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F28 BKINEOIGE - LREFICETSMESILERK

2.1 BBRaYNA UIZkbEKD/NEIRFESER
2.1.1 [FL®HIC

o oA 3RO NER ISR S, EWNICELS HRLTEY, Kl
VENEPRE & ORI X D/INEEEDOBRL R ETE AL TS, L
L, /NEICE LU TEEIKS TOUNFEZIEE LoikitTh v, @Ko /INRIE
RFDIEEDIREHIELS, a N AMEEICBW T EEFEORBRITK L L2 A
BRE,

Z I TARETITAM 2 31 N K D @K /NI DN T, IHEREH] SO
BIK GAT2 E DVEMSRNME R OV 8 A VU RRIE T & DIEESM & B Sk
EOBBREWRLMIL, MEEHEKD TS ETICIEELEZIT I 20D
fREtORHEZ B E Lz, 2ok, RBRICIEHRO 2 81 U2 B TR L,
BRI O IR & S D BRI TR T — X INEE AT o T2,

2.1.2 HERAE
1) UNFERER
(1) V&M

I HERABR X, IR > < ITH o R BER ST e v ¥ —FERESICHE W T,
RER R BRE 2T o 1o/ (B 61 %) [ZoW T, HFlf% 45~57 H (2002 4F 6
H 5~17 B) o MMIZ 6 AT TIT-o 72 (BH 2-1-1),

IWHEIZIZ 2 R E B = o3 o 2 (2 R VM2, 7. 72kW, & & () A £E 410mm)
T, 2 EIRER R 2 Beb, RSl EE 3 B D55 6 TEESRME 2R E LT,
PRI EIEE NN, TP OEEERIC Lo TEEHEED Z X
W@ Eds (= Y iRk 2700rpm, = X AAEEREL 470rpm, = & () 0t i E
WL 13. Tm/s) B OV A BORLER IR E 00 & E MR AR (= o o o [mlis K
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2400rpm, Z ZARA[AIEAEL 418rpm, T X PR SEd JE R E 12, 6m/s) D 2 BePE AR E L
Too VEEEMEEIZDWTIE, WHERE R T @EIE 0. 44m/s, HKH 0. 35m/s, fRiH
0. 26m/s, Tl - Fl Rz B BUE% & IRF 13 385K 0. 40m/s, HFKH 0. 31m/s, {K3E 0. 24m/s
D %3 BEEZRE LT, £, N U X INHEXZHEL, MEZBRKL A
UANITT, INHER 3 MR, RTuaiToc®%, "BANEE (2 ZF
£¢360mm, [FIHR%L 593rpm, I X P ST E W 14. 6m/s) 12 TR LT,
(2) EEREDARIE

I FE BRI T il B AR A (2 S LA 28T, 1984) ICYE L, 16m OFBRX
(Z°C, PR3, Bhin e, PR, SEEEA, BBGRpEK, #Bhin
DAL (GEahr, HER, [H) FEOEEBEIZ O W THIE 21T o 7o, Bk 1 ik
600 g [ZOWT, AMEBLME , KT, Fli, >SHEFEOWEEE O H 5 kil3E
Hhr & Ule, GLRORLITNL & B & o BlEte, HBIGEOEN S O3k, RITV I8
(ZB LT, BRSO W CTIL L% O 3082 Al T e H A (2. Omm) 12 TR,
WIE LTz, TRIE (K53 13. 5% Ha5) 1%, ek 1 3E 600g H170 5 3000 KLfE L o
HEx2MEL, HELx,
2) BIREER

R, FIR LR X L MBI X A iR E U CEM L 7, WIR LR X T,
F 1L 3 0D 3 R\ BZ S 4 T OO IR BB B 22 4T o 7o, BN XTI, M1 1
EARDNETHERGZREI RN E S5 40C (xR, 1982b) IZFRE L7z A
— 7 & T 24 R RO S8, 2 1k i E U T R R (T T e & o
EAT- 72, WX E S 5 EEE T 2 BEREBEEZITV, Ko 13%LL T E
THMER S, ZOBRMBENICRE L, SIHER T 7 X0 2 — 80 AR
BHE 2kg F2EE, Y =o— 77— AREHT Tke BRE Z IR OEIT AL, &HBEEAT

> 77,
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3) mELSW

FBRIZK 73 DRE L 10g Fi-135°C-24 R [EIEIC L VATV, K5 R I &L (w. bl )
THR LTz, SRBRIT/NEMERE T IE BHKESHINSHmES R, 1968)I1C
L, £X 150g DREHZOWT T IR FX—FT XA MIVEHWTTo 72, Bt
HE I el adt (2 7 v 2 8L CM3500) 2 VY, 7 7 U B OFRIETH 5
EFRFHEDORIEIIZZ By RE X a7 57 A % — (Newport Scientific 4 RVA-3D)
Z iz,

