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Preparation of peptidoglycan from Lactobacillus fermentum and analysis of
amino acids contained in it using GC-MS

by

Kazuyoshi KAWAHARA
Sho NOGUCHI
Sakura ONOUE

2 g

Lactobacillus fermentum 1%, D Lactobacillus WFEDXTF K27 ) By (PG) BV T I/EELTY VY (Lys) RV7I /K
A Vg (DAP) 2BATHSDIZRLT, PGHOYT I VEELTAHL=FY (Orm) 2FATHIE VI REOWELA
LT3, L. fermentum O PG 27N 9 HPEHEEVE %2 D Lactobacillus #FED PG & ik % 72812, L. fermentum O PG % F4#Hl
L, VYF— 2B TaELL, ZOMMEEL7 I VB EHCTHENE 73 VBOE7TF LI A7), N-tY)7)Lra7r
EFUFBBRIZLTCH A OV V5T 4 — /Y AAXZ bai b)) — (GC-MS) THH L7z WEALL 72 L. fermentum @O PG
WZFEARICFRELL 72 L. plantarum PG & LT, PG 2K T2 7 I V72T T AL, o7 I VBRIV O0EA TV
O, RIEEEEZ LMD L VISOVBEMRALTWE EE L 6N, ZOWMKEDKER, Lactobacillus IKFED PG DRI %
g 5720121, PG OFFSL ARG 20N H 5 Z LRIz, &k, GC-MS ZHriZH T L. fermentum PG IZEE N
% Orn DFEERIE T 2755 F Vg (Asp) DFEREFEEN TE RN DA 572728, 0rn % Asp & 78EL THRINT 572012,
AFILITZTI, N- b)) TAra7 -t FIahBknfif] .

Abstract

Among Lactobacillus species, Lactobacillus fermentum has a unique position because it contains ornithine (Orn) in peptidoglycan (PG) as
diamino acid instead of lysine (Lys) or diaminopimelic acid (DAP), which are the constituents of that of other Lactobacillus species. In order to
compare the immunostimulating activity of PG from L. fermentum with those of other Lactobacillus species, PG of L. fermentum was prepared,
solubilized by lysozyme treatment, and its purity was determined by the amino acid analysis. The amino acids were analyzed by gas-liquid chro-
matography/mass spectrometry (GC-MS) in the form of butyl ester, N-trifluoroacetyl derivatives. Compared with L. plantarum PG prepared by
the same procedure, the solubilized PG of L. fermentum still contained several amino acids in addition to those of PG constituents, indicating that
it is contaminated with some proteins that may have the immunostimulating activity. The present study suggested that the preparation procedure
of PG should be improved for the comparative immunoactivity study of Lactobacillus PG. In GC-MS analysis, the butyl ester, N-trifluoroacetyl
derivative of Orn from L. fermentum PG could not be separated from that of aspartic acid (Asp) present in the same PG. To solve this problem,

methyl ester, N-trifluoroacetyl derivative was used to detect Orn separately from Asp.

Key Words: peptidoglycan, amino acids, GC-MS, Lactobacillus fermentum
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1. ¥

Wi oMlaEEIiE, 2Lay I yoEEk (N-71F
LN IVEN-THFILLT I VEE) 2K -
EZNITHEA LA ) IRTF PRI EREXTF 7Y H
v (PG) BTFELTH D, oG 2B ED, WEk% R
TARE A S TS, BHD, 75 ABYEMTE T2 PG 08
WEL RTF FEEVEM L RIEHEEE-> T3 2 e
Mo T3, PGIZRIEFSY CRIEEESR T ¥ 2
INYV NI E O S bk R A R T IR oy & L
THEL PSR SN T | SRk > THREH S Ml
MOV T4 —Td5 Nodlb KU Nod2iZ & DBk h T,
FIEVES A b A VEEEERT, WERISEEMLT 5 Z
EHRRIEND XSk 572", Nod2Z#lik & B b HALE
N-TEFNLLTIVEE (SRLUICHBAREALEZN-TEF L
LAY IY) OFBBFIHEELLZL-TI=vED-A
VILEIY (LT INVYXRTF K, MDP) TH5Z &M
broTnd, —J, NodlidD-4 VL ZIVEDT I
¥ x ) Vi (DAP) »HEa L7V X7 F F (E-DAP) %##
WUT, REBWYA A VEEANEEL ZEBHE NI
BoTWa, L ZAH, & TOMEERA DAP #4 L T\
ZIRTIE L VD, PCOMHIZE->T, PGHEWWEZD
ER A REE AR T RISIEE BV A H B D TR BV LEE LD
h5.

KA r s oBMEMED > 5 MBI ZILBETDH 3
Lactobacillus J&DMIE %2 FIWT PG OH§E & G2 EIcE 4
LW9E & 4T > TN B B, Lactobacillus JEMIE Tl PG 12 DAP
EFHLTWBDORDBIRTH D, Kifrid DAP b b
DOYT7IEBELTL-VY Y (Lys) LTS, X5
12 L. fermentum Tl&, V7 I /L TCEXL-AL=F
(Orn) #HLTCVWBZEREEENTVEY. 22 TRAE,
Lactobacillus PG IZEEN 2V 7 I VBORHE S A N H A4
VA REAE DR X QR ICER 2 S, 2 EhO PG
ARG IEED I 24T > T & 72,

PG ORENMEEFN S EClEE 55 0D1E, PG KSR
WHETHDFDBEE LN &, BXUPG 0@ T PG
LRBEDH A N I A VREEFEEVE AR ) RS F FY g
RATBABEENESNZ & TH B, ZOMEE RIS 57280
IZRAZZINETOMET, PGEY Y F—LTHHEL, B
SRy AR UM 5 Z e THiEfb T A Z LickIL. 20
O BEETRONBAEL PGIEZ VSV HEIZEALER
FHEVIENEL, PGCOWHEEILKT 5B e LTEL T
W3 ZEWNbhIo5TWS, % Z T Lactobacillus D 3 #fdE (L.
brevis, L. plantarum, L. fermentum) » 5136 W 7=0[i5{t PG
D IL-8PEA BB M A2 MIE LILIR L 72 & 2 A, L. fermentum
HRD PG O AHMLO 2 WK PG & IR TEWEE R T
LW BEAGERAESNEY. ZOBENZ, L. fermentum
DPGIZEENS O BHEMEICHG L TWE D, Hb0E
O 7230B Mt D PG IZHENRT Y ERTFF FO & 5 a4
T2 VN0 BELLGUNTHIEELON. ZT

i

TAMETIE, #Arua~v b 5371 — (GLC) BLUH
20w V5T 44—/ AAXRYZ bua i b — (GC-MS)
EHOWZT I 2BAMICED PGRRIhO 7 I /e ER
L, dBlOMEEFHNE Z &IZL 7.

2. M¥EtEFE
2—1 (FERAEKREEERE

PG @ 3 #1121 L. plantarum NBRC 30708k ¥ X O° L.
Sfermentum NBRC 15885kk # H W\ 72. Z 1 &5 @ I ¥k #
Lactobacilli MRS Broth (Becton, Dickinson and Company,
Sparks, MD, USA) % H\T30C T24 hr, k& HE#EL 7=

2—2 HPGOHREN

PG OFEBEUIBEH" 2GR L AT - . KifEHhkx
FOTHEC K DD, ZARAKRT L 2212, #9100 ml
RIS 4 2B E A 210 ml OZEFAKICEERL2 gD
J 2 — X (Sigma-Aldrich Co, St. Louis, MO, USA) %
Mz T, WEWRATY 2 74— (W& UH-300,
IAI LT =) THEWEL 7z B %505 8 (1500X G,
5 min) L CfF5N 2 Rif %m0 (40,000X G, 20
min) U, ZOWEEHMEELEL, MusEmEsy e Lz 2o
5y % 4 % SDS IZH&H L C100°C, 1 hr AL, Zof#% L
OGN TRME L, 155054 28K T 3 vk
WL, HASIZEL 2. KICZOREAE5 % N ) 2 o afEfgic
B L100C, 1 he MIEL 2%, HROsoaiLL%0%
ThVraaftiaitibii L, o7z G & S g O
7 (40,000X G, 20 min) 252 LICkDBENDIHEE
EEAKRTIMEHF L. ZOMFEEZ L ) —LEYITFIL
I —F L TCIERES L, B LT, M PG & L7

2—-3 UJF—LICEDITRELET =/ —IVHEHEICE 25
2UNIE

PG (910 mg) #V vV F—24 WA, A{FEH, &
L7 A4 o) B (1 mg/ml, 50 mM Tris-HCI
buffer, pH7.2) 2 mlIZEE L, 37°C, 2 hr AWBHL, RNEW
Ao, A USEER T3 mlICBEL, TEfafll7 « 7 —
L (BT 4N LHEHEE) 1.5 ml, vuakias /4 V7T
INTA—)L (25:1) K15 ml ZMIZ TIRE 5 L7zt
ISEOSEEL TR AL 2. Zhaediil, 72/ -
AR 21, BRSEZRE L CalE L PG & L 7-.

2—4 T3/ BOFEHE
PGIZ&EENS T 3/ BOFBERIIE 22512,
TOHETIT>72. PG & 500 E{L PG 0.5 mg #6 M
HERThTHK % (100°C, 18 hr) LT, Hoh=2@Hmo
1/10%& % v v I EREBAGICE D, a—2 ) —T3KL —
& — & O CRETZE X 721, 1.2 M HCl-butanol (¥ —
IHA4 TV R) 140 pl #MA, 100°C, 2 he MELL, X
LARFVNLEETFILIZFNLL . EHK, WETZRE L

— 2 —



Lactobacillus fermentum DO-X7TF K 2°) 71 v OFHlE GC-MS 2k 2 &H 7 3 /oM

THREAPRE, RIZV a2 2400 pl, KLY 70
Aot (V—TI¥y 4TV 2) 100 ¢l 24T, 150C,
10 min MG 22 &Ik 7 I/ HE MY T AT £ F
MELUZ= MG, a—2 Y —INKRL -2 —%nWT0T
THIA min WEEME T2 Z L ICk D RKBOMEA ) 704
Ol E bR E, RIVERMEEROY 7aa X 8 VIZERL
TortrHE R & U 7=

2—-5 73I/ESFEHOME
73/ BEAEAIE GLC (EE : GC-2014S, SRR

B & UGC-MS (i : GC-MS QP2010Plus, F5dtHL{ET)
THMT L7z, SHHCIE CBPIF vy €5 ) =754 (25m, &
HEUERT) &, 80C A 5230°C £ TiE 5°C /min, 230°C
7 5300C % TIZ10°C /min DFIELMETHHTL 7=

3. & B

3—1 PGILEEhD7I/BOAMMK

L. plantarum & L. fermentum 7> 5155 720 PG & W&k
PG Z#MIASHL, &Ehd 7 3 BEfHEAlL L TGLC
BEOGC-MS TH#iL7=& 24, IPGE/FIZIZEBSD
WO PG &)Yy (Gly), A=V (Thr), ¥V ~ (Ser),
Y)Y (Val), 4 va4 vy (le) EEDE—2 it X h (X
3EEG), ZHO6DPGIZMEADE VIS ENEENTH
L2 R EINS. —T, L. plantarum OVEAL PG 12D
W, Figid~v22ua~< b7 LICRLEERBD, T3
VAL LTIZT IV (Ala), Z 0% 3V (Gl
BXUDAP OAa» it Ehi. ABFigliclAohs 73
J BEFBEDNDYE — 21220 TIE, YAANXT PLDT —
APET IV BREIREIWETH Db, Wtd
BRI E END & VST BUNORK I SET -8
DTHDHEHTEEINZ ZHITH LT, L. fermentum O
L PG IZHL PG LRIBRIZ, RTFFZV IV ORBTHBT
I VBN D Gly, Thr, Ser, Val, lle s D7 3 /%
Gh Tz (Fig2). - T, WMHEIZk-> TRAZ V50
B L2800, RRE L TIRAZ VSV EREENT
BO, HEERLFHTH B ZEDBPS IR 7.

3—2 OmFEEDKE

L. fermentum @ PG & Orn et ZENEMTH B,
Fig2lommahizt k0, 1o PGHKD~v 20~ 25
LEHBLTOmEEZONBZY -2 2 RDOF5ZERT
EhMotz. ZTO, Orn OFEMEYE (& L7 4L L0006
HSE) ICOWTHMOBEREFTH L AL ZA,
20w 77 LIk 5 REERIZ19.6 min TH D 7 X
ST X VEE (Asp) REREH—THDEIeNbhrolz. Z
ZT, Fig2TZORFEFMARTE -2 DY ZZXT PL
% REICRET L 72 2 OfER, Fig3loamL =& 91,
ZM19.6 min DY — 27 R $ v XA AT bJLIZ Orn BEA
(Fig.4) & Asp Bifk (Figh) D AXRY ML REE 728

DTH5HZENHBHL 7.

WIZ, Orn % Asp 2° 5 47 L CHAMCHRAN T 5 7201
73 BOFEGEEKE LT, AILKFVLEDOTFLIZTF
MMETizaL, X FLZZATNALEITS Z & ERGTL -
HCl-butanol DX 0 12 5 % HCl-methanol (EpFEILY:) %
L TxFLZZTALL, T3/ REZhETELD b
D7rruarTEFftLizEZ A, FigbloinL7=Xkd 5k

bt}

3,400,502

Glu |

; DAP
Ala :
l ’
lOU ’ 20..0 ) . ) o 30‘.0 . 340
=an
Fig.1 Mass chromatogram of amino acid derivatives prepared
from L. plantarum PG.
Ala, alanine; Glu, glutamic acid; DAP, diaminopimelic acid.
4,866,325 = i
Ala Asp (Orn)
Glu
|
| Gly Ser
I/Trir//VaI /IIe ! |
BRI
[ ; |
B L U [ L W R S I_,|___ﬁ___'_._. el
100 " TR - T me Mo

i
Fig.2 Mass chromatogram of amino acid derivatives prepared
from L. fermentum PG.
Ala, alanine; Gly, glycine; Thr, threonine; Ser, serine; Val,
valine; lle, isoleucine; Asp, aspartic acid; Orn, ornithine; Glu,
glutamic acid.
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Fig.3 Mass spectrum of the peck at 19.6 min in the chromatogram
of amino acid derivatives prepared from L. fermentum PG.
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Fig.4 Mass spectrum of butyl ester, N-trifluoroacetyl derivative of

authentic ornithine.
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Fig.5 Mass spectrum of butyl ester, N-trifluoroacetyl derivative of
authentic aspartic acid.
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Fig.6 Mass spectrum of methyl ester, N-trifluoroacetyl derivative of
ornithine from L. fermentum PG.

HROYZ AR PAREE N, A FILTZTILEERIG
TFNIZTIHEEER I SRR OFEERE 5 5728, IR
MEOHAEDBRP ThbN G  ERILFHASMLIZE L &
Bbhsn, ELOKBRIZED, L. fermentum PG 2T 5
Orn DAFAEZERT 5 Z LB TE -

4. £ &

Lactobacillus JEHEFED PG 2578 TL-8 2k iAEm 14 0 ik
12& 0, L. fermentum D WVE{L PG 2SO Sai8iG M 4R L 72
728, 2O PGIZHURAFi =720, RIFFEOER, Zomf
B PGIZIZE M END X VISZBENRBALTOSZ &R
IS5 72, BEEDRPTT =/ — Ll 2175 T
W57, HVALICHIH L7220 Vv F— a0l D 2 Vs g
BERETEZIETTHS. 15T, MiD Lactobacillus Fifd &
X, L. fermentum PG IZIX PG i AT 52 V308
NENDO T WP EHEE I NS, 5% IL-8FENMEICN
$ % Orn DB A HNRD 720 1IIBENEO MG & R 20
ELXh30T, 7u77 —X¥OMHA%IC & %L R
LTW PETHD. Ak, AUIEIZEKD GC-MS AL
72 PG OXTF F o3I PG OME % 5¥ili4 5 ke LTH
WTh BT ARSI N MORE KK O RN & BT
BEC Y, AWIFECHESL X N7 3 BRI D 5 I M
EHEELTHSITHREHZ NS,

Orn FHEAKIZEHEME D~ 2 A2 bILE DI X D [H
EL7 OmDTFILIAFIL, N- LY 7LtartFiL
HERE, FigdllRm L2k ItFRHE -2 2 m/z 166TdH
D, ZHIZMA TN m/z 306007 57 XY bR 6N
U OHMAEZARY MLTH -7z, ZOMiIHOE 13140
Y AL=y b THB0, m/z 30605 N Tt aT LT
MMbEh=7 3 EOBHHIZ LD m/z 1668 C T3 &%

AbNb. ZDO2DO0DT T AV MEIXAFILI ZTILiEEK
D<A A2 ML (Fige) (28 a&< ERRIC, [EUEETH
5NB7-%, m/z 30613 T FILIZF Nt BV IEAF LT
2T M E NIRRT VILIEDEEEE 7 o FOWLEETEL
ZOTIEEVhEHEE I Nz ZO K S Orn BB
DTN Y Z AR PV Z 5729, SHON%RIZE
WT 8 L. fermentum PG DIEEE L THHTZ5EF 1 6h
5.

&!n

i
Pl w78 fs TR AR ER R D2 & L T PG
DT I BAIEOMHENIIEb > 2 EREEIAZIILD,
I E TIZ PG OFHB L GIZFEMENE O 22T &b 7
%< DFEDE X ADHINIEHER L £ 7.

K, ROIRO—EITPL HEE - BRI 2 D2017F )%
7S E OV TEESh L Lz, ZOEEHD THEL &
B ET
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Heparinase jE{& 17 & 1 213 Cryptococcus neoformans @ DBB Y4B METH 5

WOk omoBr
ORI

Heparinase gene homolog is essential for the DBB staining reaction in Crypfococcus neoformans
by

Yumi SHIMIZU
Yuko SUGAWARA

E B

CZo-vT7=vyy (Prvil) Mgt (LUTF DBB &9 %) 12k 27RO DBB 4etid, BRI FEO 1D
ELTHIGNTWAD, ZORGIZK D HTFHBROMBPEI N T E 2RI THAEW., X =X L% RT 572912,
T TR LR T BE 2 {01 BB Cryptococcus neoformans % FWN 7=, Agrobacterium TEBHAARIZ K D C. neoformans BA#E

EHOVBETFERKT A 750 — 2R 5K 210,000 OZREO I T =—IZDOWTDBBREALALZEZA, 20302 —
M DBB Yk LT 6Nz fHoh7z2a30=—-5% DBBREAK D EN 5721 T30 = =2 DWW CGEIZFE RN 21

L72& Z A, heparinase & 3 — N9 238 {ETF & tHEEDS B OEH B EE X Tz, ZOBE(ATF % heparinase BI{aF-RET s &
L, C. neoformans DB E#EA 5 heparinase 3815 TR T 7 OBIETRIHR AL 72, {EHLL 7~ heparinase B{n R E T 7K
PROLBIFIA @GN L2 Z A, DBBIEFETH D, X512 C. neoformans DR T H 2 HNEDE X BBk & ik U< & 5
ZEMHBAL . ZDOZ L5, heparinase MIA T A E 1 213 DBB J@ICHIG T 2 MZ T Th D, HBRIZEEbDS Z LN
BHErE k5T,

F —"7 — K : Cryptococcus neoformans, DBBH4(f, heparinase

Abstract

3,3’-dimethoxy-[1,1’-biphenyl]-4,4’-bis (diazonium) tetrachlorozincate (DBB) can be used to distinguish basidiomycetous yeasts from asco-
myecetes, otherwise the molecular targets of the DBB staining has yet been unknown. We used Agrobacterium tumefaciens-mediated insertional
mutagenesis to Cryptococcus neoformans, a model basidiomycetous yeast for molecular biological study to clarify DBB staining mechanisms.
We isolated two negative DBB staining mutants from about 10,000 mutants. One of them, which showed the clearer DBB staining negative
phenotype than the other, was further analyzed. We found that a gene putatively encoding a heparinase was interrupted by the T-DNA insertion.
A complete gene knockout of the heparinase homologous gene revealed that the gene was responsible for DBB staining in C. neoformans. We

also found that the gene played a role in controlling the capsule formation.
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1. FUSIC

R FA I FEO—DTH B, o- VT2V PV E M
SR (I DBB &9 3) IC&kdTu=—Jaid, F2EH-
A E ORI & UCTREBICMH 2 h T Z /2. DBB 3¢
IZ& D FRERIRE AW, HFEBERHIVTE
HEERT, LZAH, ZOHETHEERED DBB 44 £ /=
ZLADFMIAS Mz > Tnsn, 22T, DBB 3 £
HEZXLERHT S Z LISk D FREFAE HREOEY
HES 2 RV Z LA HIE LT3,

157 & B% B} Cryptococcus neoformans (X 8%, fh¥n & 6 U
BEAEMO—2TH D, BRHOHEFEMICHE DL
HBRTH 5. WaOBENMIE £ 72139 (Hif4 —8
nm) OHMRIEDO B TH D, I & O SR IS
5. Zhicz, #HrRrERE S GHEEREZRD. C
neoformans 13, ANEAMGEEGYED —D, 2V T Iy H R
JEDORKEE LTEHENTHD, FFICROKTIERERD
EAMPFELL, 20T a3y B AREPEEEMEE K- T
WAY D KEIIMIEAD R D IZJEWE A O 2 L AT
b5, WEKLERKE VY ZHEET 5 L, O
FERE LS BN BB ZEn6, ZORBIIHEMEC
BIfRL T3 & a T3, HRO EEMRK S &,
MW dBE~NT O ThZ V0 FuvyF Y
(glucronoxylomannan:GXM) Ta& 0, fllgN THK X -1,
MRS &, BESHIMRIC K D IR A LS 5. ZDE
WA D Z & THEOREN#E AT 5 - E 2 6h T
W3Y. ZD X512, C. neoformans DIFEFIEIZ DN T T4
MR FEE DR R R ER TR, FREAK A =
2 LRWRFEIZ DO TR A AR 2500,

Heparinase (&, ~/SU ¥, ~US5 v, ~%) VKR % 5y
R 220 7 —¥Th2" 0. Ay, STy A
28 VERBIE, ~NFYYIvEva vl RsBELRET
D, v bTIE, MfREISAEL, Mlaokss, 8w, 5
LIZBIE§ 5723 T <, w4 L ZD@EFEMIBNOEE O
BEEMBEREGONSS VR IA L ZADLET 2 —LkB T
ENRMSRIZ S THBY TV ThE, AR Y Y, A8
v, ~XY VR % 5 f# 3 % heparinase 1&, Flavobacterium
heparinum 7 5 F W N TLUR, £ DWfEN 2 T Tn
29 W RCIL, WG Trichospron asahii, C. neoformans
"o, TIAIVORBEKTHZT T A3 ) —r v efaT
%48 v82BE LT, heparinase BEE Xh T3 19,

AR TIE, FFEVPFNTFEER NS 28 TE 54
F I EERE C. neoformans D EIR T2 287 & DBB JEQL GGk
22 )—=V2ZL, DBBREGIZHG T2 8IZFELT
heparinase BIAFREQ N ELN-Z L2 MET 5.

