIS
    /MatissePro-B
    /MatissePro-DB
    /MatissePro-EB
    /MatissePro-L
    /MatissePro-M
    /MatissePro-UB
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftSansSerif
    /MidashiGoPro-MB31
    /MidashiMinPro-MA31
    /MingLiU
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinIWA-Bd-V3
    /MinIWA-Hv-V3
    /MinIWA-Lt-V3
    /MinIWA-Md-V3
    /MinIWA-Th-V3
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NewRodinPro-B
    /NewRodinPro-EB
    /NewRodinPro-M
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NIS-AGM-83pv-RKSJ-H
    /NIS-AGM-RKSJ-H
    /NIS-aya-83pv-RKSJ-H
    /NIS-aya-RKSJ-H
    /NIS-EDO-83pv-RKSJ-H
    /NIS-EDO-RKSJ-H
    /NIS-HEM3P-83pv-RKSJ-H
    /NIS-HEM3PP-83pv-RKSJ-H
    /NIS-HEM3PP-RKSJ-H
    /NIS-HEM3P-RKSJ-H
    /NIS-HEM9-83pv-RKSJ-H
    /NIS-HEM9-RKSJ-H
    /NIS-KB-83pv-RKSJ-H
    /NIS-KB-RKSJ-H
    /NIS-KEB-83pv-RKSJ-H
    /NIS-KEB-RKSJ-H
    /NIS-KOI-83pv-RKSJ-H
    /NIS-KOI-RKSJ-H
    /NIS-M7-83pv-RKSJ-H
    /NIS-M7-RKSJ-H
    /NIS-M8-83pv-RKSJ-H
    /NIS-M8-RKSJ-H
    /NIS-MAI-83pv-RKSJ-H
    /NIS-MAI-RKSJ-H
    /NIS-NBK-83pv-RKSJ-H
    /NIS-NBK-RKSJ-H
    /NIS-NKYO-83pv-RKSJ-H
    /NIS-NKYO-RKSJ-H
    /NIS-R1-83pv-RKSJ-H
    /NIS-R1P-83pv-RKSJ-H
    /NIS-R1P-RKSJ-H
    /NIS-R1-RKSJ-H
    /NIS-R8-83pv-RKSJ-H
    /NIS-R8-RKSJ-H
    /NIS-S3-83pv-RKSJ-H
    /NIS-S3-RKSJ-H
    /NIS-S6-83pv-RKSJ-H
    /NIS-S6-RKSJ-H
    /NIS-S8-83pv-RKSJ-H
    /NIS-S8-RKSJ-H
    /NIS-WINKS-J1-M1-83pv-RKSJ-H
    /NIS-WINKS-J1-M1-RKSJ-H
    /NIS-WINKS-J5-M5-83pv-RKSJ-H
    /NIS-WINKS-J5-M5-RKSJ-H
    /NIS-WINKS-J9-M9-83pv-RKSJ-H
    /NIS-WINKS-J9-M9-RKSJ-H
    /NIS-WINKS-V1-M1-83pv-RKSJ-H
    /NIS-WINKS-V1-M1-RKSJ-H
    /NIS-WINKS-V5-M5-83pv-RKSJ-H
    /NIS-WINKS-V5-M5-RKSJ-H
    /NIS-WINKS-V9-M9-83pv-RKSJ-H
    /NIS-WINKS-V9-M9-RKSJ-H
    /NIS-ZEDO-83pv-RKSJ-H
    /NIS-ZEDO-RKSJ-H
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRA
    /OCRAExtended
    /OCRAStd
    /OCRB
    /OCRB-Alternate
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /PensinkaiEG-Light-SJIS
    /PensinkaiEGP-Light-SJIS
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RGothIWA-Md-V3
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RodinPro-B
    /RosewoodStd-Regular
    /RyuminPro-Bold
    /RyuminPro-Heavy
    /RyuminPro-Light
    /RyuminPro-Medium
    /RyuminPro-Regular
    /RyuminPro-Ultra
    /Samurai
    /ScriptMTBold
    /Segoe
    /Segoe-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeichoShonanGyoshoEX
    /SeichoShonanGyoshoEXP
    /SeuratPro-B
    /ShinGoPro-Bold
    /ShinGoPro-Heavy
    /ShinGoPro-Light
    /ShinGoPro-Medium
    /ShinGoPro-Regular
    /ShinGoPro-Ultra
    /ShinseiKaiPro-CBSK1
    /ShonanGyoshotai
    /Shonan-Gyoshotai
    /ShonanGyoshotaiP
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /VD-LogoMaru-Ultra-G
    /VD-LogoMaru-Ultra-P
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YentiEG-Medium-SJIS
    /YentiEGP-Medium-SJIS
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 839.055]
>> setpagedevice