JREZDE NI BEER, RKOT7 4+ —0 T F o R_"—DJE, Flobta—

—T A MINEBRBE T I0 ST T, TV I TTT, X ATV

\H

7 OMIEE, MHEIEN A ABMREH S MK LTz, v a— 7 —8EaER,
TInsg7, 7y V)05 7, X ATV T T T7ORER, REERED
7= O IR DWW T D AT 2 72,

2.1.3 BRRUEE
1) UIRFERER
(1) EMEHRUVREZHDOHER

AR X D B I 102em, YNEIIKSY 13, 5% 5 C-%) 620kg/10a, A&
1L 8. 5em ThH o 7=,

AR T ORESE, BRIy, U 7Ky, RIS D BRLOEE,
K OTHRIE A K 2-1-1 (12T,

INFE BRI DFRLK TR 48% 70D 30%RE X T MM A4 R L, HAE#E 52
~53 HHDOREME, 54 HHICIZAE T EAT2600 57 HHICIZ30%EEET
KT L7, U TR IHIFER 54 HH £ T 60%FEE CTHER L, Blko i
%54 A AICITET EFT200D 57 HBIZIZ 4% RBREE TR T L7, JEHE

AL 1%RENS FTREMEm AR L, W% 51 B HLIREIT 0. 5% RE TIZIFRE
Uiz, THiEIL 35g 76 ERMM AR L, B 54 B BLAREIT 40 g FRE TZ
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ELZ, U bEDZ &b, BRIKSD 40%FEE O HFE% 51 HE2 S 54 HAO
PRI ERMEIL L, TO®%ER, U T & HICHENER, 57 HH LR
TIXFRI A 77 0% 30%LA N DOUNEE I 2 2 72 & W 2 5 #ohiK 4y 45% UL E Tl
INERIINRLATH Y, 40%REE TR F T 2RI mERPET L, HE
HIIZ & IHE S I 2 2. D & OBEAE O BFSE (R IR &, 1997a, 1997b, & H, 1990,

BE 5, 1991) # BT LR TH o7,

(2) FEFHBOEERE~DEE

I FERRBR I D BRI AR R & e HE T T iR R A X 2-1-2 1TR 7, BRI 2. 3%
UFThoTe, £/, Z MEEEIHELX (Z X 8 508 @ 13, Tm/s) TILALER
EPMET T2 LB AR R 6N, U T jiE 300kg & T 500kg {3
TZ XN O S WG RELENSVEA 2 R T, 2 R & EAHR O F
WILEE L T\ Do, ZEREERESE W EEEOREN EAY, EAIEL
BHMT 572 LR S5,

¢ 2-1-3 |2 Z % Bl s (2 & 0 e v JE I 13, Tm/s) 26 B 3 R
(0. 44m/s) KIZ BT D BRI R OWNROHER 2 =T, WIRIX 1%L T, HEE D~
DOIRNTHFER 45 H B 2RV T 0.3% LT, BHEBHEKIZ 0. 2% FTH -7,
M OERESFMIZB N T HIREREDOEN Th -7, WEFIEIZONTIE, I
REICAR DS WA > CZ X2 BT HE SN2 WERH Y, ZD% 00
SIESDENE U, HE% 54 HEICIF0.9% & @WMETH - 7223, o3
FUEICItEOfERP TR <, b2 EBx 6D, £, EEDEAEEIX
TEELEMFICEL L T A% 45 HRICE WEZ R L, Z EIMKHEFR (2 & #5E
Ui JE) R 12, 6m/s) HYEIE (0. 31m/s) KEMSMZEBWTIL 46 HHICEWTHIA
FOfEAE R LT, WRBILEBERRFCHEE IR A LS <, BRICR o HEE% 45

IIHEE O ~DRBADBEE ThH oo B2 LD, TEELMHICBED LTI

BRI AR 5T H BIZEVWMEZ /R LT, BB, B> TR L S < 72 5
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B (%)

BRI

Z X g Sev ) (m/s)
O 0 13.7
X X 12.6
29
g =

250 500 750

WU 7 (ke/h)

X 2-1-2 U J i & ghiE sk

C XS (n/s)13.7]| —B- CSARLEA
e A PR AEIS
VEZEHE (m/s) :0. 44 O— THIREIE S
—@— FhiH AT
42 45 48 51 54 57 60

HFEE A% (d)