2. EBHE
2.1 (FHEKkEEM
AHZE TR ZZF RIS Table1iZ £ & 9 72.
C. neoformans D #H D123 Potato Dextrose Agar (PDA)

BB ARF RT3 - B R 2WFERES 55638 (2020)

Table 1 Strains used in this study
Speicies Strain numbers and genotype Origin
Agrobacterium | EHA105, pPZP-NEO1 Walton et al.,
lumefaciens 2005 ©
Cryptococcus | B4500, wild type, serotype Kwon-Chung et
neoformans D, mating type o al., 1992 17
KN3501a, wild type, Nielsen et al.,
serotye D, mating type a 2005 19
KN3501a, wild type, Nielsen et al.,
serotye D, mating type & 2005 18
DBB16-6, Ahep::T-DNA, This study
mating type o
TS1, Ahep::NEO, mating This study
type a
TS2, Ahep::NEO, mating This study
type a

— 6 —

[24 gL potato dextrose broth (Difco), 15 gL' agar] K5ith
RN

C. neoformans O B Hn i fk DHEFIZ1E, YPD FHedsith
[10 gL Bacto yeast extract (Difco), 10 gL.”' polypeptone,
10 gL' glucose, 20 gl." agar] P 7=. R EIZ)E U 0.2
mgL & % % & 95 Geneticine selective antifiotic G418 sulfate
(ThurmoFisher) #flZ 7-.

ARSI T LR R 2 vz, T L
7y 750 g #800 mL OZERAKTI07MEW L 721%, A
WU THESNZAIZ2 g D K,HPO, 2B A pH 6.212 3% %,
ZERAKRTI000 mL & U7z, TE 2T UERIIZEKR%Z20 ¢
MAA =7V —=T%, Vv —VLICHELERE e L.

WA SR 212, ¥ 7 o — kKB (Nippon Becton,
Dickinson Company, Ltd) % 10f5IZ#R L H 7=,

A. tumefaciens, E. coli D#FGIZ1%, LB &5 [5 gL' Bacto
yeast extract (Difco), 10 gL.™ Tryptone, 5 gl.™" NaCl] & Fv>,
TR OFFEIZIE X 51220 gL agar #MA 7. BB
U Kanamycin %25 pgmL'& 7% 2 XS HRMIL 7.

2.2 Agrobacterium 3kl & % C. neoformans DR G Exi

Agrobacterium 3 12 X % C. neoformans O JZ & 5 2 13
Shimizu 5 D HEY 1IZ& D175 72 A tumefaciens EHA105
(pPZP-NEO1) 1325 ngmL™ Kanamycin ¥R LB 5ith & Fv
T24CT—Wak5EEE U7z, DA BEIC & O TR & DI U 25
B TR, WA IM 5 L OD (A =660nm) =0.15
LB EIITHBMLZ. X51224CTOD (A =660nm) =0.6
L5 KK 6 IEHIESIEL 72,

C. neoformans B45008% X YPD W kK% ih 2 FI v C30°C T
— MR %, WRZE OGS KDEIRL 2. B E iR
T, AR A TR 2SR K CUR R, WA IM RS HIC AR L
X10°—1X10° cells mL % % & 5 FHIE L 7=, B L 72 A
tumefaciens & C. neoformans % EF w3 DORML, 1 %256 %
DFERZEL IMEHIZ 1 KB 720 6 5 FTiZ100 pl 3 D
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W7z 24CT9 HMLRERER, B hich#Lzao=—
% 4% % HL » PBS Buffer (0.14 moll." NaCl, 30 mmolL."
KH,PO,, 70 mmolL"" Na,HO,, pH 7.2) 12 L 7z. 13,200
rpm, 577D LTEHIZ XD C. neoformans % PE & &, A.
tumefaciens % [\ 72, PBS Buffer 12 L 7=D 5, G418
R YPD FEREGHUCFERE L, 30CC 3 HRE L 7.

2.3 TAIL PCRkIC& % T-DNA EAZOERE

TAIL PCR % i3 Liu & @ 4 ¥ 125 > T - 7=
DBB16-6#kD 4/ 4 DNA % §E LTHW, {EEOES %
H9 57514~ — oligoAD3, ¥ KU T-DNA NOEH» &5
R L 7279 4 ¥ — oligoTAILKS3!Z & O PCR RIG % 1T -
72 (35— PCR KIE). #— PCR RIBIZ& > TH LN RIG
WAAERML, 20551 pl. 288 DNA & L THW =,
754 <% —13 oligoAD3% & UF oligoTAILKS4 % iy PCR X
IB%1T -7 (3 - PCRIKIB). X518 ~PCRKIGIZED
36 N7z KB % 40f5 /ML , 2D 5 H1 pl. 2§45 DNA &
L THIVY, oligoAD3% & U oligoTAILKS5!Z & O PCR &
%1757 (5= PCR). %= PCR NKIGH& T OIS % 7
v — 27 VESUKENZ & D DNA Wi ORIEz iEsE L,
IEAFR8 57z d DIZDWTIZ BigDye ver3y — 7 ¥ 2% v
M (7TFA4 FNAF Y RT LX) & TS
BT -7 36 N IEIEY T — 2 %& BV C BLAST f#fh
4T\, C. neoformans 7/ LIEFEEH| T — & L Iikd4 B Z
L2 & D T-DNA #fi A % 787E LU 7. PCR RIS ST,
Shimizu 5D HHEY 12t 572, V=T T4 < — DRI
Table2!Z/R7.

Table 2 Primers used in this study.

Primers Sequences

WGTGNAGWANCANAGA
CCTGTGTGAAATTGTTATCCGCTCA
TCACATTAATTGCGTTGCGCTCACT
AGAGGCGGTTTGCGTATTGGCTAGA

oligoAD3

oligoTAILLKS3
oligoTAILKS4
oligoTAILKS5

ACGGTATCGATAAGCCGGTACTGGA
CATGCTGACA
TTTCTACATCTCTTCGGCGGACAGC
AACGCAAGAG

5'- heparinase

5'- hepa(d)-Neo

TCCAGCTCACATCCTAGCGGCAGAA
TGAAAGGCAG
GGTGGCGGCCGCTCTGCTATCAAAC
ATGATTGTTA

Neo-3'hepa-(u)

3'heparinase

NATNEOHYG.
LP
NATNEOHYG.
Up

AGGATGTGAGCTGGAGAGCG

GAAGAGATGTAGAAACTAGC

TATATACTGACATACTGCGTAGTGCA
TATCTTAAAGGAATCAGACCAGCTT

hepa_check_F
hepa_check_R

_7_

7
2.4 C. neoformans DOE{AH 5D DNA H#iE
4 & PDA BsHb i i L 3 HIM25°C TR, 1 A& H

%500 nL. @ Extraction Buffer (0.1 M Tris-HCl, 40 mM
EDTA, pH 9.0) 2% L7z, 100 ul. ®10% SDS, 300 nlL
DRV DN ENAZ, KLTF v o ZTHRE L. B
%65C 257y MALERR%, 4°CT10%0f8, 12,000 rpm T4y
B % fTvy, 700 pL © B AP L 72, B3EIZ70 pl ©3M
fEfg Vo A &EMA, 770 nL OA4 Y Fas8 ) =)L &Ml A4
THRLT v 2 A2 L7 12,000 rpm T4 C, 105 [HE 055 A
L L& BRFER, Tc70% T8 7 — L EMABRL -
12,000 rpm, 4°C, 104r[hE O EE%, LA T50 ul ©
TE (pH 8.0) IZV&fRL 7=

2.5 BEFEELEY FOEFR

Heparinase {5 TR KMAEBD 728 O BIZ T IS £ »
M AEBL U 72, C. neoformans D 7/ L DNA % $% 8112,
heparinase Bz 7R E 0 7 OBIZTFE» 5 EFfE & 21 kbp
& THil kbp 2 PCR¥IE L 7=, il 7 7 4 v — 3 NEO &
BT Ol & —E & & 5 IZ@%ET L7277 4 7 —5hepa (d)
-Neo 75 4 ¥ — & 5'heparinase 7 7 4 v —, K U'NEO &
{1 OlH %= & X 5 128%E L 72 Neo-3'hepa- (u) 7
7 4 ¥ — &3'heparinase 7 7 4 v — & il L 7. NEO &
£ 7 O RIEE, pKIS6110> 7 7 2 I F DNA 2§l & L,
NATNEOHYG. LP 7 5 4 ¥ — & NATNEOHYG. UP 7' 7
4 v—%HH L% KAPA Tag (HAY = x5 4 7 241) %
i L, PCR RIJS1395C 3 75D DNA ZPEALEES, 95C 15
™, 60C 14y, 72C3 DO %E 144 72L& LT, 304
A 7 IATV, ZDH%T2°C 105 D RIE % 17 > 7=. PCR W)
13 EZ-10 Spin Column PCR Products Purification Kit (Bio
basic Inc) ZfEH L, ZOHWGHATFIZHEOERIL 72, FEH#
L 7= 3FFHO DNA WrFr DR W A 554 & U, 5'heparinase
75 4 ¥ — &3'heparinase 77 4 ¥ —12& D KOD FX Neo
(Toyobo) % J»T PCR #l4 % Z &2 & D 3D DNA
Wi & @55 L 72, PCR IR I395°C 2 75 D DNA %5 P AL
D%, 95C 147, 55C 147, 68 C3HDONIGE 144 7L
LT, 3094 7ty £ D%68C 107 D KIS % 1T -
7. 856N 7 PCREMIITT Hu— 275 VEKKENAIZ X
DEMOAMEE A X &R L 7. PCREYIZ, EZ-10
Spin Column PCR Products Purification Kit THg#lt%, &
ZTFHEL €y b L THOW:E W7 54 v -0l
Table2iZ7/R" Y.

2.6 EEGEFHEHIEY FOBEA

C. neoformans WP Ak (A o) 12/8—=F 4 2TV
BEHCTHE Y vy FOBEAZIT 5 2. BIEFEAL
%, Biolistic PDS-1000/He Particle Delivery System (Bio
Rad) #H\, Z OHURSHEIZHE > 72, C. neoformans Dl
Jl2ic DNA B & o P MEE LT3 ki 2 5ike 2
IR DBIATEAR, WK%z G418 YPD XK T
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25°C, 4SWEMIEEER AT\, PHEERIRIA%137-. 7/ - DNA
LoV EEEFEANEDIMINZ 75 4 ¥ — hepa_check_F
¥ & U hepa_check R Z#&EIL, BEFIEEA X FDOH M
ZHEFE L 72. PCR K5 id KAPA Taq &Iy, 95C 2 570D
DNA Z MO %, 95C 245, 55°C 14F, 72°C 2433000
KIiS%& 144 27L& LT, 3594 70, ZF0O#%72C 10
BORIGET - 7. HW27 5 4 v —DSiZ Table2iZ/R
7

2.7 DBB%®&

YPD etARG 1, 1 mL T % 72K#25°C, 125 rpm THR
ORI, WE L7215 ml F o — TICEEMAET AR
L, BEOSEICE0ER L2, EEEBRE, WIS mL o
0.25 molL™" Tris-HC1 (pH 7.5) # A, 8 L 7= 6% %
14,000 rpm T5 73D BE# 1T -7z, LiE&KRE, 1 mL O
DBB #%¢ 4 % [0.25moll.™" Tris-HCI (pH 7.5), 1 gL' o0- ¥
7=V v A MEIE] &N A %%, 14,000 rpm, T5
SEBELTEELER U, EEAERRE, 1 mL ©0.25 moll”!
Tris-HCl # Il Z, 14,000 rpm T 5 55 L EE AR
#%, WhROBEBEREL..

Y

2.8 XECHBE

T U B KK T, heparinase -k & 2 7 #5178
fikk & C. neoformans KN3501 (2P a) OfMifEZEAL,
25C T 1MEMRGE L2, Bk S h- T aT %, G418
YPD #REZHICRER L 25°C C48HFMIBEFE L 72, Bisetk, =
u=—% DBB R L, HGHIGEL .

2.9 FEOBEHBEBE

%10 mL © YPD efkRiit & Fvy, 30°C T24KEH, 120
rpm THREIEIE L2, Wil 2@ 0n@ic ko, EWEk
F UM U 7= # R & LORHIS MR L 729 7 o — kR Tk
ik, 1065IC MU 24 7 v — ik BT Tl 4 6 L,
0.D.600 nm TL.4IZ & % J% L - Mlleeiik s 77 25 v
2 ¥ ¢ —LI220 mL $O 557 L30C T24RFRIIE# L 72, B
ek, BER e BUE FRIEA L, BARETT CRIS L 2.

2. 10 YL 7—EEHRAE
YL T — ¥ 2T v VIRER CRHES) %
IV, 2 OEWRESEE I HE R L 7=,

3. ERER
3.1 DBBJIEFE&EHOEE & TAIL PCRAICE % T-DNA
BASCORE

Agrobacterium B H5#IZ & D C. neoformans B4500%k % H
WBIETFARKT A 770 — 2R L= 3X%210,000{H0D
ERFOIT=—IZDONTDBB YL 7225, 200 =—
A DBB Itk LTHEON. Zhe2a0=—-0D5 b5,
& DBB #4fa & 1Lk 5 72 DBB16-612 D\ T X 5 2 figffr %

BB ARF RT3 - B R 2WFERES 55638 (2020)

7=, DBB16-68kD 7 / & DNA % flifti L, TAIL-PCR
HIZ KD T-DNA FEEE D5l A G 0 J R % B L 7=,
D PCREMIZONWT Y =7 v AR &I, 7 o L%
A AT L. HonERES T 25220 T Fay
DAT ) LT = A R= 2L L 72 KSR, T-DNA fHiRIZ,
% 3 FHYLEIRD CNN03380 & 4 7 A} & 7= B n 7 ik 12
A XN Z Ehba o7z, CNNO338OD IS % i,
BLAST MR %17 - 7245, CNN03380ifthd £ TlaliE &
T3 heparinase MBI T EMHEMEEZFFOZ LB bhr o7
A A U 7238 {5 T % heparinase BIZ FHAEa s &L, X
St % dot b 7.

-
—

3.2 BEFEELEY FOER

C. neoformans B4500Fk D YLk 12 & % heparinase B{5
TOBIZETHEL S Ltk L 21 kbp & Tl kbp @ DNA I
R T G418t AT (NEO) % rhiuisikAildr & 5 18
72 heparinase Wia T F a0 7 BIZFIEES € o F OIER%
fi->7- (Fig.1).

C. neoformans B45008k @ heparinase & {n 7K E W 7D
BIA TR S Lk & %1 kbp & il kbp 2 PCR HiE L
7z. NEO #1513 pKIS6117 7 Z 3 F DNA # &8z L
PCR¥EL 72. ZhZhO PCREME 7 v — A7 L&
SKEIAIZ K D HERE L 2R, NEO MIZ T Td %1.8 kbp,
heparinase JE{AZ T HFE T FOEETIEL? 6 LIt & %1 kbp
& Tl kb @ DNA Wl 28I X 7= 2 & 2ffgd L7z, Th
5 3% DNA Wik % PCR (2 &k b diks#k, PCREMA 7
A — 2 IVERUKENC K D L 72 & 2 A HROFEM 4
bz, ThaBIETHESI XY &L, C. neoformans B
BRI IEER I I 72

3.3 BIEFREKOERS

C. neoformans B45001Z heparinase {5 1 7 T 1 27§ »
oy PEEAL, G4I8FAKMIZTZA L) —= Vv L
LZA, I8l au=—%#S L TRTOIT=—%
GA18E& A B5 I P MR %, DBB Q4@ & 17T > 72, £ Dff
R, DBB J4@ Tkt % 2 & oV BIR TR SR flikk 2 7k % 5
BHL7~ (Fig2). Thodsr 7 L DNA 2§58 & U T hepa_
cheak_F ¥ & U hepa_cheak_R % F\ YT PCR %17 - 72458,
heparinase BIE - H TR A~ —H —#\nT (NEO) 12
ENLHZEZONE A XD PCREMES A7, Thabb,
Y54 ¥k D PCR EEWYI5.8 kbp AffER & ZzdIiZxtL, 220D
R T RIEEAIFETIX, heparinase 5T KT 1 7R T
133.8 kbp Td - 7= (Fig.3). Z D% TS1, TS2& L, LU
TOREBICHM L 2z, TSIROMNE, & 2% TS28kD M
flo & AR OIS & IR A LSS & &, 12 Pk & ¢ 72,
3 5 M= a2 TS i 247 - 72, U1t
I2& D, heparinase BIATFFETZHES £y b BEEKD
77 4 DNA B2 1 2FnicoAfA ST, G4187I
W THhEFTE 3 HFFIE, §XTDBB @I v



Heparinase J&{% 774 € 1 2°1d Cryptococcus neoformans @ DBB Y@ I METH % 9
5.8 kbp

-+ 4

. 1 kbp .
MNeo -3" hepa- (u) primerl:’ h 3' heparinase primer
B4500 gDNA
| W Heparinasegens [N |
5" heparinase primer ‘ «j 5" heap (d) —-Neo primer
1 kbp
- -
PCRl PCRl
I | = &
| | G418
PCR
| pkiset
PCR -—

Heparinase homologous gene destructive cassette

NEO

1.8 kbp

Fig.1

3.8 kbp

Fig.2 Gene disruption of heparinase homologous gene in
Cryptococcus neoformans. The heparinase homologous gene
of wild-type was replaced by a G418 resistant gene cassette
(NEO) in the deletion strain. Those transformants were not
stained with DBB (A and B). Wild-type was stained with DBB
(C), and Saccharomyces cerevisiae strain was not stained
with DBB because this strain is an ascomycetous yeast (D).

TTH5. TS1EBAME O 51330, TS2& B4
DO 51338 D GAI8IRIME CAEF CE 2T la 1 %
AR L, TIhEZNDBB AT 72. TOME, Kz E
L7zaua=—2TSIn6i32au=—Th>72Hh, TS2 56
3820 =—THh->7 (Figd). &> 7T, TS1% heparinase
BT ARER I RIGRE LTHWS Z &L L

3. 4 heparinase B{nFH O T REKORBE T

C. neoformans DFiE E LT, FEEK, L 7—EiEMH
EHETAIERENHMENT WA, % Z T heparinase [z
TAhRER T RIME O, FROFEMERILS, L7 — €
PEEkER 24T - 7=

OIS L 79 7 v — iR TR AR & TS1%2 2 h

Construction of Heparinase homologous gene destructive cassette.

Fig.3

Gene disruption of heparinase homologous gene in
Cryptococcus neoformans. Gene knockout was confirmed
by PCR with primers outside the delefion construct for 2
transformants. Positions of the respective wild-type (5.8 kbp)
and knockout (3.8 kbp) alleles are indicated at right. Those
transformants were having 3.8 kbp PCR fragments (lanes

3 and 4). Lane 1 shows size marker and lane 2 shows PCR
product for wild-type strain.