2-1-3 AR DONR
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7o, HLROHEA TS HEI% 5T A BTN L7 L B2 b,

4 2-1-4, ¥ 2-1-5 (BRI K53 K OULHERF ) & HBEEROBAR 2R, BER
ITERIK 53 35% UL L THRAKRK 1%, 35%LL T TIE 0. 1%L FTh o7, fRIFHY
(A ) 2o U722y, & EAREE R X A2 3B W TR % o A 54 B B I
BRI ST DY 40%FEE ThH > ThH 1% WIS BB AET 28560872, =
LD, BRKSOEKTIZE W BERIIBADT 528, BNERZICIE, FREED
K3 ThHoTHRBRNATEVEGERGL ROIGERH L LRIz, BN
72 L OFLERE TR 5 DA L BRIN TOKY A, BEEEOMIENRLR DT
D EHREIND,

EELMETIE, ZEMMEHEES W REEENE <, 2 AR R
FE72 DIXIERERE N B WG B HEEER R VEI Y, 1% 54 B EZREFEOH
iz, HEEt: 54 B BICIE, 2 SRS E R X CIRIEE iR oM in - 72 2
ThHoTeh, KHEEER X TILWFERA R Dz, BER% OO RN —E T2
ZERROMEMEOEINOBEFE L 2V a N, VN — T ETODENE
WAL, BERAAHANCBE LT EEZ NS,

BRLO~DEORNANFIZONTIE, K2-1-6 17T L2, WInoK b
T 456~46 H BIL 5%LLF, 48~54 A HIL 2%, 57 HHIX 0.3% L FTH
o7z, %L 48 HHUKRIZ 46 A HLAT E L TRESE T L TR, BHRA
[CfE-> CTHBRIA Y, RPBEENA ELZZiICLbEE2LND, FES
ECIE 2 EIREHEE DS S W E FIRARNB DI <, FEREITEW T D72
Mmooz,

2) MBS
1) RERE

JRZDIK Gy & & ™7 B G BD TG R 2 X 2-1-TIZR 97, K55 (K43 13.5%

BB 13 1.4~ 1. 5% THER L, HFEER 48~54 A RITIZIEF—E TH o 7273,
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HE (%)

?I:l
=

1.5

BER (%)

SRME MR »
> o 54 =
EHIE (/s (/s | oot AR
LT O 13.7  |0.44
A 137 |0.35
O 13.7  |0.26
® 12.6  |0.40
0.5 F A 126 |0.31
@ 126 |0.24
0 —o—AE
20 25 30 35 40 45 50
#hiK5r (b w.b.)
4 2-1-4  BRIK Gy DEEFR~DRE
1.5
TEEEE (m/s): —O—0.44 VEESEE (m/s): —O— 0.40
: —A—0.35 —A— 0.31
! —1-0. 26 - — 0.24

45 48 51 54 57 45 48 51 54 57
HFE% B (d) HFE% B (d)
(a) ZXHgSeumfEEEE 13.7 m/s (b) ZXHy2cim/EEEE 12.6 m/s

4 2-1-56  HAEREKMFICRIT HHER
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UIBIRAE (%)

VBT (n/s) : —0—0. 44
——0. 35
—{1-0.26

TR (n/s)

—0—0. 40

45 48 51 54
HFER B2 (d)

(a) Z &t dcimE AL 13. Tm/s

o7 45 48

(b) Z XHSEbmEEE 12, 6m/s

51
HREER B Ak

54
(d)

2-1-6  BAFERMFICB T 28R AT TIFIRAR

1.8
—0— [R5y

L7 || B EER |
<16 | |
R
ST <%\\\\<>_______<>_______<>\\\\\\\<> |

1.4 ,

1.3 ' ! - - -

42 45 48 51 54 57 60

HFEE B ¥ (d)

X 2-1-7 JRO K ONE 7 EEBOHR
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HEE% 57T HEICIEE PR R Lz, o 80 BE 8 (K4 13.5%HE) 1T 10~
13%FEEE T EAEmZ R~ L, W% 51 H HURRIXIZIERE LT,

(2) MT&E
a S

TIRE =T ARNINVKEOPE2—F—7 A MI NI K8 BH %K
2-1-8 TR T, TIRUAE—F A FINICE AR T, A X XITHH 58
~61% THT DO TRMEMZ R L THER Lo, 2231 U IXITHE 55~65% R