TR L, S gE s, HR A SR TR L 2R,
PP fR & R U C TSI TR & O AR S h iz
(Figh). v L7 —¥YEEFRIIIREEMASHL, 7VE=
THERENT A7, 7V A7 v E VY Y 2 GICEET
M, BRI, TSIy 2@ARL, YL 7 — Bt
Nl b7z (Figh). 2D &M 5, heparinase {5 17k
T, v 7 —EEEIEES L na, R IZRE
5942 Z L HEFL 7=,
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Basidiospores growing on the YPD plate .
containing G418 D stained

TS1
000000000 | /[/levosaccrre
SPpooevee || \({010000...
\§00ocPsooe/ \levoos a0
TS2 RO g eccevon o ve o

*0 900 00 XN\ ** 900 08/
- '

Fig.4 Basidiospores were formed by mating wild type haploid strain and TS1 or TS2 strains. Isolated basidiospores were grown on the YPD agar
medium containing G418 at 25°C for 2d (Left picture), and then were stained with DBB (Right picture). The wild type strain of S. cerevisiae
or C. neoformans was used as negative control or positive control, respectively.

Wild-type (B4500) TS1

4. &

C. neoformans I TERK T4 77 ) = 5EHL 72
DBB JE4¢itk, DBB16-60 8 x4 B & FfE L 7= &
Z 5, T-DNA & C. neoformans %% 3 % 4 4k > CNN03380
& Z TP ENIBIATHBICIIA SN2 Z & 3bh 5 7.
CNNO033800 i Sk fit 51 & vy 72 BLAST BT, fthod LW
@ heparinase & T 2MHEMED H 5 & DL L THRE I N T
72, L2 L& 5, CNN03380~ 5 D7 I 7/ BHdS &,
Flavobacterium heparinum @ heparinase @ 7 I / REH| & 1
16% OFABYEL 2 h > 72, £ 72, T asahii D heparinase
DT I BEH & 1326 % DHIEED & > 72, T. asahii X
C. neoformans ® heparinase i, 77 Z 3 J =7 VIZHH

Fig.6 Effect of gene disrt;flﬁon of hepa&r;asedhogwologous} g)e}r:e on FHEAVNIBEE LCHEEE NS, ThEDREHEE T —
urease activity. Wild type strain (A) and TST strain (B) have . N ) g .
urease activities. The media on which no cell was cultured B9 2R T ORARRE V7= heparinase OBBER T 1L 7%
did not turn the color to pink (A). ThTnwanw? ¥ zozers, 58I, AMRTH
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7= heparinase 7 € 0 7@ {Z 7RI Z WV, ZOBEET
heparinase & 2 — F§ 2 B{ZF & DA, F72, heparinase %
I-FF30THIE, 75 A3 =7 v OR, IR,
DBB Jta & ORIRICOWTHI S 2 PETH 5.
heparinase 1§, "FVHIvEova VLD kb~
ST Y AR VR E RTS8 T - ¥ Th B .
flry, FENED F RGBS 7L, Pk E 22 d BN T v 2 HED
shrasxruvyFrTahy, MEBATERS MR,
Milast~HcH &, BEOMEN TR 557,
AKIFZEC, heparinase & & 1 785 FREM TS1D FEED
JEE 2, BERRE IR Ui L3 HmA R 6z, 2ok
» 5, heparinase 7k E 0 7 {5 T FEYI A heparinase DK HE
AT 5 9L, Mg heparinase 233wk X, FERE
DORHDOMMER ARNOB G B e h 5. £z, 4O
HET, THFTIZDBBREDIE L L 2WEIZONVT,
FFURTVFVEEAHWEDBBR G AT A, T 2
J — L& DBB JH i & it L 2B SR G2 R 2 &2V
o T3 (KFE) . heparinase KT 2 @\ TEMIZXD,
PN RN BER 7y o &, 7 = 7 —WIHBLL 729
B Mg m i@ L, 2085 L DBB 24SA LiE s
BT230TE W TEEIS.

C. neoformans By #% & heparinase 7k € 1 27 38{5 T i gt
Hlikk & DOZERORER, TSI ZE W54 T8 DBB Sl
PETH > 717 Har2, 30D > 5 2MHdb -7 (Figd). T
N5 DBB et &z 2 flfiilid, TR r#Aoks 2 @65
Al EEN LT L > 72mmgttEnd 5. K-> T, TSIkD
) . DNA _E T3, heparinase 7 €9 7 85T D AN NEO
WETEMARALERKI LTS EHlL 2.

5. % B

Agrobacterium 2B firdfaiZ & O C. neoformans ¥¥2E KK % H
BIR AR T A7 7)) —&FH L, DBBHREIhA W]
A= IEOVTHEIZTERBMERE L 2. £ ORR,
heparinase & I — N9 % 8{n 1 & MHIAIVEA B O ECH) 23 i X
N7z, C. neoformans D EREA & heparinase x5 Tk
EBU S OBETRIKEMFERL, REMEMITLIZEZ 5,
DBBIEETH D, X 512 C. neoformans DR T & 5 JENs
DE X NEARE IR LES 22 Z &MLz, 22k
/5, heparinase B{n ¥ 5 €2 23 DBB @ ICH59 58
ZFTHY, FTERRRIZEBDHE ZEBHLE P E K ST

C. neoformans % F\ 72 BIZ FEAFEER ST, WRtBIREK
K ARENEBIZ I Z 1072720

AWF7EIR, 201440 B 22 B K BT /3 - BRii A 2
ONF5EiBl & % 32 e S 7z,

ZOBFZT, WL L RiF 5.
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Synthesis of anti-Bredt compounds and structural analysis by 2D NMR
by

Kie TAKAHASHI
Hirokazu IIDA

ZE B

FEUENIC 2 BAEA 2 5 LAWE anti-Bredt {LAM EWEN T 5. anti-Bredt (bAMNI B RS £ 5, W HOEBNE
WEAT B2, HIEEICE > THIRM ZARIERO—D L &h b, WETIEA VT Vikdkn» 653 7N [5+2] [IERALK
BTV, ABUENC 2 RS EHIOv Y v u [44.1] BEARTE270Y b)) —LORBFEARPER I N ZThEDMHE
MEZ RS ORBE YR 3D CHEA Z L Th B, X 512 1 KICNMR DA TOREYEIZEIETH D, 2KICNMR R X #hGd
RS COME OGRS VETH 5. AifFETiE, €5V - a1 RERE L, anti-Bredt (tAWEAK L, 2 %WIC NMR (12
K BIBHENOF L T 4 VREDPC NMR OIId & ik 72D Tl 5.

¥ —"7—F : Bredtlll, 2KJCNMR, ' V' — )L

Abstract

The compounds possessing strained bridgehead double bond contradict Bredt’s rule, thus these compounds were called as “anti-Bredt”
compounds. These compounds possess complicated structure and physiological activity. Therefore, these are considered one of the most chal-
lenging targets for synthetic organic chemists. Recently, it was reported that asymmetric total synthesis of cyclocitrinol having bicyclo [4.4.1]
skeleton with double bond at the bridgehead position via [5+2] cycloaddition reaction had been achieved. The determination of these complex
structure is extremely important. Furthermore, the structural analysis is difficult when it performed using only 1D NMR. So it is necessary to
confirm the structure using 2D NMR or X-ray crystal structure analysis. In this research, we performed the synthesis of anti-Bredt compounds

using pyrazole as a starting material. Furthermore we exhibited structural analysis of synthesized anti-Bredt compounds by 2D NMR.

Key Words: Bredt’s rule, 2D NMR, pyrazole

2019 4F 12 H 13 Hz 3
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1. ¥
AEALA IR RS 2 LA D AL 6§, Mk
WG 2RO AEMEBE S EEL TS, KR 5 HiEd
BZLIZEDZOMEEND I ENTE, EEETT2Z
ETHMTHBZ LMoL B8 H 5. BIZIZFZ
FHHA L MG E SO EWE T4V LTAKL, W
HOMEET2ZLEdD, B OREREEhTETY
5. ZTORTERBIHEE 2R OZHEAMAEWIIBNT, 5
PN 2 RS 2R DMLAMEAETE AV & S h 5 5k
HI2Z3d 0, ZOREBRHNZHAN 2 LEY % anti-Bredt (L&
LIERY. 20 &5 s AW e B E R & E PG
MEET B Z &0 b8% < DAEEABRALEMIEE »S %%
T TETWS, Bz, 2003412 Crews 512 XK - Tl
HEDR=V ) oLy b)) =y anrbHiichiz4 Y r0
¥ b Y/ —=)Lid anti-Bredt (LB T H D, 2018412131 HK
ENTWBA VT ) ViksfAnrsyray M) ) —LOARK
EAWAER SN0 2, PIBARBRICHV S5
YA FEL (4F Y =) 1SRRI 2R FEE I < OR
AHOEAL, ZEHEORIEMNIZA L T 4 ¥ & F5D anti-
Bredt (tAMITH 5728, ZhE TIIE K DARMNEED
BB S TAKRET>T0wS (B1) Y79 Zok>u#H
Mo AL A OREB I E 3RO CHETH 5. LAMORESR
EORRIZHWS NS ke & L Tid, £I12 NMR (Nuclear
Magnetic Resonance), X i fifi & K5 3& 2 #r, IR (Infrared
Spectroscopy), MS (Mass Spectrometry) 7 & WMlibh 3.
TS DHHEERIC & > TULAMIDOKE, REDO BN E
FRESL, ARREE, STRAEOWEN A IS,
1-RY AN 2- T 2= L¥FV 0[], 20 YTV — N E
VAFALTEFLYUALRFT L~ (DMAD) & DK
ICE VLA TS B2 u(2.2.21 7V v idIkE h

il

Bridgehead double bond
OH

7,

HO
isocyclocitrinol
PhOC
PhOC
Ph fﬁi}
~Na/ Ph NN
. —_— N
H\__/H
M902C = COzMe MeOZC C02Me

cyclocitrinol
Fig.1 ZZ%anti-Bredb&HDIEE

3. ZORIBOKIZ, 2%H0 DMAD ARIELTH6NS
L2fsHhHAR IS X RS S RE AT I K D anti-Bredt LAY T
BZENBEIATHNS (B2) 7. La2L, NMRIZX?3
BE O EMEARIEIE A S h Ty, 2240, L2
KT H % anti-Bredt (LA E AL, 2 KIC NMR % Bl L
EfEREEZT> 2 #HME LT, UTOW%RET 720
THET 5.

2. AEILEHDERK
2.1 1-~N2VqN-2-7zZ)ESVON,2alESY—
IWEBREK

&4 13 anti-Bredt (L&MW & GHKT 5728, HlkREh T3
Yo —LANREREL, 7oF 703 FEkE X
JBXEBZEICEDI-RY VAL 22T 2= LTV ][]
2-a] ¥ 7V - LFEROGKETSZ L L (R3). #F
WRAHIT J. Calderazzo & DFEIZHE - T - 7209, HiI,
1,2-VA MRV IRV Y= LET 2 FVIILTEIF
LERIBEH, -7 F Y LETY— L (1) 57 Wi
1-7=2F YT =1 EKTX v, T2F v
TaIFEMBEEL2-YV T2 F VAT YT AT TR
F (2 #1572 {LAW2 %10% RFEAKFET N o AKIETH
h60°C TMEGRIET 5 Z L I2&DI-RY VAL 2- T 2 =
LIl 2-a¥3 = 3) #H7. [EEOFEIZK
DARYYVEDp- iz aalt 7o xR0 0n 2Rk
1-(p-zauxy A I)2-(p-ruu7 =)L) €50 [l
2-a] ¥V =L (4), 1-(p-7TaEXNV A )L)2-(p-T 0 E
Z7rxZ) ¥3Uull, 24 ¥T -0 (5) OEREZTNTE
NIt - 72,

paclitaxel

MeO,C_ ,CO,Me

7

ph—X Ph N H

—_ CO,Me
H CO,Me
1:2-adduct

1:1-adduct

Fig.2 1-~N>VJAI-2-7xZ)ESVON, 2-al S —IL EDMAD & DS
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2.2 anti-Bredt {t&¥HDEE

B LY T — LA 3, 4, 5 % T anti-Bredt
LEMDOEREIT -7 (B4). B, 1-Ry I 4L -2-T x
s vull, 2. ¥5 - 3%y ¥ h DMAD &
RBXHEBZZEI2LD3- Ry 4 )L -2-7 =2 =)L-8 910
(1,2)-F FF A MFTHLAZNL-10- TF =)L -4,10- ¥
7HEYra(5.2.1154-1,3,5,8-F b SV (6) &5/
FRRDFHEIZ I DRV E VB p- iz mukl, 7o'k
DDON3-(4-rauaXY S A))-2-(4-70a 7 . =)L)-8,
9,101, 2)- 7 F I A PF T ALK -10- TF =)L -4,
10- V7 ¥y s ual521]54-1,3,58F b5y (7),
3-(4- 7O ENY YA )L)-2-(4- 7O ET £ =)L)-8,9,10(1’,
2)-F FIAPFIANLAZNL-10- TF =)L -4,10- V7 H
vysul521]5%-1,3,58FF7Ly (8) DAKRE
TNENIT- 7.

3. EBFHE

ARFETHR L 72 anti-Bredt (LA OEREX LG Z ~X 2 b
Ll X JEOL JNM-ECX50011 A L, WEREEHEYIE &
LCF b AFLY 5y (TMS) #Hwv7z. 'H NMR &°C
NMR Db 7 MENEEREDE & LT L 72 TMS 2
SIS % o (ppm) TERLU, MiEEH (J) & Hz TR L.
ZZ TR TOMED Th 5. s —dHif singlet, d: —
A doublet, : Zﬁﬁ triplet, q : VUEHF quartet, m: %
TR multiplet, dd @ —HIZHZ L 72 —H#F double doublet,
KE. 7, UTO Wﬁﬁu % w7z, COSY : Correlation

o o
B o B
H‘ AI')K/ r Ar)K’ r
. M
\ 1,2-Dimethoxyethane _’\i Dry acetone
H,0, NH3 aq. 1
o
Ar
%
Y_NN oA 10%NaHCO, _E |
—_—
@% ® RH=0
BrO Ar

o O Ore O
3 4 5

Fig.3 1-X>VJAI2-7 12 ESVAN, 2-alEFV—ILGE
315

MeOOC COOMe

MeO O Ar N H
Ar (¢]
l}j )%( Ar
— 0 OMe
N
® o —m8 > N
Ar Benzene —
H

Fig.4 anti-Bred{t &N ERK

COOMe
H COOMe

Spectroscopy, DEPT : Distortionless Enhancement by
Polarization Transfer, HMQC : Heteronuclear Multiple
Quantum Correlation, HMBC : Heteronuclear Multiple
Bound Correlation Spectroscopy.

NMR #l5E J5 © ARALEY (80~120 mg) %0.6 mL OE
suauasks (CDCly) SiEML, WEZEIT -7 Sl
TENE % 40°C I Fhil UHGE 217 -5 7z

3-Benzoyl-2-phenyl-8,9,10 (1°,2’) -tetramethoxycarbonyl-10-
ethenyl-4,10-diazabicyclo [5.2.1]deca-1,3,5,8-tetraene (6)

1-RY AN 2- T 2= ¥FV 01,26 YTV — L3
(0.23 g, 0.8 mmol) DXV £ (20 mL) ¥A#(=, DMAD (0.30
mL, 2.4 mmol) #INA, WL FT300HIEL /2. R % W%
JEFEEL, FAIFHZL00v T TT 4 — (NFH YV
M IL=3:1) IZfFL, BEfSEETY, LEe (013
g, 29%) Efi7-.

6:'H NMR (500 MHz, CDCl;) ¢ =3.38 (3H,s), 3.61 (3H,
s), 3.71 (3H, s), 3,75 (3H, s), 4.76 (1H, d, J =25
Hz),5.35 (1H,s),5.78 (1H,dd,J =10.0, 2.5 Hz),7.06 (1H
d, J=10.0 Hz), 7.09 (2H, d, J =7.0 Hz, ph), 7.32—7.34
(3H, m, ph), 7.37 (2H, t, J=7.5Hz, ph), 7.50 (1H, t,
J=75Hz, ph), 799 (2H, d, J=7.5Hz, ph) ; °C NMR
(125 MHz, CDCl;) 6 =51.3 (CHs), 52.5 (CH;), 52.6 (CH,),
52.8 (CH;), 61.7 (CH), 94.9 (CH), 117.9 (CH), 127.6
(CH), 127.8 (CH), 128.6 (CH), 129.2 (CH), 130.8 (CH),
132.5 (CH),133.9 (C),136.0 (C),136.3 (CH), 138.7 (C),
140.4 (C), 143.7 (C), 146.3 (C), 146.4 (C), 161.4 (C),
161.6 (C),163.2 (C), 163.4 (C),166.6 (C),189.3 (C=0).

3-(4-Chlorobenzoyl)-2-(4-chlorophenyl)-8,9,10(1°,2")
-tetramethoxycarbonyl-10-ethenyl-4,10-diazabicyclo [5.2.1]
deca-1,3,5,8-tetraene (7)

soafifitk4 (028 g 0.8 mmol) DXV ¥ (20 mL)
VW2, DMAD (0.30 mL, 2.4 mmol) ZMIZ, ST T30
SRR L . WIEARTE TR EL, 7AW F A 4207 b
7774 — (NFHYEEBIFL=3:1) IZffL, S
mEire, (LEW7 (0.12g 23%) %f57.

7:'H NMR (500 MHz, CDCl,) & =3.42 (3H,s), 3.62 (3H,
s), 3.68 (3H, s), 3,76 (3H, s), 4.75 (1H, d, J =3.0
Hz),5.31 (1H,s),5.80 (1H, dd,J =11.0, 3.0 Hz), 6.99 (2H
d, J =8.0 Hz, ph), 7.03 (1H, d, J=11.0 Hz), 7.29 (2H, d,
J=8.0 Hz, ph), 7.33 (2H, d, J =8.5 Hz, ph), 7.96 (2H, d,
J =8.5 Hz, ph) ;"*C NMR (125 MHz, CDCl,) & =51.6 (CH,),
52.8 (CH,),52.8 (CH,),53.0 (CH,),61.8 (CH),95.7 (CH),
118.4 (CH),128.3 (ph),128.9 (ph),129.0 (ph), 132.4 (ph),
132.6 (C), 134.1 (C) ,135.5 (C), 136.2 (CH), 136.5 (C),
139.4 (C), 140.2 (C), 144.3 (C), 146.1 (C), 147.3 (C),
161.3 (C), 161.4 (C), 163.2 (C), 163.3 (C), 166.5 (C),
188.1 (C=0).
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3- (4-Bromobenzoyl)-2- (4-bromophenyl)-8,9,10(1°,2°)
-tetramethoxycarbonyl-10-ethenyl-4, 10-diazabicyclo [5.2.1]
deca-1,3,5,8-tetraene (8)

7o EFEAS5 (0.36 g, 0.8 mmol) DXV ¥ (20 mL)
2, DMAD (0.39 mL, 3.2 mmol) #MMA, iR TI1H
MR L 72, WE M@ E2EEL, TLIF AT L4207
777 4— (NFH VBRI FL=2:1) IZRFL, P
ATV, LA 8 (0.18 g, 32%) #fH7%-.

8:'H NMR (500 MHz, CDCl;) ¢ =3.41 (3H,s), 3.62 (3H,
s), 3.67 (3H, s), 3,76 (3H, s), 4.75 (1H, d, J =3.0
Hz), 5.32 (1H, s), 5.81 (1H, dd, J=10.5, 3.0 Hz), 6.92
(2H, d, J =8.0 Hz, ph), 7.03 (1H d,J =10.5 Hz), 7.44 (2H,
d, J =8.0 Hz, ph), 7.50 (2H, d, J =8.5 Hz, ph), 7.87 (2H,
d, J=8.5Hz, ph) ; ®C NMR (125 MHz, CDCl,) & =51.5
(CH,), 52.7 (CH;), 52.8 (CH;), 52.9 (CH,), 61.7 (CH),
95.8 (CH), 118.4 (CH),123.6 (C),128.1 (C),129.2 (ph)
131.2 (ph), 131.8 (ph), 132.4 (ph), 133.1 (C), 134.5 (C),
136.1 (CH), 136.3 (C), 140.2 (C), 144.2 (C), 146.0 (C),
147.3 (C), 161.1 (C), 161.3 (C), 163.1 (C), 163.2 (C),
166.4 (C), 188.3 (C=0).

)

4. BRRUER

F4, RVYUVBRODp- T aE 5D DOV anti-Bredt
L& 8 D'H NMR DIJRE 217 > 72, T A FLE5ORERIC
WAL AFAIEOKEZEDOZEY 7 P34 ppm 720 &5
ENTHD, ZAIHIETSE—2713E5 L0341, 3.62,
3.67, 3.76 ppm (singlet) M4 K TH 3. AL T4 DYV
ZDKEREDOZE VG EKII BB L Z7T~12 Hz Th
5Z &5 5, 5.81 ppm D double doublet 5 & U7.03 ppm ®
doublet 2L £105 Hz TH B 728, ZDO DD —2I R
BOES Y 2ADKKTHS. £72,4.75 ppm (doublet) 135.81
ppm & Ay T v (fEEER 3.0 Hz) LTHD, Thk
D NETHAEORFIROKERRTH 5 LHEET 5. X 512,
NV VEOE = 2137.0-8.0 ppm fHEICHRE XN B Z & n
56.92, 7.44, 7.50, 7.87 ppm ARV EVEOVY -2 Th 5.
50 05.32 ppm 3 " FEHEADKEHRKDOE -2 ThH 5 L1
ETE AL anti-Bredt (bAEMIER Y ¥ VB %E 2D
A3 5728, COSYIZ& T 3 ARKRTOMEME -2~
AHERR L 72, 6.9287.44% KO 7.50&7.87 ppm AR L T
WA ZEMWEREH, ZhoOMBE»5H NMR Okl &%
DIRIEA K 7=,

Wiz, PC NMR & DEPT90°, 135°12 &k 5l %47 - 7=.
BC NMR T3, REOBHI A - T B H &R 2 B Re s
THBHHANKoINRKEN DB Z & %R L. DEPTI0° M|
ETEIMKE (CH) DAV EhE 20, NvEVER
BLUZOMD A F v HPC NMRIZEWTEDE—212dH
725 &G L, [ DEPTL35°MIE Tld 2 F L 30 1
Wi (CHy) HIEAPC NMRIZEWTCEDVY —212h7-5
MEMER L 72, &k, AL 723 D0 anti-Bredt (LA

WERE TIE TN CORERVIERTE G P72 ZD7
W, H TN EE80 mg LA ITHER L40CIsHE L CllE %
79 2L TR TNIWE =2 2T 5 Z L AHEE &
D, RERAE-RIEBZZENTEE (BB6). T, &
BALEHO Y 7 o BERIE AR FE S AT HHED
728 2 WOE NMR IZ X B HIE &40, K0 EffEAREE T -
7. 'H-"C @ 2 %I NMR T& % HMQC iz & h kK &
EAER A LTS RFLEOMBEfEE L2 (1), 51,
HECO2RIENMR D 1D Tay Ly ydhy ) v on
8 Cc& 5 HMBCHllE 21T -7z (R7). ZORRE, v ¥

== Br

MeOOC, COOMe

I+
i

Br H !
5.32(s) i

Fig.6 L&#8D'°C NMRANY L LUDEPTANY LIS
LBREETFA

Table 1 {t&4%8 DHMQCIZ & %'HECDHEE
H(ppm) | 475 [532 [581 [692 |703 |744 [750 |[7.87
18C (ppm) | 61.7 [958 |1184 [1202 |136.1 |131.8 |131.2 | 1324
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VEROKFE (7.87 ppm) & HILAKZILRFE (188.3 ppm), A
L7 4 vOKE (7.03 ppm) & C=NODRFE (161.1 ppm),
N 2R I ROKFE (4.75 ppm) & ZEEHHF RO S
DjrFE (147.3 ppm) B XXV ¥V EHOKE (6.92 ppm)
EZOMNITFRORE (136.3 ppm) EZNTHDH v TV v
IR S NIz, TheD/RICKD, b TUhInE -2
BARY X VEBROMIIBORIEHRTH 2 Z LAPRED T 51

- (X8).

D ITETN Y £ VD p- fil2 7 1 a ko D172 anti-
Bredt (b7 DIl %47 -7z, His, 'H NMR#IE LD,
3.42—3.76 ppm 2 b 4 KD singlet DE— 713X X F LK%
AL, 4.75 ppm ISR E N AKRIZEBEOHI RO x F 12
L, 5.80 ppm £7.03 ppm &AL 7 4 VDY ZADKEE
NL7z. 72, 6.99—7.96 ppm IZH B 4 KD doublet D —
TRV VBROKKHKTH D EEZ7-. X512, HMQC
HEIZL D 3RFE (CH) LAKOMBEIL, 24174
Y ORFE L AKFEH118.4(C) —5.80 (H) ppm, 136.2(C) —7.03
(H) ppm, ZAEDF I ARORE L AT 361.8(C) —4.75(H)
ppm CTH D, /OB RFFICHA L2 2 \EEARKRE LK
1395.7(C) —5.31 (H) ppm T -7=. HMBC #ll£ T, 'H
NMR HlIZE CEMl Ehs 2+ L 7 4 v OAHE (7.03 ppm) &
BC NMR OilliEiz & %161.3 ppm O ¥ — 7 k5 L OGUE DY
ROAKFE (4.75 ppm) & FOHUOHHF RO (147.3 ppm)
tourrLyyhy SNV EERLEC NMR OJRE %
REL 7.

RBIZR Y ¥ VBICEBRIEA DV T AW anti-Bredt 1L
EM6 DIFFEAET 7. 'H NMREIEIZ & D, ZAERTFHRO
KFE, AL 74 vOKRRITZENEFNST8, 7.06 ppm & x> 7=,
COSYHIEIZE DI N A NFHITHEAL TV EIRY ¥ B
DOAFZFREOMEIZ7.37 £ 7.50 ppm, 7.37%7.99 ppm AFED
BoTWBIZENALE N E K 72 HivT, HMQC #HlIE <
KRy EVEYSND 450 CH OB Z 2 h4.76 (H)

nn

i

\H’

R

N W

Fig.7 1t&#8DHMBC X~X%7 kL

—61.7(C) ppm, 5.35(H) —94.9 (C) ppm, 5.78 (H) —117.9(C)
ppm, 7.06(H) —136.3(C) ppm & 7Z& - 7=. & 512, HMBC
MEickdaryrLy sy 7)) v ZOMETIE, L7+
YOKFE (7.06 ppm) & C = NHHKD161.6 ppm DY — 2~
BEORBOMIROKFE (4.76 ppm) & ZAGHT T C-N
HED146.4 ppm D — 2, XV ¥ VEOKE (7.09 ppm)
& ZDORNFRORFZHHKD138.7 ppm MR X7z (K19).

YEizk, 320 anti-Bredt {bt&EEEKL, NV ¥
VEROD p ML EIIERDONT W B LAW 8, 7 h 5 AR #
422 & TIAEMDRBI A BIGRRE — 2 2 5L
7z.

| MeOOC N2 COOMe

—— 958

C\
N/1s1.1 139 \1402
\ 118.4 1442// COOMe
9‘;? ,.H‘
H a7 COOMe
7.03 581

Fig.8 {t&4%#8 M2 RTNMRICL 3 /RETFH

MeOOC COOMe

148.1>=<95-7

H
5.31

MeOOC COOMe

146.3 >_<— 94.9

H
5.35

H
5.78
Fig.9 2RIENMRICL 3 IBEFH
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5. % ®

2WILNMR & W5 Z & TREBDD L NMUEYID B B
XX ORERE LIRE VBT TH 572 L L, IERELRE
BOWEZATHI2IE, X BASAISERITIC X 2th e 95 2
EREFE L. NMR OAIZ & 2 HEERIT AT 5618, 2
&It NMR @ INADEQUATE (Incredible natural abundance
double quantum transfer experiment) 2 & % Hl%E M OfiAfr %
TH5ZLTLDIEMELRELBETH B LR T 5. /-,
AL 7= LB ORI 2 BANL O 2 FASE R FEC NMR
DALY 7 113146-147 ppm TH D, NV ¥ VEFHIRO 2
HEAGARKRO Y — 7 ZHIEGUR & B0 U Al L 2 o AUt
NKEHETH B ZENHE N E RS T7.

6. # ¥

ARWFFE 13201 84F- FE B B K2 B LTS8 - BRBE- 20t
TR A2 T TIrbRE L. 20840 TREH L E
JET. 7, GRLAEYOREIREIL, FR24FE
FASL PRt a4 A Bl 12 & 0 46 X 7=l 0 1 W AT e
& JEOL JNM-ECX500II % VT vE L7z, Z ZIZi&#Ht
WL E9.
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Preparation and Photoluminescence Properties of SrALO,: Eu’* Phosphors
Sintered in Air Atmosphere

by

Yuna MURAYAMA
Mai AKASE
Takahiro KIDO
Kazunori MATSUI

ZE B

RO FEIE TIEBL L 72 SrAlLO, : Eu SDEAT, KA TIZH T 5 Eu® 26 BT AOBRILAELZ. AL Itk
VAZARY P, REDET O -2 DOz, Bk 572 Sr A MIERLEZEFOLREOREY -2 ERALTED, K&
TE EC™ 6 ECTAOEILAIBAMICKE 2 Z 2R LT3, BRERLEOY — 213, BUKEE & Sr REORINE & 128
MU7Zz. HERL - MERRE, LIk ERLE. 2o OfHIE, ScRIBIZEE LS, 07 ELDARTHM I 5.

F—T—F:Fk TAIVEZ My F s, EullET, BEKRM, A baryFo sk

Abstract

The reduction of Eu** to Eu?* in air atmosphere was studied in SrAl,O,: Eu phosphors prepared by a solid-state reaction sintered at high
temperature. Photoluminescence spectra had blue and green emission peaks of Eu?" due to different Sr sites as well as red peaks of Eu®' |
indicating that Eu** is partially reduced to Eu*" under air. The green emission peak increased with an increase in sintering temperature and Sr
deficiencies. Both the blue and green emission exhibited afterglow characteristics. These results are explained by the formation of O* vacancies

induced by Sr deficiencies.

Key Words: Afterglow, Strontium aluminate, Eu (III) reduction, Oxygen vacancy, Strontium vacancy
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1. #
REOCHOLIE, SRR BUC & > Tihid Eh 7= %
LE—EEZ, BEEEER L 2% ZOT 3 LF—EHE L
TIRA IR LRI T 2E Th 57, B
AR, T — N L — VRER ISR, ReEtoSCrR, M
MR, 7223 ) = ERIALKFIHEh T 5.

T A DIEN (~515 nm) % 78$ SrAlLO, @ Eu®F,
Dy* &, EEEHEAROREME LTEL MR THE?,
2L ORER B, BobHa A B < 4 5 LIRS
#l Dy*" % SrALO Mtz F— 7 L=k TH 5. E DR
e, EILEHKH CES AR TSI L THEILEh
THERT 5. KR TOWE D 5 VIFKEE O Eu®" O
FHZ BT, #EREOMIZHFGORL (~460 nm) »
BN Y I3 SrALO MESTIAEET B SPP A b
1, HEE ST OH A b 2ITERL 2 B A 5 ORI
BEXh Tz L LaRs, MFEZOWEE G S
DHFA b2, HFEFSHTOFA P 1T aReiExR Y,
ZORBIZONWTRERILHBLEIATHS. X551
SrALO, : Ei'" W AR LB RFEA A L TR D, Thy
Dy* OFNN & 0 IRIEIZ RIS 5 BBIZOWTLH
FAHD, KA@M EhTINEN 7Y,

NI %Ti%h@@ﬁ%ﬂﬁﬁmﬁﬁfémbéﬁw
SrALO Mz Eu* % F— 7L, BEREMR SrALO, D
L3RG & 2 BT O RRFEIC DV THFZE & ) T
210 WK TR, Sr ORI A% £ 72 SrALO SIS
E % F—=7L, KRB TR L Zz80k 2 ER L, AK
MR T, ETICHR T 2 ik@ e H@ao ko Emd
528, BEXOZThBIIBIFMEDRD S5 Z L &RV E L.

i

2. RBFH
2.1

BERESRO SR & LT SrCO, (ADEAMESE T8, 95%), Al
(OH); (A T35 95%), JIEAIC Ew,0; (HGHE
SRS, 09.9%), HRIEHIIC Dy,0, (DM T 38,
99.9%) % w7z,

2.2 HEFOMER

BER A% SAA R TR L, FORPBIR % 2 2 0K —
L 3L (Fritsch P-7) THH#: - IRAE L7z IRAELEHA%E
KEGEA TRk UGk & 45 72,

2.3 #E

8L U 7= 36 £k o A 12 1 X 8] 3T 2% i RINT2200
(Rigaku) #HHW7=. B2 X2 FL, BHAXZ b, B
Weri g DI, A RY Pk KOO 2 Xy N L
FHOEEEE R FP-8500 (HASHE) THlE L. Ed'™,
Ed" A BRI T % 728, ZhFN~270 nm b LV~
370 nm TOFELOIIENR & V72, BRI, i
1057 [HRS U 7212102, TR S i % o> B i s 28 11 4 3l

LTl L 7.

3. BREBLUER

3.1 XRD (Z& 2 HAEFEBEDRTE

Fig.11Z SrogeAlL0, : Eugo DR ORI AR %, &IE TR
TP 2 BRI L 7= XD XRD /8% — v &R d. Th
513 PDF#01-076-74890 /32 — v & — L TH D \WTFhD
WHEIZBWTEE 2 =y 2RO SrAlLO A& bk D AR A i
RTE 2 - BHRTEELL 72508 & Rk XRD 784 —
VHBENTWBEZ ERS, SHOEBELETIIOTRY
SrALOfEd A ERK T & 72

(a) 1350 °C

AM‘ (b) 1400 °C

(c) 1450 °C

Intensity/a. u.

15 20 25 30 35 40 45 50
20/degree

Fig.1 XRD patterns of SrygeAl,Oy: Eugor phosphors sintered at
various temperatures in air atmosphere for 2 h.

3.2 HEEORN - BHEANY MU

Fig.2!Z FilDHOEA %388 nm ThHik L 72 & 2 DR A X
2 MV ERT. BERIEAE1350°C T13460 nm I¥— 7 AR L,
1400°CI12 % % £505 nm (23 3 L& —E— 2 B8, 1450C
1275 £460 nm £510 nm (XIFIFFFEEORIME DO — 2
2572, Zhoid, ECTOFGEREE L U@L L IF
E-HL T3, SHORE THEAREIEH S hz0id
k%ﬁ&?i%%%‘lﬁ»#—%@ﬁt’éi£E¥%§
AR LT AW LR ENEY, ZARRICENRS &5
IZEIEERTOEVEST ORESBIl A TnEZ L]
BHL T3,

ZOENMAE BT -0 OBMFEHERIZH YA 5270 nm
Thike L 7= (Fig.3). Fig2d A2 b &[AMIZTH @ & G
FHABPME N D P, Z ORISR TIE Ed® 2358 < ik X
N5 728613 nm A E DD —"FiBRIcHdkd 5 ¥ —
s REE NS, EEOETTFMROBRIC BT, Eu®*
D=2 3T ELZNDT, KXHOBK TIZEILI N T
WEWECTORSAREL TWB T L AERL TW5,

Fig.4lZ#k @8 (~500 nm) B L HFGRKL (~470 nm)
DI Z T PILERT, WTHE270 nm 5 K U370~400
mic7a—FEE¥—2%2FLTkD, ET O ~R2 b
LEFIFHIEL TS, 72 (a) 5 (¢) EBUREEN S
{5312 2oRT370 nm DY — 2 BHIREISRE LT\ 5. i
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1450 °C

Intensity/a. u.

1350 °C

1400 °C
] ] ] ‘
450 500 550 600 650 700

Wavelength/nm

Fig.2 Photoluminescence spectra of Sro Al O,: Eugor phosphors
sintered at various temperatures in air atmosphere for 2 h
excited at 388 nm.

1450 °C
Ex= 270 nm

Intensity/a. u.

1 1 1 I
450 500 550 600 650 700

Wavelength/nm

Fig.3 Photoluminescenc spectra of Srg0AlL,Oy4: Eug o phosphors
sintered at various temperatures in air atmosphere for 2 h
excited at 270 nm.

(c) 1450°C
500 nm

(d) 1450 °C
470 nm

(b) 1400°C
500 nm

Intensity/a. u.

(a) 1350°C
500 nm

250 300 350 400 450
Wavelength/nm

Fig.4 Excitation spectra of Sy geAlLO: Eugor phosphors sintered at
various temperatures in air atmosphere for 2 h monitored at
500 nm (a, b, and ¢), and 470 nm (d).

F, HEFHOFFZ s ML (d) 13, 1FE AL BRI
IZ& BN A S N h 5 72 1350°C BER D ka7
DL Z X2 bL (a) & 1450°CHIK DO FHGRIEDhH 2 <
ML (d) BERILTWBEZERD, HERIEDO ECT IR

B O BERRIE THER T 282 h D LORETEIZE A
EAALRT, BIC & B LAREIOED BT OB R A I
LTWp Eigahnsd., ZhEREZIRY FILOREE
(Figs.2b X U'3) &3 K<L T3,

3.3 HAMERHSEXFHEICEZ ZHE L TORE
Fig.5!2 Sr,ALO, : Euyy (x =1.05~0.80) D f{l3A A& T
KRR H1450°C T 2 BERIBER UERL U 72 50RO 35k 2
N7 MLERT. SrOE L (a)x =1.05% 5 Sr #Wd L
Tw< &, 515 nm (HEDFFE — 7 @ERRML, (dx=
0.85 T KHE Z/RTH, SrAX6ITHP§% ¥ — i
IS L. TREDARY PSS, WEFOY
A4 b T, RO Sr RIREIREIZE D ECTOEITHHEA T
WHEORND B AL 55 2 enyh b, b, HEEk
ERT A CE, Eu®t ORITIEBERGRE RHUKIC & 55
B R FIRET L AR TE 5. KA
IZRDRREFIS 4 b EFERHS A b TR - 2 FOHRE
ZALERTEHEIC OW TR TH 228, JEFTH 5 D
DSrH# A MZkWnT, Edt e ECTOREEN R L 5 T
5720 ML T D, ZThEIZDNTIE, X 5ICHfgE 4
DT3B,

K&HIc B 5 BT OEITCIE, Sr,AlL,Oy ¢ Eu DR TH
WXNTHD, KOLSIZHW T T3,

3Sr*" +2Eu* T — Vol +2Eug, 1)
Vi = V&+2e (2)
2Eus, +2e=2Eug; (3)

4

ZZTChIDrv—H— - €y r0ERLIE, ROKRWEEK

LT3,

Vi w4 F A 2 MioA &M & F5D Sr O T-22 4L

Eug, : Sr 2@ L7275 2 1 {iOA ST % %D Eu(Sr*"
+4 hO EC)

Ve + BRI HPEZ Sr O 244L

Eugl @ SriZi#fe L 2B 5 mMIc % Eu (SPP"H 4 b
Eu2+)

(d)

Intensity/a. u.

450 500 550 600 650
Wavelength/nm

Fig.5 Photoluminescence spectra of Sr,Al,O,: Eugor phosphors
sintered at 1450 °C in air atmosphere for 2 h: x= (a) 1.05,
(b) 0.95, (c) 0.90, (d) 0.85, and (e) 0.80 excited at 360 nm.
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Ev’" % SrALOASSRIZ F =745 L &, B A A Vi34 F
VRO L ST A A VIcEBRI NS, ikoRL B
A4k VA OREEESR CIEBRMSEO 720, 20 Ed® 4
T UMD S 4 K v L EWRT B BERD D, F DR
v A F A 2MMiOFERER & RO Sr OZEFL (Ve) & Srilil
L7275 2 1 MiOAZEN % FD Eug Ki (15 Sr** 4
4 b ECT) BERT S (Eq.l). MBIz &b, Sr2dl Ve
26 &M &N (Eq2), Eus & KIS L TEC 1 Ed®*
BT EN S (Eq.3). ZhERINETORAXLEKTOR
IR, ShlOKRKHIZEH TS SrALO, : BT ORKIZD
WIS OBRICERE THITX 5.

fth)s, Sr DR L 28R TIE, ST D2 L Ve A AR
T35, FCESNPERACLD 07224l (775 2 21
DOEERZEIL V) 4K T 5. Ak x 0¥ — ORI
k2&, BEOLOFHKNTIE, VoDAERT XL F—
VanzhnkDH1.9eV AW, ZOHFIZESL &, [
CBEBRE TIE Vo lc K B IEfLDO i & D &, Sr DZ2E{L Ve,
POETHRM TGO EFHATE 5.

3.4 HERFORLFH

Fig.6!Z LAl O IMA D Sr#l (x) £30.85% & 1°0.99D
RIS BT 5, RO L H RO 4R
T2 oM a6 & HHMRE A B OReREA A L,
Sr RIGD 2 WO BEORE 138 <, ZDOHhTE RE
REDFTNEBILLDIENZ b2 5. OB E L
T, R h 7 BT OEFAEEFE AN L TCEF S v 7
(75 2 2 MlDOMEHEZIL V) It h, ek hT
FEARET B LV FHAENTH B Y. S s h 75k
Fe R NFIEE —DIHE 2R L TWB 2 &6, [[W—D
BTy 7 (V) IS =2BF25 LT3 e
MWEhsd, HIFERNALHIC Sr OANE L HNKRIE, Vo
BDEDELERT B0, BT LTy TORENEL &->T
FTRE NI L 728 DEE L 5N,

10 F

o Intensity/a. u.

Time/s

Fig.6 Afterglow characteristics of SrxAl,O,: Eug o phosphors
sintered at 1450 °C in air atmosphere for 2 h: x=0.85, (a)
Em=515 nm and (b) 460 nm; x=0.99, (c) Em=515 and (d)
Em=460 nm. Ex=370 nm.