T hRHEMEm AR L CHERB L, HFE% 54 BRHICY—2Z %L, 57 HBIZIZIKT

ANSY

NI B T, 1EESRM, BB L2 BIIRD N »hoT-, N U AKX E

LT, a3 VNEOSE TR IC L5 R OLBH A RE WD

0

ENRBH NI, ZEMAEREE, FEZEEE K QL EIR I K 2 8 ~ D B
MR BIIRD LT, FRIEAHTH D, £/, Mtk 48 HE, 51 HH,
54 H HICINE L, WIRFEBAT o NP W T, BE2a—F—7 A M I 2K
5 SR B 21T o 72, B BRI 65~T0%REE T, HF+ 0 LREmN R S,
EESMFIC L 2R BITRD b o7z,
b ¥

TIRUBE =T AR IV Lo TR L7z Bt o iz >, il adh
[Z X BLME, a*E, bMEOMER REEX 2-1-9 1271, LMEITBREaORS &, a*
BT AR, b MEIZEADIE TH V, LM L b EiXm M, a™ IRl 23 4 &
LnEINTWD (EMAKES, 2000) . LR, ToX5RBREZrT 0%
MmN EWERIT 5, LMEICOWTIE, 86~88 fJE CHiflif% 48 HH 2 ' —
JIVZRER%O 54 HEIZIZ TAAMA 57T HEICIE ER Lo, EESMETIRZ SR
W [F R (X (2 X e B 13, Tm/s) A3 2 EARMKGR [ X (2 & b 5l o Jo) e
FE12.6m/s) K D ARVMEIA 278 U, RSB O A 54 A BHICHIEICRD 5
Nl WREHICE DEBIRD ONhole, NA XX (P2 ik
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A (%)

75

70
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60

55

50

Xl e v JE R (m/s), VESE 8 (m /)
—— 13. 7, 0.44
N —1— 13. 7, 0. 26
—— 12. 6, 0.40
—0— 12. 6, 0.24
i --@-- A UH (BRTEE
I i T 79~ r—n
k2 Z &k B
1 1 1 | | |
45 48 51 54 57 45 48 51 54 57

HF% % (d)
(a) HIRFLIE

iRt B (d)

(b) JInENEL A

%] 2-1-8 BAEZESRM: & B
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91
X SR (/) VE SR (m/s)
90 | —— 13.7, 0.4 i
* —0— 13.7, 0.26
— —o— 12,6, 0.40
g9 j —B— 126, 0.24 u
R ? INA U H (TR
88
87
86
0.6 |
«. 0.5 F
gl i
R 0.4
0.3 F
0.2 1 1 1 ] ] ]
15
*.Q
g+
R
13 1 1
45 48 51 54 57 45 48 51 54 57
% EE (D) s R (d)
(a) W IRHLA (b) TNzt

X 2-1-9 1EESRM LB
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Ui JE R 14. 6m/s) 1% 87T~88 R THER L, Z MAMEERIHRX & IXIF % DO fE
L,

a™fEi% 0.3~0.6 FREE CRemZ O HfEf% 54 B BITIHME T3 2R R ohi
P, UNHEREHA, VEHESLM:, RIS X 2R EBIIRD bhiknoT, v
A A RIIHRE% 51 HE £ T0.3~0.4 TIEE~EDMHETH 7223, 54 HEIZ
FO0.3LLTETIKT L, TDik, HEEE ST HRIZIF0.4 L EETER L,
HFET% 57 B HEAMT = oo U X 0 (R 2 s LTz,

b IX 13~14 F2E CTHERS L PR A28 L7, fE¥ESMCIXeE% 51 HE
PAREIZ & SRR AR X 75 & & R AR X K 0 & Wl A2 o= 3 23558 0 b i
7oo WLIBESAF CIREIRGEBEX DA FEVEEZ R ITHEANRBO bivlz, A &
IE 13.56~14. 5 FRE TH T O FEMA 2R L2y, B a o~ A LD 5
VMEZ R LT,

(2, BEOENZLUTORIZER SN D BEZ VTR 5,
2 (L% a, b)) HON(L,, a,%, b,*) DEFEE, 1
dE,,"={(L,*-L,") *+ (a,"a,") *+ (b,*~b,*) ?} /2 (1)
L EFREIN D (Komatsubara, 1998),

RN HRKEFNEERMRED 2 R VIERX OB FEE K 2-1-10 (R T, (&
ADOFPHIL 0. 256~1.23 T, FEN%EOHEE% 54 H BICRKMEL R L7z, 1F¥%
PEIZB Ui 2 SRS s ml s X (2 & 6 S A 13, Tm/s) TEZEN 0.3~1. 2,
(GHE X (2 & e i 5 E 12, 6m/s) T 0.25~0. 62 2R L, Z IAEHERHAME W
WA U EREDOENNSL I D T EBNRENT, i, EEEEKE#HKX
(Z &SR EE 0. 26m/s, & EARMKIR[AHEARE 0. 24m/s) 23 5 388 X (2 & i
WA EREE 0. 44m/s, & EARA(KEEEEREF 0. 40m/s) K D ENE T K& < 72 DA
MR BT, BREOBE~ORfREBIIRD biven o,