4. #
SrAlLO, : Eu OfEEARKBERIZ VT, Ed® ofiliz Eu®'
DOHBHN L FEFHO _FHOF MBI S h i, fFREF
FIZBEBRIE BB VIEE, S RIENZVIEE RN L&A
WALz £22h6BHWEN6 SRt RL, 07
DHRIZLDET P 7 v TORENEL 5 d720LEibh
3. EOITRITEMFORE, Dy MR, Kz <s b
DOYE, REEORTEMAT 2 &, RIS & BRI

DN REZED T PETH 5.
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Practical and Effect of Using VR Contents on University's Open Day
(In Case of Course in Mechanical Engineering)
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Abstract

In recent years, VR (Virtual Reality) technology has attracted attention in various fields. The purpose of this research is to create the introduc-

tion contents of course in the mechanical engineering using the VR technology, and to verify the effect. and the effect is verified. In this paper,

the contents produced were evaluated by 41 visitors to the university's open day and the university festival. As a result, it became clear that it

was possible to gain interest from the visitors.
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1. FL®IC
WA, DI X B8 S, ZEBAE O HICHER T 55
NEELPELE 55> T 5. ZEERIERO2Z0I121F, F9°
BREEBLUZOREEIZHIKEZ > T 55 BERH
B, ZTDHIL, A—=T Iy SAKEICENT, -2
BB, SILBRB KOMERERFY 7 -5 L0
mAZEmL s (K1), LaLl, Zhsoimix, Fhi
B, WG KOG (BBHZE I B W TEHE) ORElR
BRETHY, £/, EMTXEINRLRONS. 2213,
B E T, BBIZBT BEFEORENFLELD, W%
BREY 7 =T, MR BRELRONIEATORERE 4 5.
BITRO%E - a— 21280, EHRPHEHBEAEDH )
F 27 AIREMAER T CWBZENEL, BUIRFERML TV
MDA TIE, KT 20BN E+HHIITE-LT 5T L
FHEL. 7z, T L & FERICRERY B il 4 5
M5 Z &id, FhEmir, WKl X CARMEROBN? S,
Witcdh 2. ZhoDOBEEFIT 572012, VR HHiIC &

(b) Panel display

&5 E I

(c) Campus tour

Fig.1 Event on University's Open Day"

LIMRER SR T 2 EZ 5h3. L L, K¥EOLH
WINC I B VR Hiflio i g, kit 6, K¥EOF v v
ISANEBERFETEZH - 229 REKRTHD, +—F
VE v VSABEITBT B RFEORE, EEE IO
EOKERAZHKE L2 VR a2V 7 VY OFEHEGIEA L Wk
W, LA T, VRaVyF v yEAICK S BRI 2R,
WBADD OGS JTCRELEIZ AL, AHANREL,
BAANDIN— R E.

F T, KWFRTIE, 32— 20, FEb L OREE S
B ICRBR T BEZ VR 2 v 7 v Y A HIEL, ZEAER F O
LR E ISR L ORI 2B 2 5572 ARNE, HIEL
VT VY, BEERIZOWTDEADZDDIA MBIV ZD
BIRIZOWTHET 28D TH 5.

2. VR &IZ

AR (Augmented Reality, fE5EBIZE) &1, 2 E2—4
ST, BEOMBUIAEN AL DOEBIMTEILNTE
L5 TH B, &L T, VR (Virtual Reality, (RAHETZ) & 13,
3V 2= 2 OHFIES M- AR & BIEO &5 12 R 5 Rl
THb. 556 %, VE (Virtual Environment, {HARBRET)
—MTH D, Thoong, EFEIFEELTED,
ZL DB TERLDDH B.

VRIZAR, 3Iavy¥a—2057 492 AkEIC
Ko TALMES N2 EZH WS D&, HEDFERE
FELEI V21— 2IZHDRAATHHET S & OBFET
5. BEORE IV E -2 ITHDADENCIE, T4
AATIZK S TEBEONF AR T LA —HTH D,
ZOFHEITE, EREER L, 180/ 2 7 L A o 2 fifH
PAFAET 5.

SREE, 28 LIZZhLlEos 2 5 Ellatb
VBRI AT EANTUREEL I RS, e iid, B2
@ D&H1Z, HAFEPLE L LETELL180° OMILFAR
WHRARE LRk 2 7 % 25 HAHLE (B2 (b)) T
A B 2R, 7 A THERLE Lo nl
REE b, Zhcxl, 180 27 VAR, 20K
Bh x5 &IFNAER (K2 (), sl >2LT
AATEMDATVAEG AT DTHS. ATV A
ek, WRMEERORL 55 S R T 2 &
12& T, H{ROBITXBEROLESAGETH . Z DY
FE, BREERCHZRE A & OB IIC W Cidd < 2 5 R
Eh Ty, EETIE, AAL80E D A 7 L A i 23 v hE 2
N AT BRI ATFHEE 2 - 7.

VR 5, AN TcomA»MRFEh Tk,
BAFIZ W OHEHORAN SN TS, &1, Pikns
RBEBEDSTIIZ BT, TR RER A N R A IR
HEIZRER (R3) TX5Z 05, BBAIZID AhTn

64), 5), 6)
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(a) Hemispheric camera

%,

(b) Omnidirectional photography

&>

c) Stereo camera (Hemispheric)
Fig.2 VR camera system

Fig.3 Accident experience during roller cleaning ¢

3. {EAEEE VRO 72 Y DRlHE

3.1 {ERE R

AMETIEIEEBESRE LT, 180 B2 7 L A gl
€ 7 Lenovo # VR # X 5 [Lenovo Mirage Camera with
Daydream (ZA3A0011JP)®] (R 4) ¥ & U Lenovo #i %
&2y F7a— YR VR I—2)L [Lenovo Mirage Solo with
Daydream (ZA3C0011JP)"] (®5) &ML~ &7, &l
s & LT Buffalo BUE# Wi-Fi L — 4 [ AirStation WMR-
433W2-BK”], Google @A XL AT 4 AT VLA T X T4
[Chromecast GA00439-JP® ], PC £ =4 (HDMI AJJH)
BEUVRI-ZLHT 24 2~ 22 2L ThEh
Ot (2018F12HIER) ERI1IDRT LB, 1y |

Fig.4 VR camera”

Fig.5 VR goggles”

Table1 Initial cost as of December 2018

i Tax included price
Equipment
(Japanese yen)

Lenovo Mirage Camera with Daydream (ZA3A0011JP)® 35,640
Lenovo Mirage Solo with Daydream(ZA3COOllJP)® 49,896
AirStation WMR-433W2-BK" 3,132
Chromecast GA00439-JP" 5,508
PC monitor (27 inches) 24,494
Face mask for VR goggles 1,944
Total amounts 120,612

ORBBEREEZZhZIHIMTHY, Ler->T, WEEI2ZT
MEET1LYy bOBEALARETD 5.

av T vy OHMEE, VR A 4 F12& 0 EfikEks K O
@Tﬂaﬁjéﬁiﬁbi, INEDT — & %#R{F L 72 micro SD
— F%& VR I—=2)MIZELRAD. A, gl zmi§iiE
6D KD B OOV RKERMG L 5. AW THAIL 2 VR
T NE 24 Y R7a—-VEEEh 3 FROEDTH %
728, ZOWRETE, VRI VT VY AIKET S Z Lo aag
Thb. LrL, ZORETE, S8 6 KB E OmifR
ERTOE208b2 56T, BHHERHMHELIES ZENT
EhRV. 2T, BSEEROEIIRT7 O &S5 ITERT 5 Z &
T, SRS T =T L S h MG A RS 5 Z &
T%, 72, AN VRI— LDy tu—J52#EEL
ENRG, SHAEBIED ZENUREE & 5.
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3.2 VRIAVFUYDEBESLXUHIE

VRIVFUvid, R8IT/RTLIIZ, VR XTI =M
ERAOCTAPICREL TR E B I ko7 £72, KFRHED
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Historical Transition of Automotive Technology Review through the Type 17 Datsun Second Report
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Abstract

Industrial products have been engraved the industrial standard, people’s thought, and social conditions at that time. Therefore, the thought
called dynamic preservation that preserves and exhibits industrial products which had a great influence on people’s living, as heritage, are spread-
ed worldwide especially in Europe for the posterity. In this study, we have considered that there are these thoughts and picked up the automobile
as a subject of research due to investigate the evolution of industrial products that are used so that we have decided to consider a method of
dynamic preservation from viewpoint of an engineer. Particular attention was focused on the historical background of the Nissan Motor Co.,
Ltd., which developed Datsun in this paper because the Nissan Motor had no experience of mass production in early 1930. However, from the
investigation of the mechanism of Datsun, it is understood that design with high safety factor is being carried out with an emphasis on reliability.
Therefore, the purpose of this study was to explore the origin of this design method. From the first report! , it was investigated how that design
method was introduced or was there any referred model. At first, the engine of Datsun 17 type which was made in 1937 has been dismantled and
compared with Austin seven in the same era. As a result in the engine of Datsun, the connecting rod was made from duralumin and the shape of
the crankshaft was different from the present day’s one. Also, there are many similarities with Austin seven so that the design of Datsun 17 type
was influenced by Austin seven. Therefore, we focus on inside the engine and investigate the shape of the combustion chamber or other auxiliary
equipment. In the course of study, we acquired a Datsun type 17 roadster made in 1937, which was donated by Ms. Kikuko TANAKA, and also

obtained an engine that was formally installed in the Austin Seven of the same era.

Key Words: Early Datsun, Austin Seven, Automotive Technology, NISSAN, Transition

* THRFIFTE R ok BRARZR s BRAN 27T TE Bl B 2019 412 H 12 H= 3



32 BB ARF RT3 - B R 2WFERES 55638 (2020)

1. [FC®HIC

FEh L, BT O 2 A2 5B R LN TE
DUl b eFEAZ 6N 5. ks, HEEIIIFEI N
72 MO 2B N2 DEER, T4 b BRTHIIIAE Ok
T, TEOKERENA 7 T 5 A2 OIRN, %EIZZR
SR BRBEM e & OFEIIRINZ % < Ol DA h Tn
BNETH5.

JESRWEBHE (e 2 M) v o —) 2ERERGTET S Z 213,
PEERTIZAMOEMEHOEE A LI LTEZ ST
5. 72, AEEREET L, EOME LT, Bk
IZARE - AB ARG s & 2 RIS 720, #1TF
EEURETAEE S RILL TS, BETIE, A F) 2
S A EEYIAE 1972E08), 7 7 v AEL H ) AR
(20064 ) = 2 — 7L LAfE) 28 6h, 7X VDNV
Ve e T —F - 32—V 7 AT, 7Y HPlT AN
B & HBEIHIC D A2t 2 5B RR M A KD T & TH S 2
IZLTWA., F7z, ROkoBABHEES(IH S L5 1IcaHt
OB ZBRRT L HfE A2 RFE e T0b, FRIFA Y
DA =A%t £4 45—, BMW, VW )L —7, KiL¥ =z
7 W EE OB, BR, BWRIUEIC S 0REEERL
T3,

29 LRI EEEIC, 193048, KA I2E > TRAOD
BRTH O, BERSHIZENDZ S & HAD BB SR
i AR ICEHL D fH A, BUE X 72193742 H 2 14 Bf g 4l
Zoy b VRRE F—LF - &y b Y) a8 E L
THEY, MIRAMEDEZLICLE A=A P - Fy bV &
13, KRBT 19304 IS pE X e, £y b
YU EETRH TS S, 22T, LEMUBOMELE, il
FHOHR D & BYRELRAT D 71k & JEMET L 2285512 D 0T
HT 5.

2. AREEICOWVT
2.1 A=Ky g

H B HI319334E12H 12, EEROEIIFEMIZL - T
R TR TV, ZOBWIE, 19334 3 A2l E & 5
BE Lok S thic A A ED, £v bE
B EEELERRA 2 L O B 72 KBR T T, ANHHD &
Ml KREBEHEO 7 4 — F & 2R L — OB % 2L
T RIS - 72, BEIINEKRTIGIEEEICE L Thsne
EZ, 19344 I3 MIRIC R A BUS U, BRE TI558K L 7=,
ZOTHTIR, TyVy, Y i—2bERT 4 2 TO—EE
PENHIREE 20, AARTYI L 5%, [Epg/ IR & pgH§E
DRKBEHEFENIICE 572, ZThLEHIZE BER D00
HEGH DD, AL NIEHEOAF — 5 %3005
AFELTWEY. L LAaRs, A—FEFRL Y bV E
WL T1 %Izl enrs, METHTOL Y by
VEREE, ARICBI ARYIOAKO GEEE TSI ENE
WYThb. Xy bFvid, BERTHTEEENTTREE &>
7-HER, 19324F12, 150875 572 & DA%, 19354-1213380075,

Y — 2 D19374-12138353F T HIMIL, 2 R KB £ ©
12338721 L7z (HEEABYH LM &R [5y by -
T—aAR=Z|12k3). BEICKD, S KFBIZTIET
Foh, 1935612131 & 2 A1900MIz A& DY, /NG A H &
LRI L TR e 4 £) 28OF —2F v - TV
L, HADOHIBATHATES L5 12% 5720,

2.2 Sy bhy178R

LUTOBH” S, &y b4 V1T EZERIHRA .

(a) MZENERET O T Tl 6 hzMEFEOBBH TH 5
Zk.

(b) HATHD CEEISRIILEZ L.

(c) MRERHIOKRYE LT, BETICAMZE HEAH)HE
DG ENED 5 Z &,

(d) HFEBEZ 0720, BUFL TV 3EAS L, ATOD
HhdsbZ k.

(e) BIFEMNZL, MMEIRNHED ST L.

NEFOEND.

KFRANOE %21 7= BRI EOA — L F - &y b
VA, HEREATRAD S, 404F 0 HEh TE M N T
Wiz, REFREZR R (HEANY 7 — V¥ ZRERR K
12&k3) Lvnbh3 8y b VITHAEREDZFEZENT
72 BHERDPTH 20, F—F -tk vy v iER
FThH—N—FR = A PRBEEDI 57 (HAKZ TV 92
=25 TEALy MY VIFEFRAIERIR) 25, BRI
R3O CRIFCH 7= F7=, HRAEOEIFE HiHiok
FIEBEE) 75, EE-HPDOIY YV - ARTIS=V L
surspav—%, EEROAKRs IV v s -7 TEH
Sy b VIR, AFEFR2 51, BURESIAHER 2 1 o
F4 vy FEXVPER MV EEDT Y Y VERMOZIE %

2 7.

3. MRERDIRIE
3.1 F—XF> - wTLEDLH

R EM® BI2H 75T, Yk, NI HED IR &N
VFv—sEnbh TWit—2FY - v TV EDNERE R
ZkoTz.

[, 4 F1) 204 — 2 F v (3 19224F 124 58 % Pk
L, &y by Y EIRITFABNCAERE W72/ NSEHETH
D, 1939%F-F TIZRG29TBEEFEL 2. 9, EEON
RRMVIER T2 L5129, &y M Udt—2F D
EZIT TN, U IZONWTHIRL =, iR 4
Table1IZ/R"d. Ak, £OF—2FV - T VDKL -
N— 2%, 19314 ICIER X N2 2D IR B ORE X & it#flT
5. %k, £y b FUVITRIOZ YDV ELF -2 FV - &
TVTIE, RTENPETRAESD, &y MY V13RI F —
AF T vDLY Y VDORTHEBELOZ b T — 7 EDE—
ThHY, YV VA FEELCTHE I Ehbr o7k,



Loy b Y5 RS EBH O %8

F—ILF -
Table1 Specifications of Austin - Seven and Datsun
F—AFY | Ky by 5?;Y/
T R -
SfRif 4 4 4
ISILTHR | A F2SLT | B4 FNLT [ 4 FNLT
A7 [mm] 56 55 56
Abm=z 76 76 76
[mm]
#adkx R [ec] 747.5 722.34 7475
JEAfE L 5.1 5.4 AHA
?gigj%av) 105(7.83)/ | 16(11.9)/ | 12(9.36)/
2400 3600 3000
/rpm]
K4 -
Ne 2 [mm] 1905 (2057) 2005 1980

3.2 HEOEH#, XHOHAZE
KA FHEMANDOHGFAE D 5 728, HIFORPER A 4 1

SOXHAEAE BI85 T LIl

LA L, 1937454

2T SN2 613, HARGENH» 2N Tdh 51300 2,

TV VRHBHEOHEIC

DT, BIIZfibhTns g

DERRLD, BEICIHWTE AN 572, 2T, &TO
HBHEHEE BRI T2 e DICERRA S Z LIZL
2. Fig NS YOO AR T

3.3 B@&TEORALIUMERE

AR O FHI A B A,
T Y VI F a2 BHEC
LA 2 Bt % 15 % 728

BHlA L 7=

BT LT,

BRIkt

IR OJEHE & IREDHER A 5
ZARTIS— T

, B OB

WMEEOHAMERIZ, T X F 4 v vy N [H B meE e

FaINIVE] LRXhT0z,
VERWSREZ

ARV

BROHETIEY 2 703
BRI IE LW A L 7z

WEHESRED, 33274 v ray FOEIZ2.846
LD, VaINIVOXMETH B, 2.80Y LA 7

F 72,

WH, IX T4 v ray FORMEHIC

&, X7Y

THERWERIEDY 2L - X7 VIR EEMAS. LT A
N, Xy b YT, THERORT ) VS EAT, Y agL

IVEIpaAx T4 vy FAEEY TV o E VIS

W7z,

4. 7 - BERAER

4.1

ERICTICOMBE
Bk, HiTy Yoy v A

#LT

WL R

Rz ohiz/zd, iy O VOO LEBZI RS 2 &
IZUL7z Hi{iz vy D VOO LD, £, o vk
HK, ¥7E2BNTOBEHRL 2D, RIEDOIRREIZ L 72,
FEHERFIZHZ 7L —vicu—T 4D, 2Ou—T%T
YUVIZEEDY, RIEDOFRIL M ESNL, TV VERS

(S H)

2 ROt =30
e gy e 129N
r WL - 2.795k¢
e - 1,1908
e & - 1,6008E
bR o
M) - 038}
w nil 1,049
EMAE. .- - 6,20085
L SESREOTEE - 1758
Jﬂlxﬁt(u!‘ﬂ“) 630KE
2 (Fx=ps .
R . it
Y4y -k -
' [
"3 m &""""““"“""“""4
o
78 RATH -+
BATAEEL- -
iiﬂuum--
" 5 N
B O

K M JE--
EX} /'Yyﬁlﬂ!{r&
7r xf: L
EAbv. wm‘! - 158616
177!/9'-‘/!;/.':/1‘_,“ B2.516
F{reabn-wey s r—g WK
Bty Frren FoTH YRR ESR
YaPrivrfl,
PPV T b REEMN,
r o 73y e v TikI206 % 3516
# 8 R s AT e
ek 30x<72x1918
moe Hig*~ 7R MBAK
MikLo
[ Kelatp g = BT g w0,
FArPIa— g MEONREN
L. ﬂ!iﬁﬂ&!&ﬂ’pﬁfo
LR T2 k320 RI8H

33

2 OB 04BN er TRty
B F = BOER IV P e nrF
R A %2 e MARMILRES
Aep 2N o

W R L TR AL R
P94 =— - BFHEEHE 77,
i To WINANAER 63k (l-ﬁﬁﬁ‘u/)

BHERR:- - T7a=zp 7,5, AHD

F iy [T AR R I LY
2y ITTHMBNT,

£ & --Biliy -vy oAk, 2HDY

ARSI A LY R0

(S#m)

T punee LA L EN

'"H'ﬂ’!‘lzﬂlﬂﬁﬂﬂm

LB K]
WR=R, BB—-R.
O W RBR, MEIESH T, R

583¢1,
Ll S e E ol A
4 O 200 ¥E. ST UGS K. BiARR
A Te
BRRe----Tok—-a BeTey p— X,
MNEMNRLLMER 277 4.
o=ty OPRIEEE Taex,
Zefil s
8 OH) DIPTSR, 2 5 705K
£ (fR)- - AR BUETT R, B 2 4006
VERPPeTTY =t BN R R T
BTAFeAREIAY~ EHMIZTI L Fe
A#’t“.’Af?‘—JE FymPperry
| h-tlifnn LR LRSS
- 400~

P 16t 0 = o
" ok rmk "mx ZCk T RIRA
#+ M= H,m&ﬁi Lt

—fll, BHEHDA ’!l
-8 3 Il'i.ﬂtlilﬁt bR, Hﬁl‘t
kR, BSKREEA > £, K
Biﬂl mBaAr L, HIMI A 1!!!

(Im TR BT 5 W 2L

Fig.1 Specifi cations from original manual”

L 7.

IYVVERALLG TVVVIZOWTWET 4

2PV Ea—REFILE L — &5 EDOMBIEARD 4 L 72
Fig2l25 4 2A b)Y ¥ a—%&, Fig3lZA L& X — & %R
WIZZ YDV PERIZOVWTWB AL WISy EX 4 LT 4L

2 =W sL 7.

E—RIIANTF DX B DR TE .

HLEZ A U VNGNS F AL

BT 5 mHK

(/=5 F) EFANDBRESEZEDTHD, Bl

ML 7z
ZEeNERKEEZELONS.

WON LTy v ORREB T 557,

ZhuE, B, iESh7=Z &1

KODEBELTLES

|7 S NN N 57

BNIZHBEICE->TEHEL TR, 2752y v 7 g

TIENTEENP ST
0, #R,

Lorl, A4 NLEFEATEHREICK
DRSS B ENTE .
Laxs T4 vray FERT.

RIS, 774 KA = LOHD L ERAZD,

Figdlohh L2z E % b v

Ty bR

@hf%b,W%%WK%%IET@%TZ&ﬁT%&#O
7etz8, RO VARED MDD &, WL EE

ZkE-o7z.

KO ITHE L UEZ D 7.

L ERTY.

ZORE, 2HXTI IV IV v T P AEEDITEN
Fig.5(2

DL 72T 54 KA —

BTy DY ONRERZ, FHEHHTE 2, E 5 » MG
BELIZEZA, V) YENOENEELS K- Vo EEEBZ
BOMEND 7720, SHEFHELYy D yov ) v a7

a2y 7%l

Z e wGD, HWRIRERRWZXRTZ VDY

DY) vETay T EMHL, BDkvoSs—y aHiET Y Y
VHLELY, EETEREA T Y D VAT A 2 LT L 8
mid, Frid e b A A, HdiElin T & AT N #E 2 RS ) T
ST, SHOLSICTFRLTREAENEHALT, %
Sl — A BT S Z L BBRERED O L DTk 5.



34 BB B T TR - BB 2RI 55632 (2020)

R g s g e T T T p—
Ead e aer25a507 00k 234

Fig.2 Dismantle d distributor

L] . T
PS4 56 b 2345678901123

Fig.3 Dismantle d Dynamo

Fig.4 Dismantle d piston and connecting rod

Fig.5 Dismantle d Flywheel

4.2 ~HEAIE

BTy OV EART I YUY VEMALEDEBIZHD,
YY) VETay IRFOMIS— Y DOSNEEYPEL 72 F
ME U 228 O X1 % 2D-CAD & W TIER L, 5%, @
TERGE B 245 2D BHRH Ly s — Y O § 555
fEHTE 5 L5127 ZOMR, 2TV v
AFEONEZ, BRT D0 ) v AEED 1 mm BEA
XN ERbh ot ZHUE, AXNTIUDUYRE—Y VY
ZKkoTERT Ty T EN, A —N—H 4 T b VflAA
Fh Tl eiihsd, AubhTnh/EY 2 v OEIERIC
i, 04 DHEAPHERTE 72, LALANSGART LY
CDVEHRTI YUY, #EZIZEZ b v OEKAFHIIL
e Z A, kYA XL 7z+04F — N =4 T
HARTHE 2 & DIZ 2 X5 LATHEL TN Z E AV HI L
7o, BEEDEZ A, +H04% 2K AN ATTE D0, BHET S
ZENAREPBEI L TH Y, SHROBEL L 7. ZOFHID
K212, MEOFEIIOWTL, FEIEEEL L TOHBEHO
BIREMRAEDO VL D DRIBESTH 5.

HT VDV EART IV VIZDONT, BEHOTERIE
RITEND DTN, FHOEWTRY =55 5727
W, S—=VIIWHTTHETH 5 Ll L7-. Fig6lcs ) v 4
Jay s O ERT.

%

%

—

O

o

=020 0> 00— 0
-EBOGO
0 e 0 oy O ey O m O

Fig.6 Drawing o f cylinder block



F =L F - &y MY 6 RS B HETOZE (W) 35

4.3 aAxUF«14>J8y KOER

AR TIEZ Y D VIREICAG T, 35747 ay §
DR E Lz, ZOBE, Bhygs, eG4
BZhH-0, Tyovavy ey a), B S0
HADRSAIE UGEAR. SUEEANZ SRS U s &
e L, aGosnweEIMHL . 2y varyTy
YaFiiliE, TUVVADZAT Y FLNL T R EICHET S
H=RYRAT VDG, BRESTREL T IANLAT L —
ThD. TN, KBS OB A & 2% 2BV S
hTwa, £/, I, A BREOBhRHEEEET
BRICHERT 2728, MBHCERELE 52 FI0EARE D S
DTRAEVW»PEE L. Fig7lZiERiioa vy oy FaRs.
WRETE I — RV R ANITL B 25 9 VEEFEAN LN
ERbrb, Fig8lTyyyavsyavad, I, =Y
THRHF L BOMT 2R, WENBE L@ -728D
i, TV VaAVTF 4V aFTho78, HETETNT
DAXZF 4 vy FEZYDYyAVTF 4 Y 3 TR
A LIZL 7.

4.4 ARYT1>T70v NRKRILEOFE

aX T4 vy FOMALTCORE, ax257 4 v
Ty FRL FORBEBED N Ehbhrotz. £/, T
FSURARZy MG, AXTT 4 Ay PRI MIIFKE
BRI 57280, SRERRIIESMRE LR R
WET KN 2 %872 LMo T BAFEOAL b &HlE L,
X # 1R L7z, Fig9lcax2 54 vray FAL D
BERT.

SFEEMES &, MSHIH A Y CTh o7, 22T, bl
LTWBHRL b EFHOA.TE LA, 2RISR T
BEAOALPASTHD NI N TE AN 72, 22T, H
JESHEOWE 2 U2 fEHR, MIEME D0 2mmIZE kEWI &
Nhh oz, FIERMISEDT 2 K5 MTE LR, HiizEE
TIMED Z R AL 5727280, BREDFRIL b & X% 3
FIZRD, BUEARIEL 7.

4.5 I %7 bL0axI7120y FOMLI
POt 7574 vy FARL P ERNT, WIRES
533057470y FOFPSREMTH Y, KIRAE
—DEDEHEY, TV VICHBAENRTNE I TV oYy
T MM L BER, vV o vy 7 b ENRX LS
ERAZZ, M ZENTEENP /2. ZIT, 750 0E
VEBAMFRDEEEE T X T 4 v Ty F ORGSR AEEDHI
EEBIhoEZh, VI3V VEOEENIKEL, Kk
HSNEDNNE o 12728, 2T 5V ZABARELTEHED A
FTIENTEROWE DD 572 BIRORT Y v 725/ O848
I2iE, R7) YOSk EEDYE SR, ThERZENL Y
M VDBAETIEAX Y T 4 YTy FORGERINGEE & —
ZVIMTIZE D REL TEHMERHS. LirL, ZONT
IZIZE OIS AR X N B 728, EBRREOBS,» 5, Y

Fig.8 Connecting rod af ter ¢ leaning up

w >
r—'. uw
4.1 2 9 o
_ - = o2
T =
- =] — 15 -
5 =
2 26.5 2.2
49.8

Fig.9 Dimension of connecting rod bolt

FBITMLEKI L 72, ZORR, 27 v v v 7 FAED,
YA bV IERIZERO 7.

F72, HPMEHIC, L2 BsEU0r 5 v o€
VEBEENEFME L 2 kTR E 2 A, BRMEET
fi> 7= & XK U 2 EBOMN M 2 Z KL T, 1R
FED THI> T ED T EE 572, ZHIZED, TRTOH
MTCEREBETH DI ENnbr oz 2T, MIAE
THDI Ty oV E4A»HREEL . $XTH04AD S
0.6mm X EWIE SN T\, MLHEDZ 7 v o ¥ VEICH
bR TARIHEMTENT NS0, NESTRTHRL S
o7z 512, HPMEFOT» 5, M ORI,
aAXT T4 vray FRL N EROMT T8, BE by



36 B BEACE B T AR5 - BB RS 63% (2020)

196N - m THiD B LI 7 P4 AW b 7= Thid,
fOMTF L2, BEEER OB ZFHCEETH D, W
O TERLEXFEXRRL FOHEEIZERE7256ThH
3.

5. EifiOEE
5.1 aAxU74>70Yy KOEE

Ly b VITRIOT YDV, v v oy y 7 b
FOF 4 vy FORIZA ZABHNS R WD, A
FTHZ LI BUEOT VU VIZE, R T ) v (Y o
- RT Y V7)) BRAfRIZHWS TS 2, HHEh3
DHNZED A 2L EWHEN S & ON— R TH 572, KD A
A B, WL 7=X7 ) vk OSEy b A 2L) BTy
Oy N RURERIZE LiA A, RIS RUE N i & TUIHI 5 1%
HBThB L, ZOLSBBRDALLEL Y P V1T
Moy viZidunshThkhr o7z Zhid, Ko x4
NOBEEIZE, P L A RETH Y, BEEPIBL -
0 OHEABHIZIE, Zhe D% BFET 572008
MBS D522 ENHER NS, ZThUsosEh
LLTEALGNDDIE, &y MY VORFEHIN ST, 75V
ZHDORY U v I VHEAEBEIZL L OICIEME DM S M
BBV, RV IVERY LTI VBEOIR T4 VS
Ty FEAVTWEEZEZLNEY, 2750, Ry Yy Iy
FUICBT 2 ERHEAD & <, FAMGERZ E h Ty, Loy,
25OV 7 VAR T 4 Ty FOMIZ A ZILHH
WHNE, WEBE OB X IZEREWE, 7T Vo YO
ZORHMD, HEOEXOREEL->TLESY. ZOWjIEE
LT, By b VITHOIX 2 F 470y FIZIERT
VY IREOWS prOEEAHOSENTHS & PRAETT
MR A B I k-7, MEHRBRAZIAEIITHD, K%
OB FEAED Mo e &, fFEEB T k-7

Wi X FAER &, AMEREREEDETFEM LT 20, ZD
720, glonrniz UTERNIEBE 54, ZOEBIVI
SWEEMONEHET IR TH B, SO X GRERIZIE
Yy — AW XERER A W2, oy — 2 S IZUAHEY 5
Iy REFEFENSE XA Y E Y FORAMAL36° DIZIK
LB 0%, RIS LIAA 24 & 4 U - TR & m Rt
DO ERDBEEDTH 5.

SR, £y b VITHOY 25 viEllaya .y RAA
ZMZE LV X 2> T\ =22 Il CE snW=0, Hig
R & UTRHEN LR 2 4L S2000 (20034EX) @
A B —HEICHE X iRk % 55 2 & 5 72, Table.21Z iRERASH
%, Fig10lct v — 2 X RERCO T 2 IR A /RS, 20
WERPSHy b VITHOT R F 4 v ay Fid S2000

i

Table2 result of Vickers hardness

Ay Y U17TRID
I3 T4y R
HV107 HV136

S20000 # & )v

DABNKY BIREPNT20, oA &I & L TOHRIZR
LT3 ENE 5.

5.2 BEEOEE

BRI LI, ) v aNy P RO E 2 v & TF
RENBZEEOZ L THD. NLTEERH, HAKT 770
Wi, EA by EHOEAELSOERIZED, ZOBIRE
Wb, HIVVIVUYVOBREEIZE, vy V),
ISZ TR (GE), FEE, LEE, XU bL—-TE (B
R, ~a VB nrnd 5.

PURBERE L, BRI IR L 22 BR I U A B x L ¥ — &1L
HIEREEHEIEHOVEDOTHS. LEn-7T, Bite
ZEROEE KA AR, A LIREE 2, e 5494 o
NV EB TR EWAOMED, TR F — DR L PE T
LEBEAMERD. ZDD, BBREOBING, M=
R 72 Tl <, BT ORI ARHEIC E TR R B &
7.

IRIEE L BHER AR — P OIBIRAUET 2L EDRAL ¥V ME
WL OhDH D, EERICOWTIE, HAREBRBERO H 2
B, HPMITKRICHTZEDTE 3K — MNERMESR X
5. 7, FEINZRAERDE K LUEE, KE1nEPe»IZ
RO E TEETE 2 L9 BORBERE R Eh 5.
W Z UL, KEEIRIEEES ED Z E A EE S £ 5. (AR
W BE R TRl 2 - 2 IRA R, PRIV T 5 ED Ky b
ZEy Mo THEHEALTLEDbAWY, 20/ v o
PERENZ EREBEE L5, 72, FUAEOMEEERL 513
FRANENED A, BOBESDE L IENLL 55,

I - IRAEREER T, Sk 308, A Sh 2 RE
KOFGEDBEL, v ) v AOPTOME=A/NE L, R
ICIRBEA B2 D728, V) VANICEIZ 252 208N H
5. ZFZT, WAShRRARICIHESELS (2T —)L) Mk
BExA527-0, Ny FEE2 b VOREBENLS LT, %

‘m-? BN
Fig.10 mark of Vickers hardness



F =L F - &y MY 6 RS B HETOZE (W) 37

ZIZADRAAFRAEREY 2 v MRICHULEY [2%y v a
IVT] ERIZDTESENSHSB. LrL, F— MNEkE
B, WAZRKES DAL TEWEIE EAD, W AE— b
ICORDEMAD AT —AGHEER TSI ENTES, &2
AR, 29 L=FHETIE, KEDRAKSEERTHRN 54
3, A AR T TLES Y.
DEDZEeuaEEFATC, £y b VITHOTL Y O VO
WAMRT 2L, YV vaTay 2 NCBHER SV T, Wk
KAR—bEHLT YT MEMA, SLTHT) Y EOIMINC
BEXNTWBZEnb2 s, ZOREIZ, BIANHHTH
% & DOMPER DTN EME TR K E <, B0 a Y
287 MEIZHEEL WY F 72, BBERAA S BORCE AR &
5O, MBERORMMAKREL 50, BHBENIKEL L5,
MAT, HKT T2 h oMRIERRME TOMBENR N9,
KEZIBZ 2 HFE AR, BEBRESRERT L, [T
fith, BHMLIZEIARAZETHEEZ e br 3. 72, b
ML —2F v - ¥ TV OBRBEIFIRZFE LS A4 K3
THOENS, Xy N UITHME L 5 T/, Figlt,
12028y b VITHIEF —2F Y - BTV OMRBEE 21T
LAL, F—WTElBNZ L1, 19308 DM HIRI T,
IO I35 <, KEANNABE L Xhkr 57,
F 72, HPEIR, MBFRPEEZIED 220D A= HTHD, &y
P UDOI YD VIIRENEMTH B -0l D e <, H
EATHANCESTY, PIOTOHTH 72, 22T, i
FHNHGE S N2 BR LA WT, FHTZ580ICL
Tl E B,

5.3 RITLDOEE

By by, F—2FV - 2T VI IO S2000D D
RHEB L 72, HIE L, EhEEE, 20 kP Tk
PR A e, WS A YL — D ERE L, #O B b
10kg DED % FHHE L /2. Table3lZiZDIES], Fig.11
WCEBEO Ly bV, F—ZF Y, S20000FERETRT
FEDFy b VEF—Z2FVDOIRRAEZ, KEXRBEIC
BUEDENR SN 572 UL, S200 &t iy
DUTHDBD, V)T PEIEKEEZ LTRSS
NETHEREV., Lp>THEMENE S BT 7201207
2T VT OEEKREL T EEEMMELEX > THE0
TV LHENTZ 5.

$72, MEOHEEEZ B Z ko710, AKRFICHEEHANDS
BN 572728, FARTE LN 72 T T, KEHEA
DIFER BB IZB W22 2 A, SWOSC-V &5 HH T
BAEWALOOETHD, ZHIZOWTHEL 2. ZOEE,
FIEROER Db A -7z, 1940FLIFTIE A ¥ = —F V8o
Y7 IR T Wz, 1940ELIFRIT Y 7 7 S [E pE
fLAsidh 6h, MiZEBHRIE RIS E U CEREY 7/ 08
FRfLEhi. 2ok, BEHEFAFRIZDME LTHEF SR
3 &7z Wik, BORK DA A LT v i BGE
BTS2 &, thAlcHEHEARIRE LTRASh S &

i

5171,
TS24y VY, F—2F Vv OERTIE, TR
Y7 AW ENTED, BIRTIEA A LT VI SBRIZE 2
52T, TV VORNIREKRENEREIZL TS
ZEMbhrolz. KV FS2000D3RERE, £y bHY
BEUOF —ZF VO RERERELSEND 5. Thid
VTEC (WZE/3)L 7HERE) 125 %. VIECIE, #4> v 7
Mo lfE s K OMRMEEH O » A 23, Z2ZicHd5ay
N =T — L% EOMIREICE L 2BICU 0B A, LT 4
A3Ivy - )7 M REEXEEMTH 5. ko, &b
RS, TR 2R KR EL 55720, ITREK
MRENWEZ Z /-,

Sradfi
Fig.11 Combustion chamber of Datsun type 17 and Austion seven

33

DATSUN

AUSTIN S2000

Fig.12 valve spring

Table3 Valve spring

JTLORE | fiAZEX | $hEk

[mm] [mm] [N/mm]
Ay MV IN 45.5 38.0 13.1
Ay MV EX 45.5 37.0 11.5
F—2FVIN 41.6 33.3 11.8
F—2F vV EX 40.2 32.8 13.3
S2000 IN 48.8 47.0 54.5
S2000 EX 49.7 47.5 44.6
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Experimental investigation of hydrodynamic lubrication characteristics of
dimpled parallel plate bearings

by

Terunao KISHIDA
Reo MIWA
Norifumi MIYANAGA
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Abstract

Creating of dimples and/or grooves on lubricating surfaces is a recognized effective method for improving the lubrication performance of
parallel plate bearings. It is known that hydrodynamic lubrication characteristics of dimpled surfaces are affected by many parameters such as
dimple depth, dimple area density, dimple shape, and lubricant properties. However, the effects of these parameters are not made clear quantita-
tively. This study performed bearing tests for revealing the effect of dimple shape on generating fluid film forces and reducing frictional torque.
The fluid film force and frictional torque were measured in circular and two fan-shaped dimples under constant film thicknesses. The lubricating
surface was also observed for clarifying the relationship between the hydrodynamic performance and cavitation occurred in each dimple. As
the results, the circular dimple indicated the largest fluid film force, whereas the lowest frictional torque. The cavitation area within the circular
dimple slightly increased with the rotational speed, on the other hand, those of the fan-shaped dimples linearly increased. The results suggested
that the emergence of cavitation bubbles and their growth within the dimples were related with the hydrodynamic performance of the dimpled

plate bearings.

Key Words: hydrodynamic lubrication, parallel plate bearings, dimples
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Table1 Experimental conditions

Rotational speed n [min™] 0-600

Film thickness h [pm] 20-50

Lubricant SAE30

Temperature T [K] 298

Viscosity n [Pa-s] at 298K 0.21
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Fig.4 Experimental method
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Influence of Grease Rheology on Frictional Torque of Rolling Bearings
by

Mitsumi NIHEI
Reo MIWA
Norifumi MIYANAGA
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Abstract

In this paper, effects of flow properties of lithium soap greases on torque of rolling bearings are discussed. Firstly, in this study, flow prop-
erties of three types of greases were measured by a cone plate type rheometer. The results were fitted with the Herschel-Bulkley equation and
mechanical properties were revealed. In addition, viscoelastic properties of the greases were measured. The crossover stress which is the shear
stress at G'=G" was plotted against temperature. Secondly, grease flows after a bearing ball passed were analyzed by the PIV method. Finally,
bearing torque characteristics when these greases were used were measured. As the results, the greases with the higher crossover stress showed
lower fluidity and relatively lower bearing torque. On the other hand, the greases with the lower crossover stress showed higher fluidity and the

relatively higher bearing torque.

Key Words: Lithium soap greases, Ball bearings, Rheology, PIV analysis
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Tablel Test greases used in this study

worked Apparent viscosity [Pa-s]
Thickener Base oil | penetration | (Temperature : 263K,

(298K) Shear speed : 10s”)
m 365 90
| L1 |Lithium soap | Mineral oil 320 149
L2 271 313

Table2 Test conditions of constant flow measurement

Shearrate y [1/s] 0.01~1000
Temperature T [K] 313

Table3 Test conditions of oscillatory flow measurement

Frequency f[Hz] 9
Amplitude of shear rate yo [-] | 0.01~100
Temperature T [K] 293~333

AKWFZETIE, Eq. (1) 12753 Herschel-Bulkley /7 2 2"
IZ&k-T, 7Y — Z2OFERHEERPIL 7.

t=7,+by" 1)
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Wk AR ZFRd. R G [Pal, fHABMER G [Pal 13,

Eq. 3) XU Eq (4) TZAZTIKD7.

G = (g,/ vy, cos 0 (3)
G = (6o/ v, sin 0 (4)
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Fig.2 Experimental apparatus of the oscillatory measurements
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Consistency factor
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Combined Processing of Electrochemical Machining and Anodic Oxidation Machining using
Phosphoric Acid Aqueous Solution

by

Nozomi KODUTUMI
Hayato KOMATSU
Takumi SUZUKI
Mitsuo UCHIYAMA
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Abstract

In this study, experiments were performed with the purpose of realizing compatibility between ECM and anodic oxidation. Both machining
are generally performed by different machining devices and type of the electrolyte. We confirmed that both machining could be realized by
changing the machining conditions using the same electrolyte In the experiment, both machining was performed using phosphoric acid aqueous
solutions as the electrolyte by varying the machining voltage, electrolyte temperature, anode-cathode distance, the machining volume, and were

observed machined surface.

Key Words: Electrochemical Machining, Anodic Oxidation, Nano Hole, Oxide Film, Phosphoric acid
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Table1 Price comparison of aqueous solution
Raw material Aqueous
(power, liquid) | solution (10%)
NaNo: 2580 ven'kg 114 yen/]
NaCl 1736 yen'kg 80 ven/l
H;PO. 3498 yen/l 350 yen/]
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Fig.4 Experimental setup

Table2 Experimental conditions
Workpiece A1100

Electrolyte H,PO; aquecus solution
Concentration[wt%)] 10
Temperature[°C] -10, 0, 10
Distance between electrodes[mm] 1, 17, 35
Voltage[V] 75, 100, 125
Machining time[min] 10
42 FEZMH
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Fig.11 Test piece of affer processsing (Anodic oxidation)

Table3 Experiments conditions of Test piece (Anodic oxidation)

Experimental conditions Experimental conditions
Gapwidth: 17mm Gap width: 1mm
1 Temparature of diglectric working fusd:  -10°C ] Temparature of diglectic working fiuid: -10°C
Vehage: TEV Veltage: THV
Gapwidth: 30mm Gap width: 1mm
2 Temperature of dielectiic werking fuid.  -10°C 9 Temperature of dielectric working fuld. 10°C
Velage: THV Veltage: THV
Gapwidth: 3Smem Gap width: 1mm
3 Temperature of dielectric working fuid:  -10°C 10 Termperature of die lectiic working fuid:  10°C
Velsge: 100V Veltage: 106V
Gapwidth: 35mm Gap width: 1Tmem
4 Temparatuce of dilectiic wordng fusd:  -10°C 11 Tempanature of dielectric working fluid:  10°C
Volage: 125V Veltage: THV
Gapwidth: 1mm Gap width: 17mm
5 Temperature of dulectric working fusd:  0°C 12 Temperature of dinlectic working fuid:  10°C
Vosge: 100V Veltage: 100V
Gapwidth: 38mm Gap width: 35mm
3 Temperature of dutlectric working fiuid:  0°C 13 Tempenture of die lectiic working fiuld:  10°C
Velage: 100V Veltage: TV
Gapwidth: 35mm Gap width: 1 7mm
7 Termperature of dulectric working fiuid.  0°C 14 Terperature of dielectric working fud. 0°C
Velage: TSV Veltage: TEV
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Fig.12 Test piece of after processsing (ECM)

Table4 Experiments conditions of Test piece (ECM)

Experimental conditions

Experimental conditions

Gap width: 1mm Gap width: 17mm
1 Temperature of delectric working fuid: -10°C 7 Temperature of dielectric working fluid:  0°C
Voltage: 100V Voltage: 12%V

Gap width: 1mm
2 Temperature of debectric working fuid: -10°C 8
Voltage: 125V Woltage 125V

Gapwidth: 35mm

Temperature of dielectric working fluid:  0°C

Gapwidth: 17mm Gap width: 17mm

3 Tempersture of dekectric working fluid: -10°C 9 Temperature of dielectric working fluid:  10°C
Voltage: 100V VoRtage: 12W
Gapwidth: 17mm Gap width: 35mm
4 Temperature of deolectric working fluid: -10°C 10 Temporature of dielectric working fluid:  10°C

Volage: 125V Voltage: 100V

Gapwidth: 1mm Gap width: 35mm

5 Temperature of dielectric working fluid: 0°C n Temperature of dielectricworking fluid: 10°C
Voltage: 125v Voltago: 12w
Gapwidth: 17mm Gap width: 1mm

Tamparaturs of ditlectric working flud:  10°C

6 Temperature of diclectric working fluid: 0°C 12

Voltage: 125V
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Fig.13 SEM image of electrochemically processed surface using
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—10°C, BMEFEHES5mm OFE, 17mm OEREE KT
L7z, ZOHEME LT, BN LI Lo L&k
DN EZ NS, EBRIMIIE, WEIZENT 5 5008
fREER DB X D BIROWN A BLEFT 2 4, AR P
EIABOEL ML CoME L, Bidmhs” 2. B
LINTIE, TSRO HREE L E A R & h 5 72, L
PHEATT 5 L HICBRFEEMET 32, Lar-T, Bl
BRALI T4 % Z & b7z 72 0 TEMR A EES Smm O TE Fi %1 A3
B 7om OBFREEICHNETLAZEHFELEND
F7z, ERHMICE D, MTRAICRILES R S h T b
ESHHERTI0ELH S,

Fig. 7Ok &3 Fig 6D S & RIAROEI & 7 - T
5. MREPEEESY 1 mm OFRE R K D 35mm ORE RSB L
7oBRENE, JEIR U 2N A KA REK L E A SR
%7,

Fig.8, Fig.9, Fig.10Ti3, ®|HE125V, M IiEHEL0C, &
FafE R3S mm DA DRFEENIRKE B> 7. IR0 TD
BALRERNMML TS 7%, mEMHELA 22
IO MTEEoOm EEX S ZENREEEZ NS, L
L. B AR &3 2 LI X 0 INTRE 1o 28
T 728, MIHEATICEWE LT 2 BRI PR 2 —E IR 552
Btk 205 BERH B,

Fig.8, Fig.9, Fig.10% & OF Fig.11, Fig.12&k » B EE
BEAL TS DOEBRERSEIML, BRERIMNL TH
5 DI Fig120BMM TN B I abhTnwbdtEiLbh
BREOMIZATEEN TS I EWERTE 7=, BRE
KT L, BREESHED LTV B DT Fig 110 kg
LIMTABZEbh T3 EELbN3REBROTIcETh
TWB ZENERTE . TOMBEILER L 72 0E S
ARV, BRNTEGMBCINTES 5OMLAKI %
DR TN ERET M ENH B EHEL TS,

Fig.13% K U'Fig. 14k 1, FRIEEREA PR Fig. 131213 MI4L
BRO NG5 720, MBS AW Fig14Tid, ML
Rohs. L7zh->7T, SEMHifg, BRhiElLOBREE

Fig.14 SEM image of anodized film using phosphoric acid
(125V, 35mm, -10°C)
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An initial consideration of an academic paper archiving system based on blockchain
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Abstract

Researchers and research institutions are frequently dissatisfied with the rise in e-journal subscription costs and the lack of open access. It is a
serious problem that people who belong to countries or institutions without abundant research funds cannot have public research results. In order
to solve this problem, in this study, an initial study of a consortium-type academic paper archiving system based on blockchain is performed. The
system allows anyone in the world to browse academic papers for free. Specifically, we propose a new concept of consensus algorithm based
on the amount of data stored in the archive server and the research ability score. In addition, referring to Metcalfe's law, we show that there is a
positive correlation between the market capitalization of bitcoin and the number of active users, and present a method to provide reviewers with

a cryptocurrency as an incentive for increasing the number of active users in the proposed system.

Key Words: Blockchain, Cryptocurrency, Bitcoin, Academic Paper, Archiving System
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Abstract

This research paper states the automation of feature extraction method which is needed for iris recognition system by using visible image.
The visible light is occurred a problem about the response to the brightness change as the condition for lightning when the iris image is inputted.
However, this can be obtained the steady input using fill light. Additionally, the features by using iris recognition from input images are that this
operated polar conversion based on the center of pupil and is utilized the advantages of rotation invariance features. Thus, the method of accu-
rate automatic extraction for these features is suggested. Finally, referring to the result, this investigation reveals that the iris can be recognized

without the infrared camera.

Key Words: iris recognition, visible image, polar coordinates transformation
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A REPAIRING METHOD FOR JOINTS IN DAMAGED BRACE SHEAR WALLS
-EXAMINATION USIG EPOXY ADHHESIVE-

by

Wataru KAMBE
Tomoyuki SAITO

Abstract

For wooden houses in Japan, shear walls with brace are frequent seismic element and its joint had critical damage in past disasters such as
earthquakes. After those earthquakes, those houses need to be repaired or rebuilt. In such a case, it is considered that an easy and performance
repair methods is required.

In this study, we propose a method to repair the joint in damaged shear walls. That proposed repairing method is to fill the foundation around
the joint with epoxy adhesive and attach new joint hardware to it. This repairing method is applied to joint specimens and shear wall specimens.
We conducted loading test with those specimens and compared with the structural performance and confirmed a usefulness of that repairing

method.

Key Words: Timber engineering, Joint, Repairing, Epoxy adhesive
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Photo1 A flow for repairing method in this study
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Fig.1 Flow in this study
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Photo2 Hardness meter

Table 112 AR RER 12 F6 1) 2 1 < HlE OFER, Table2iZ
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AKWFE TRV -5 HI O X ZAEMEIERICEETH 5 2
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Table1 Hardness test of wood members

Average
. Density 4 Hardness [Degree]
Specimen o moisture
cm
£ content [%] Average
Cedar 1 0.39 9.0 65
Cedar_2 0.39 8.8 85 73.7
Cedar_3 0.39 9.0 71
Cypress_1 0.49 9.5 78
Cypress_2 0.47 9.8 80 78.7
Cypress_3 0.48 9.5 78
Pine_1 0.60 9.0 94
Pine 2 0.59 9.0 92 923
Pine 3 0.59 9.5 91
Table2 Hardness test with epoxy glue
Hardness on each surface
1 st an 3rd 4th 5th 6th
E 1 97 97 97 98 97 95.5
Density=
Average=96.9
1.728[g/cm’]
E 2 97 | 98 | 975 [ 965 | 975 | o7
Density=
Average=97.3
1.728[g/cm?]
E 3 975 | 98 | 975 [ 975 [ 98 | o8
Density=
Average=97.8
1.728[g/cm?]
E 4 o8 | o8 | 97 [ 97 | 97 | 915
Density=
Average=97.4
1.728[g/cm?]
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Photo3 Test conditions of joint specimens

Tensile load(+) Final
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Compressive load(+) -P

Fig.3 Loading rule

Table3 Joint specimen

Specimen | Monotonic loading Cyclic loading
Initial J-m-1 J-cy-1 J-cy-2 J-cy-3
Repaired J-m-1_re J-cy-1_re | J-cy-2_re | J-cy-3_re

HFUIEC 20, HEBE TIIBHEL Thah 5728 O L5
T3,

E—EHBERE T 5 &, J-cy-1& J-cy-3TIZ BRI
#%T, TOBRBENELESTWEIZENbN5E. ZhbDikEk
RIZH 1T B I AFTEDIHIZ89% L F, D i
T4%LLETH 572, — T, J-m-1& J-cy-2 TIIIRKAMED
H#IE59~72%, WIHIMIED H3R1374~83% Td - 7z. &)
DIFIREETHEBIZEIN AR L, Z L - alRElk L,
S HI O3 Tl 572 2 E BN LEDIK X OHERF & F
Mxnzh, ZZTORESEHELY. LrLAaRSE, BEEA
EHOWTHIBT 2 2 &C, RoAMfE - MEicmEces 2
ENHHETH B b otz &koT, AlilghkzHEM
THBTZENTRENS. 7770, EEAOLEGELED
FHARCET M 2 SIS 2N ER DL LEL LN

Photo5 Failure condition of J-m-1_re
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Fig.7 Comparison with initial and repaired joint (J-cy-3)

Table4 Repairing results in joint specimens

Prax [KN] Stiffness [kN/mm]
Specimen
Result Ratio Result Ratio
J-m-1 19.27 5.50
72% 74%
J-m-1_re 13.81 4.09
J-cy-1 15.34 4.28
104% 86%
J-cy-1 re 15.90 3.68
J-cy-2 15.98 4.14
59% 83%
J-cy-2 re 9.38 3.42
J-cy-3 16.40 2.99
89% 74%
J-cy-3_re 14.63 2.20
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Fig.7 Shear wall specimens

Photo12 test situation of shear wall
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Fig.9 Comparison with initial and repaired shear walls (1P-1c)
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Fig.10 Comparison with initial and repaired shear walls (1P-1cy)

Table5 Test results of shear wall test (1)

Prax [kN] Stiffness [kN/mm]
Specimen | | T
Result Ratio Result Ratio
1P-1¢c 8.56 0.27
95% 111%
1P-1c re 8.13 0.30
1P-1t 9.33 0.22
85% 91%
1P-1t_re 7.92 0.20
1P-1cy 8.61 0.30
95% 93%
1P-1cy re 8.17 0.27

Table6 Test results of shear wall test (2)

5
(2/3)* Pu* -
. Py P20 ﬁ e
Specimen Prax (0.25/Ds) | & =S
[kN] [kN] E |5
[kN] [kN] =
g
1P-1c 5.97 5.71 6.10 5.43 3.05
76%
1P-1c re 5.18 5.42 6.16 4.12 2.31
1P-1t 5.32 6.22 5.25 4.14 2.32
83%
1P-1t_re 4.58 5.28 4.56 3.43 1.92
1P-1cy 5.68 5.74 6.28 4.29 2.41
89%
1P-1cy re | 5.52 5.45 6.03 3.81 2.14
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A study of consciousness investigation of chemistry among high school students in
Kanagawa prefecture

by

Yushi NOGUCHI
Taeko YAMAHIRA
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Abstract
Science phobia among the youth has been discussed as a serious problem in Japan for a long time. In this study, a consciousness investigation
of chemistry among high school students was performed in Kanagawa Prefecture. Responses to questions such as what the students like and/or

dislike about chemistry and their reasoning and their opinions on the classes that left a good or bad impression on them are reported.

Key Words: chemical education, high school students, consciousness investigation
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Fig.1 Ratio of male to female.



WIS 351 3 (ISR 5 R~ il 2 5% 83

@ BEIZOPFEEBATIZEN. HENH L ORERE 572, BERHZBI L TIdAA & i B IR
BiETdH - 7.
ZOMWIZ LT, SR 1IFAE8 A, Ei2HE436A,
PR 3FET NS HERBME SN (Fig2).

V

o (i w B et w2 e PR e Zofl

Fig.4 Favorite subject(s) (multiple answers allowed).

B LTE w EZE e RS

Fig.2 Ratio of each grade. ® ALz E T
® BEIZFBULCR, BRESSE2HILTHE A, ZOMWIZH L, IFE 54, B2k, EH5TEAN
208 L WS MIEERAE S h (Figh). T4abb, (b2 (M
ZOMWIZxL, CR2A, BIRI6A, REIBAEL WS BH 2BeNTdH B L RIE L AEENRIKD 51% TH - 7.

ERBGEN (Figd). 77— PARENEKLHF~2
FENKELEEE DT/, RENLZH L LN
RikoeZE26N5.

wffE sty W EBLETLAEL

Fig.5 Like and dislike about chemistry.

w CH wFRER ek ® OTHERLFALFERRLET. Fxaillinsh
Fig.s Mqior field of study, liﬁi < < X0, % f:, ﬁ% &ﬁlﬂ%%gﬁﬁ§ %hli\ﬁi T
{ZEn,

@ HEZ-OIFXLEFRIBMATT 2 (BEECEIRWRE).
ZORIR LTI, 7T ur— bxdgEciRongE

ZOMNIZH U, FRELLA, #5510, #E 218 A, BF10A, AL 7= (Table 1). MNREFHZEODEN T I & L BI%
HEL 4N, ZOMITAL WS HRBEE N (Figd). 1E L7254 Thd. (rnifE oEiEd, [E5ET200%
SBHH DT & 12 > [FFE > S35 - B> PR & BEECRFHH L] [ReRa SR 2Rg Lw] AL, L=t LEE



84 WIS AFE T GRS - B 2R H63% (2020)

MNZEZ TR Z ENEIITE 2. ZhoolEiE, AR
HEPENZ EEZRIELTWS, EERET 720, BE»
JLE20OEVE522ZL8BHO1>OEETHS LT
5. Thbb, (L¥EIFE ENE L 2AEOEIA MG
HE LT, BHINEOESZAObhTHAWZ EEHKD 1D
ThBHEEZOND. ZOHIZEWT, FHESEET-> T
PEFNEEERNEFA 5.

Table1 Reason for answering.

® @ThrziFALTIchahlLEd. FELBb»rH
MEEA T 2. F7, 172 iR 925 & AU
ATL7Z&0,

Mea s Z L OREKEMS720, FRETIO8HE LN

bR FTVR5

fLa 2 IR &l - 72 BT

L0372 g DIZFEE FENRT 5

PO 25 il 721 L

@ TN EL5TEHW BRI FITEGRL £
TN BRI 2 R C a5 2B E B A TS 2 &,
F 7z, PROAHIS HAUTBHA TS 20,

WREZ, GOOMWT, By, E556 TR, ZEBRL
7246 NThHBH. LZEICRL, LW, D250 ET
WAERENL W EHh 5 7= (Table 2). Tab b, # LW,
I HkEy, LU BT LIk o THIKELAEN TWED
TREWNEEZONS, £z, 7V 7 — FOKER, S B
Wz K512, [HAZOBKRE] [WEELE 8] 5L,
FEDIAATIDIZ BN SN TN Z EARB IS, %
DAER, LR E O R & & OFEBER 25553 3 512D
Y, RIS U TR AR > T L 572D Tidk
WhEEIZLNS.

Table2 Reason for answering the question.

@ ®OT iy EB55TEEN AERXN-FIThanAl
9. BOAMHBAREEK A Car > 2HHE B L TL 2
SV, F, BROARHEPHS S IUSEA T Z X0,

HEL
WABONKRETT A MOKIZERTLES. FHEIET
ML TlELZS0VNDrbhr ko7

B AE DDA S KN

HEDHEBIZENTO ALY D

FfRLS 6w, L, TRILFO L I TF
BAEL E VN5

LR T 728

I br o rlh, T L0 H EDOTHTT.
F o TR % O % 720 ERIE ARIZ & £ 0 BUkA 200
HEL WS

FENEFZE» 6 TY

LR EPRIBRE2D2 S 0L, ALK, D
EJCRAARY/ Y

HAOPTHTREMRLHZDEZ5 7L, xR DONS
WRALHL LD ML LS b S XiShhin.,
mol FIH

AT ERRN

HEL W

MR TE RN, BEERHIDrbIrEEVRIE, &
AL TR R B D E R ENE DD B0 5
eSS

LERPEH,D AL ND S

LW, S

LW, S

72 72 72 72 B0 O 72 MG ECER A A3 e, R & T AL
LERERRPERARAET T, 7APTEZARIZD
W EIN WA B T
FEMBIE. WA5Z &80, 2R

A5

LSRN ETETCRAL VLIS D2 EEVR S
DEABLNDPHS

#EL W

TLRLFBHEA S5k

oV NCR A RY/ N5,

MEENPTLT 7Ny NI D THRELIZS WAL
EADDY (B) DEHA.

ERMIZE S DR E BN

A A ARk, AARIe, RILOAXEW 2 2 O »
W26 TY.
LRI RALF WAL DONHEL 2o 72

FERIBE LA ST ENENEILS Db o7
EZrRbr oAl onTnT L o7=h5
(LD FER 72 & IFAF & T E, L ROFE2Z 5720,
FEERFERPEEZRLZD T2 5008000 TF

® BHulomy, @RTOlY (BED) OFETRVHR
RS RERH D ET . H2TIIEEMICHA T
V.

ZOBWIZRL, FEERICET AMIER L, FEBRMNEET
LT3 e (Table3). Thabb, H
BERAEFED IR D R T W ENH S T 72,

Table3 Class of giving a good impression.

& =D, SR TO: FERL) ORETROGEHIR 2>
7RETIHD T HEHIFEAMITEZ T X0,
=47
PEOIITERE LA SRELT > TEZOTHhI» DT
Motz RO TIE, PABTRESZ SO ThRENR
FIDISRTHOLEBVWIIZ2RHA TS NAZD LTWEDTEK
Motz E U TWET.




AN 50 5 L5100 5 ERE Ao ik = 5% 85

BN & B 22 A8k & W

FERAE LR BEKRT, EEBAELVLS

FERHDHEL > 7

FER B > THL W

WE A DEBREHD THMAL TE 5 52D =

KOEGHEDHBRLD

TIE DIRIEFER

KDFEER

aTY. (B Ay 4 b 4) TL Bk o Bk &
RN =0I12 D 7.

Lt MED FPECBIT 52 L& EHATHNTL A b
IZEELDDEONTEL 2572

ESLER S

HAIIN—F —pTILT—L T VT L Kb -FE

R EBL FITHL EHRETS 2T, By AT
BERFEBCRTMNZ Z LN TESZ LIZHLTIRRL
H%23d 5

S

WlkEEFD~vy 2 v

FER

WRZEFTITNT e & AN 5 EE:

FER

Wk R & > 729205

PR ORI OFZ I E, P, M s RAL FERd 2
Mol2DOTELNPSZTT.

LEEAIZUTHEA 2 DMRHIRK

Kk
(BRI A B8 4) SREDIZEIZZEL 5 7=
KDCGNEACS B T2k

hOE, KOBRIEDOIE%E L 22HE0 sk 7= 5k k
BRSO RIG, KREMBETED M- - HHE

We 57,

FREBIZENT, KXW ERAL 2 D0, MET5DH,
EW BAIPLOBE ISR AR AENZ EAMAZ 5. Z
No DR, EFENME2RON, MEHLIZONPENS,
AREFDOBEEND Y 7 t BMUEHFOREREME L T8 E
Z"L%)S) ~5>'

Table4 Class of giving a bad impression.

b 75 7= OHE, ERR T OALE (BERL) OFE TEOWEIR % >
PR DO FT0. HBHIFEEMICHA TS EZE0
X795

RO Y 7 ZABERTIRFEE T 72D Thhrbhne Z
ARENT R OEER D - T, BEICHTENZENELDHD
FEEBROBBETINIITTIBZEN 722 ETY. BROE
EDAEBTE LEBD ARG > TTRICIREELTLED
DOTHRDOPEBENADZ L EEZBNTIRELED LD
AN E B E L

EHRERICENCA DT, o2 ) LB LWL E
HELWRHTEPRAZDDONE 0 -7z

A B % FRf 7 200

K585 &0 6 E

HURAS SR TS NN X

O 53R LT

ARELSEIATS., WHFTEEMA 22D TSI,
[ a====v

LR S BT EORER R A L NWE T A

Fo EBICEIr N D ERA EBHOTWLIRE
SEMHEER Z < TR AV

IITEE. ALERIDOFEBRENRTE 15k -7z

[ g===2v

FERD PR

HiOHOEBRNE TN TLE > TiE L T30 0bA
5HNEZA

FEROZ

FEENE L2572 TF.

===
FE XY

SHIRER & 5 72 FEZB T, BHIEEO BT E BERAER K <
PO FE L7

AL b ) oA EMIIC k728 BUA D0 L.
LFRIZ2 13 Enmnno &0,

Ve N T i I
APV TEBEINERBXUTE S W
LW

KR, H, BHEORKIBE LA EERLE L, - 72
REUIZFERH Z & ORI INKE S XE R I3 TE - L
EDXIIZH L Dreh, HIZRAZAZ2DP8EE LAL ih
DRTh o7z

REATULDIER

KD TE {3 1k

@ B0z, @ETofts FERD OFRETEVEIR
S PR B0 A HAHFEERMCH AT 2L
W,

ZOMNZHL [FoBic@rhzd Daiks LEN
T IRE] [22BNWTW A 2T 0E] 5L, Bk
OZERMAZRETAEENR oM (Tabled). T4bb

A SN2 E

KAEDF LWL D TIPSR ETIRLS 55
72BNV B T DO
BOWTWhANTLESRZZETT.

B, BE, AL 2550, —MbhrbknkZ
DHEETHNHHLNDTIFET, MEAEMD G N0,
FELSESL TRRL A 5 72 TF

iR, LFERIER, REEADELZONHEL 572 §HE
MEEL W, EEROWERGR T ARZE. BEREEL OPKE
4+ v ROHHAN L D25 Hn

TEANITL B9




86 BB ARF RT3 - B R 2WFERES 55638 (2020)

O »uiry EF) ORFEFLT, 25 TR
%, BURSETS. MrZBANSNEEA TS ZEwn.

ORI L, HERA E OSBRI REIRERN % LaiE i
PEBSL S N7z (Table 5). FERLSMZ S, MR & &
DR E > 72 FIEOBAICB T 2 E AN - 72, FhiE
U #1795 56, M= hy el e & o Bk
KB EOMENETSENS. LaL, Bk & iH4
% ICT Bz DBEAIZL D, UEMIFHOHIRATE S L L
WCAEREDRIRE S E 2R E 2 6h b,

Table5 Ideal teaching styles for students.

TENBLILANI E

Fhia 7= AT S

50 LEBARP LT L L

TRIERTUPZ 5

HDEHA.

KB B %

EERORBIKN L&, EEFEICHTHRT, £15Z &R0k
ZDTHIRIZKS L WET.

REHEEORAPL L TUELWL., XEATF L2 5< T, 8
ERIED, HHLODIEINHEARTVEIKU 2. HFlE
OEZTHEE PR EBNTELWL, WHAH LT
ELRMOMHNRLL 5 5.

& I 722U (BERL) D8R L T, 25 $AUTFIRICHS,
BURHARFCTS, B ARHIUTBHA TS ZE N

a2 L REROAFIIONTE 5 & BIRMIZH A
TiELWw

[DIELREES

FEERIUBROFELEIDA VST I 3b->THABNS. IR
{ZE6knl

Lo L HTICBIRS B Z EIZLTHRLWTT

WA THELWELCIZT S, @Al CHMALTELZS. &
EH1ADIT3

FRa PR, B OEHEBHE XS

AR, BRMISHIIL THRL 2> 72,

K& ThhrRd < LTHRLLW.

FERL CINRD Z eI A B LBk AR TH 5T 2

& o L HUZEHR A R L

HTATY <hh bR

Fehr & & o & RARIYIZ AT M,

L SR E 6N 5 &5 aE8MBAHA TRV EE 2
EX

7R REOFTHEBNTERRAE T2 Uk THI
HTEZ BB E 2 HIUTOOEES

WK< 2 6 kR A P

Lo GWIZH B LD LHOERZLELO,IE LN
T, HELSERDIFELIMAL TH S EERICH - 725 H
WL LW TT.

FERZfh SN R & L 5N LSRITBH T L.

H AW TORGI0 & 28 A THA TR LWL

BAPWARTVT — F e ZOXLENM 5 Z DR
FHEEDTRMBE S EHMLNTT

9, HIKAEZ L2 INE, brDRFLTHZLTTH
1?

Fehra 45 LHIRICIRD L 1S

FREEFATHLLL T2 5 FZBRICHD & 25

FhR %45 2 L CHIRICKS &85

{L2EDR NPT RE P E TR > TR 5 S

FEREWD ANI=D, A I=T 2 M2 &ir5 LHIR
1255 LT

PEICH D &9 e g, ke »

—D—DHATELY

oy 0 X0g TV EEE

L HMTL98ET 5.

4. £&EH

7 v — P OFER, DL EZBNBOGEE KD T
BT EhnGhol. R, FEEZT BT 0% SO
FEBEF TR EEESFRRENZ LR IR TS, T,
P2 EATES B BINBIOFZERM T, FEEEEL SV
EVWSHANPRE XN TS D, 70547 - 5—=V
DEAOH O MAIZET 2 MEIEE < HonsY P Ly
U, FEBRIZAESEFHIHE L AR SO T, Jaio iz
2 BN L < AR OB E V. BT 8)1%
AFL T TEWY EFohTcnsiy, ROEBE &->Tn
297 BRELE LT, BWEHEA VAT A - EIIEK
FEL, DL TEREDIL VOB AR TH EDORIGAHE E
N5, F7, BELESEPHRIZ»» 2B TENE T
FIERONTED, FERATWAL THITAEVEWS IR
tMEI NS, ICT HEHROWEAR, ENHBEEIZALTS
NBBEMAEHRLT IR TR WP ES A B, /2, &
MPIPZETEIS 5 720121, BEMOBRHNZB 9 2 A% - 1l
DEEEDHDIILIERELRETCHHEELD. TELOH
FHEh - BERHIRO O RITIE,  BOE N O IR0 3 Rk
DOREE I, BETOFENEEOILT OB &R & h
TW3Y, FRC, EERRWIZEOMN & % 1054 21N
OIS TIE, B L OBEEK - KElOFI L EE
PEENBY. HARMSHICEVTY, &Y THEHATN AR
FBE A EBIEE XSS L AHME L, K¥RETE
DRI EFRHAERE LTETFTWEY. 5%, HEORY
MHEFEOM L, HEROM X S, ICT #aoFH, P
HORBE LA EDHEIZEWT, BREE* L HH»6E41 5
MEIHDEERD.

E

AREZEDDIZH7ZD, WIIEOZZ0MRINEAND
EARAE OERRICIKE U B 4. AREF221E, 20184 B
T - BRI e 22028 0Th b, BIRE



RN 350 B TR B TR N0 Rkl & %5 87

(DANY TSRO oty i3

BE X

1) ESLBERIZEHT  SFERB0EE 2 ET) - EEIRHEA D
fES (2018), www.nier.go.jp/18chousakekkahoukoku/1
8summary.pdf (20194E11H19H ).

2) EifEth, AL © [SNS FIFIC B 2 H4FE-D R AR
R E—Twitter & LINE MR OITENIZHH U 7= st
— ] SIERFOEAIROCE, 14, pp.39-50 (2016).

3) SERLAA - I EBHIC BT 5 BEIRFE D JLUESE
DAED FIZD0 T (FBIA), (2014), http://www.mext.
go.jp/b_menu/shingi/chukyo/chukyo0/toushin/1353440.
htm (20194-11 28 H ).

4) KWEBSA: [ 7254 7 -5 —=v o] L HADHRHUT,
TEDBY v —F )L, 3, pp73-82 (2015).

5) WA : HET¥ET 27475 —=v s, HAKHE
Tz CaE, 42 (3), ppl91-200 (2018).

6) SCARREE « B ETSFREI A CFE28EIE) DG
RROMEEMOAFIZDNT (EE), (2018), http://
www.mext.go.jp/b_menu/houdou/30/09/1409224.htm
(2019411 A28 HZHH) .

7) SCEFFAE BRI B A E FUCRICR S BEERE,
(2017), http://www.mext.go.jp/b_menu/shingi/chukyo/
chukyo3/079/sonota/1395249.htm (2019411 H28H=
).

8) HARZM &k : Zhd b DBATORIF I 83 & B
KOAED FIZDWWT, (2007), www.scj.go.jp/ja/info/
kohyo/pdf/kohyo-20-y1.pdf (202041 H 7 HZHH).

9) CEFPEA « BUREFRORKRERL 2 HEOR RO
A 21 BT RIZ DV~ Fak244- 8 F128H rhut#
BHREDEH~ (FWHMER), (2012), https://www.
mext.go.jp/a_menu/shotou/miryoku/1326877.htm (2020
H£1H7HEMH).






wxE/ — b

89

Characteristics of Heartbeat Activity of College-Age Shooters in Standing Rifle Shooting
by

Minato KAWAGUCHI"
Hiroshi SATO"
Iku MATSUMOTO""
Susumu TAKEMURA”®
Kentaro TAKAHASHI"

Abstract

We aimed to analyze whether the heartbeat characteristics derived from electrocardiogram (ECG) can be used to assess college students’ rifle
shooting performance. Four students participated in this study, and each of them demonstrated three tasks: rest, sighting shot, and competitive
shot. During the shot tasks, each participant demonstrated the ISSF 10m beam rifle. The ECG was recorded with a sampling frequency of 200
Hz. The timing of the trigger pull was also detected using the pseudo-landing sound recorded simultaneously. The ECG demonstrated shooting
accuracy as it calculated the shortest lag between trigger pull timing and the heartbeat (R-wave) occurring time point. It was also used to analyze
changes in heartbeat intervals (RR intervals) during the aiming period. Our results could not show clearly that the high score was induced by
avoiding the R-wave occurring time point as observed in previous studies. However, the RR intervals during the aiming periods were signifi-
cantly increased when shooters gained a higher score. The results of this study could be applied to coaching. In future studies, we would increase

the sample size in order to confirm reliability.

Key Words: Rifle shooting, Heartbeat, Electrocardiogram, R-wave, RR intervals
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1 Introduction

In the modern Olympic games, various sports incorporate
the target. It is crucial to analyze and evaluate the
characteristics of physiological signals in these sports
for coaching purposes. In rifle shooting, there are several
kinds of distance and postures: 300, 50, and 10m and prone,
kneeling, and standing. In particular, the 10 m rifle is used to
shoot at a 45.5 mm target. The minimum required diameter
is only 0.5 mm. Thus, the shooters are required to control
posture and mental state. It is known that the heartbeat
causes muzzle fluctuation”. Because shooters are required
to wear a thick coat, coaches must teach shooters how to
control their heartbeat during the competitive shot. There
are studies that analyze heartbeat using electrocardiogram
(ECG) in the context of archery®”, pistol shooting®”, the
biathlon®, and rifle shootingl'g). However, these studies
have reported a disjointed collection and performance. It
remains unclear whether college-age shooters have these
characteristics.

In this study, we focused on college students using
standing rifles. Our objective is to quantify whether the
characteristics related to the variable skill level of college-

age shooters are correlated with heartbeat activity.

2 Materials and Methods
2.1 Participants

Four members of the college shooting club participated,
of whom three were men and one was a woman (n=4). The
experimental protocol was approved by the institutional
review board. All participants provided written informed
consent before participation (2019-2-5). The participants’

years of shooting experience is shown in Table 1.

2.2 Materials

The beam rifle (MBR-201) and the target (MT-201)
used in this study were authenticated by the National Rifle
Association of Japan. The beam rifle does not use actual
bullets; rather when a shooter triggers the beam rifle, the
muzzle exposes xenon light. The score is then estimated
by the target from the position using received light. The
score was represented as an integer (0 < score < 10).
Since the target generates the pseudo-landing sound,

the sound was recorded concurrently with the following

Table1: Participants’ years of experience
Participant ID  Years of experience
7

gaQw»

3
3
1

signals. The electrocardiogram (ECG) and the respiration
were simultaneously recorded by Polymate-II, a multi-
channel signal recorder. The ECG was represented as
the potential difference (in volts) between the left wrist,
and the Manubrium Sterni passed through the differential
amplifier with the earth electrode located on the right
wrist. The disposable electrodes were applied for the ECG
measurement. The respiration sensor was wrapped around
the abdomen using a stretchable belt. The respiration signal
indicated minus values in exhausting. The sampling frequency
was set at 200 Hz in the ECG and 20 Hz in the respiration,
respectively. After these sensors were attached to the

participant, they wore their own regulation coats.

2.3 Experimental Procedures

The experiment was conducted at the Health and Sports
Technology Laboratory at Kanto Gakuin University. The
distance between the shooter and the target was set at 10
m. After donning the coat, each participant demonstrated
10 minutes of sighting shots and 20 trials of competitive
shot and then sat in a resting state for three minutes. The

participants remained in standing posture for all shots (Figure

1).

Figure 1: Typical standing posture of participants in the present
experiment.
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2.4 Data Analysis

The landing time was detected from the sound data (Figure
2), in particular, the first local maximum value of enveloped
waveform. According to the principle of a beam rifle, the
landing time was equal to triggering time. The i" landing
time is represented as t,," (i = 1, 2, ..., 20). Based on the
time series of the ECG, the occurring time point of the
R-wave, tz, which corresponds to the heartbeat, was detected
by determining the maximum local value. The RR interval
(RRI), or the so-called heartbeat interval, was defined as the
difference between neighboring #;, (i.e., RRI ;) = tr;) — lr;-1)
where Iy;) stands for j™ occurring time point of the R-wave)
and the R-wave occurring time point. The RRI trend was
further obtained with a sampling frequency of 20 Hz. These
signals were collated with landing time points to determine
the relationship between triggering behavior and heartbeat
following two approaches.

First, the shooting accuracy was quantified as the temporal
difference between the landing time and the last R-wave
occurring time (R-shot, interval [s]). Its relative phase was
also calculated (R-shoty interval [%])”. This analysis is
illustrated in Figure 2. Sampled values among participants
were compared statistically using Bartlett’s uniformity of
dispersion test. A one-way ANOVA was further applied
if uniformity among participants was considered, that is,
if p-value of the Bartlett’s test was =0.05. To observe
how these variables are related to the score, a scatter plot
was drawn, and the regression curve (y = ax® + bx + ¢) was
obtained using the least mean squares (LMS) method to
test the hypothesis that the highest score is given when the
triggering action occurred far away from heartbeats. The
validity of the regression curve was checked by comparing
a formula that assumes that the score is independent (y = ¢)
using Akaike information criteria (AIC).

Second, changes to the RRIs during the aiming period were

34,9
d

observe '. We determined the RRI trends on the basis

of the range between the triggering time point (i) and T

R-shoty, Interval
R-shot, Interval = R-shot, Interval ;, / RRI;,

}
— le—

1

}

1

1

1

lshot(f)
“= RRI;,—>* RRI, =< RRl;,,—>

— Time

Figure 2: Data analysis

seconds before (i,,\"-T). It should be noted that the duration
T was chosen as less than the former triggering time (T <
o - Lo ") in all participants. Then, the increasing rate (IR"
(1,) was defined as the quotient of the average of RRIs just
before triggering ranged in [fy” *+Lin faot) by that in prior
period ranged in [tyy"” +2%un ot Htan) With the variable, &,
(—T/2 £ty <0). An IR > 0 in particular indicates that
RRI increased toward shot the triggering. The correlation
of the score and the IR was further obtained using i,,. The
appropriate value of i, was determined when the highest

absolute value of the correlation coefficient was obtained.

3 Results
3.1 Scores and Averaged RRIs

The score and RRI (mean =& SD) are shown in Table 2.
Participant A had the highest score, whereas Participant D
had the lowest score. RR intervals significantly decreased
during all participant’ competitive shots. In particular,
the RRI of Participant D was close to that of Participant
A during the competitive shot, and those two were more
extended more than those of participants B and C. The

minimum triggering interval was T'=11.7 s.

3.2 Shooting Accuracy

Figure 3 shows the temporal difference between triggering
and R-wave (R-shot, interval) in (a), and the relative phase
(R-shoty, interval) in (b). The bar length indicates the mean
value, and the error bar stands for the standard deviation
of the respective participant. From the Bartlett’s test,
variance of R-shot, interval for each participant could not
be uniformly distributed (p = 4.51 X 107°), whereas that of
R-shot,, interval could be uniformly distributed (p = 0.53).
As shown in Figure 3(a), the variance of Participant A is
the smallest, implying routine behavior. The mean value
of R-shoty interval was then compared using a one-way
ANOVA, resulting in a significant difference (p = 0.035).
The mean value of R-shoty interval in Participant A was
the highest, followed by that of Participant D (Figure 3(b)).
These two participants might have been unconsciously using
strategies to control their heartbeats. The relationship
between the score and R-shot, interval (Figure 3(c)) or
R-shoty interval (Figure 3(d)) was observed. In each
distribution, the regression curve of the quadratic equation
was estimated. In both cases, a convex upward curve is
drawn. According to the respective regression curve, the
value R-shot, interval required to reach the highest score
reached 0.65 s, and the R-shot, interval required to reach
the highest score was 90.9 %. The AIC was estimated to be
309 in the case of the R-shot, interval and 1,686 in that of
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Figure 3: Shooting accuracy. The bar length indicates the average, and the error bar indicates SD. (a)R-shot; Interval [s], (b) R-shot.,
Interval. (c) Correlation between R-shot, interval [s] and score. (d) Correlation between R-shot., interval [%] and score.

the R-shoty, interval. Each value exceeded the case assuming
that the score did not depend on said value (y = ¢). According
to the results, shooters did not control their heartbeats

(R-wave) during triggering.

3.3 RR Intervals in the Aiming Period

Figure 4 shows averaged RR interval trends 13 s prior
to the landing time. The Trends of participant B and C
represented flat, whereas those of the other two participants
increased. The correlation between the score and the RRI
interval increasing rate (IR(i,,)) was analyzed. The absolute
value of the correlation coefficient reached a maximum value
when the time window was set at i, = —5.45 s (Figure 5).
The p-value shown in the figure indicates the result of the
correlation test. It is implied that an increased RRI (i.e.,
decreased heart rate) during the aiming period might result

in a higher score.

4 Discussion
The heartbeat activity during the standing rifle shooting
was observed in young shooters. Since heartbeats disturb

precise coordination during the aiming period”, they were

analyzed using methods proposed in previous literatures.

Initially, the distance between the triggering (landing)
time point and the R-wave occurring time was observed as
R-shot, interval and R-shot, interval®®. Our results showed
that the variance of R-shot, interval in Participant A was
relatively short, and the average of R-shot, interval of
Participant A was the highest. The results were complicated
as changing order when comparing averages of R-shots
intervals (Figure 3(c)) and R-shot, intervals (Figure 3(d))
between participants. This could be due to dynamic changes
during the aiming period (Figure 4). Although the fitting
convex upward curve could be obtained, we could not
demonstrate that the high score was obtained as a result of
triggering times located avoiding heartbeats as was observed
in previous studies®®. This might be due to the difference in
events (archery and biathlon). A lack of awareness could also
be a reason since the shooters who participated in this study
said they did not clearly realize that heartbeat timings were
analyzed in studies in archery®. Therefore, using technology
such as biofeedback to study heartbeat could potentially
pertain to rifle shooting.

Next, we analyzed RRIs changes during the aiming
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Figure 4: RRI trends during the aiming period

period®”. The results showed that the RRIs of Participants
A and D increased just before triggering, whereas those
of Participants B and C did not. This cause is commonly
observed in observed in the literature (Table 2). It is
shown that the IR proposed in this study is significantly
correlated with participants’ scores (Figure 5). Increasing
RRI is thought to be induced by exhaling in the respiration.
Participant A demonstrated exhaling more precisely than
D, whereas B and D tried to pause. These results are
agreement with those of some studies®” but are disagreement
with those of other studies’”. One possible reason for this
discrepancy could be shooters’ different skill levels. The
shooters who participated in the present study were young,
and Participant A had competed in national rifle competition.
Thus, a respiration strategy to increase RRI might be useful
for shooters with middle to low skill level. However, few
studies have directly analyzed respiration'”, and therefore,
respiration needs to be quantified in the future. It is also
worth noting that the optimized time window i, should be

modified in any continuations of this study.

5 Summary and Future Research

During standing rifle shooting, we clearly showed that,
in college-age shooters, changes in RRI during the aiming
period were significantly correlated to score. Based on the
RRI results, a similar evaluation method was used to directly
record respiration. Further analysis is required to quantify
respiration strategy. Our study could be expected to be
used to understand how to coach rifle shooting as well as
the mechanism of precise posture coordination. The effect of

these results remains to be seen.
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Table2: Score and heartbeat intervals during the rest and the
competitive shot (mean + SD)

Participant Score RR Intervals [s]
ID Rest Competitive Shot
A 9.6+0.7 0.72+0.07 0.69+0.14
B 79+1.4 0.64+0.03 0.59 +0.09
(o 8.0+1.3 0.63+0.05 0.61+0.12
D 6.8+1.5 0.85+0.04 0.68 +0.08
127
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Figure 5: Correlation between RRI increasing rate and the
score when the time window t,,,=—5.45[s].
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