T AR B R X (2 B S0 12, 6m/s) TIE AN, U A K E DO @FENFE
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L8 1 = 2 gl S o o (o ), VS R (/) | | [
13.7, 0.44
15 H 137, 0.2 B
—0—12.6, 0.40
{9 126, 0.24 i
s i
<€l 0.9 F -
0.6 F -
0.3 F -
O 1 1 1 | | |
45 48 51 54 57 45 48 51 54 57
HifE% B4 (d) HifE% B4 (d)
(a) HIEHLER (b) JINENG Jo

2-1-10 BAEERMIZB T DB EODONAL XX E DHOFE
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MR REZAZDORR L 15 0.6 (1#k, HtstE) LT Tholz, £72, B
O ZEREHAE TlI R RAZEN L2RBETHY, WXTHELELGEIZIZE A
EOANDPEZGIZRDOONL SN2 1.20TF 2k, FEFHEAE. v
AAA FB) WZHFH Y U 7= UVEATE, 1998)

PLEDBAERESIFICBE LT, a3, VXTI IR EEE R X o8 s B
<, RAVEREFary A" YREDBARBWMEANRD vz, HEaziKT
SELHEKNDO—2& LTETEDOMNBEADRETONDD, BMEFFIZEITS Z
T D/NERL~ D FTEE L DIE DS B D 53 F O i o5 Ktk K OB (e 2
HZ, MEAREVESICIESTEBRALLT W EHES NS, IR
(B LTI, RHIIHE O 5 R DI 3ER D HiTo, FETE O HEE 54 H A
1$48 HH L RRREDOFBRIKS TH o722, LHMEIZIAMITIKT Lz, £D%, #
KiK4y 30%FEE & THoME L7- HFl% 57 H BEICIZHE O LR L, XA U F K
BOTH ELTWD72®, EKRSBERICE D ERA~D Z X OEFEO BT
TiEARL, NHEEDOEZBRBRETOLLL BB LI LRSS,

C ZA—UTFiN—
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WLJE 3. 2~3. 6mm O, LSRR S, Koy 283%E b e T 58— 2713 E
(ZRLJE 2. 8~3. 2mm D FEFRLL T 2> HRERL S LTV,

6/13 IIX YK I1E 16.9% T, R BEDOKDZ A K 1T%NBE—27 T
bolz, WIRIZOWTHD &, Koy 1T% % B —7 &4 HRIE 2. 8~3. 2mm DR
WKy 15% % & —27 L3 DRIE 2. 4~2. 8mm L TN 2. 4mm DL F OPERKIZ X 0 #
| RY (NG AY

ZOXIIT, BEECHE D HR OB T, PIDICEmAKSHICH oo — 27 D 2
b L, RAKRSMICBITT D LW BRE, KFEOWTHHmEENL TS (R
5, 1990),

—MRANZ, NLERFIZI T D R EE AN R Al L TR U T hauiEKs 4y
MZEBNWTIEE =7 R 1 DD E FRA KRG UIBET L L EZX 5N D50,
WO S TR E 2 kT2 & Tl OEDICH T DK DOBRLITAD 72
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KBTI, BE—=2713mAKSMERKRSENZ 2 DAL D EBZXbND, ME
KL DG EITERIIK Sy 40% % T 5B NI kA L, Wz B & 13135 1k L 72 %%,
SRR LFERAT D720, Rl IR Bk oo TS L7 b LRI
L, O, M3-1-1DXsice—rn2kfbLi-E2x 6N,

4 3-1-2 |TRLE Pl i D IR A3 IT DN T, BRI 28 b & s 3, 2001/6/8
26 6/13 F TITRIE DFER AN KR E WIE E R D 157K 53 05 i@ WA 2358 60 5
T2, 6/25 TIXWT N DOREHR S 13%RRE LR o7z, £7o, BEET L HRE O
K7L 2.8~3. 2mm & 3. 2~3. 6mm DFEFFRLMH A 6/13 ZFRVNTHRH KX <, @K

FINEEEKG EBRAKGIZ ST HHEEICIE, HEEZENETNOREMBETH D
3.0mm 25 3. 4mm FRPEICRRET D Z LT K o TKGBBIZAINITH Z LN T
L EEBEROND, 7B, 2002 T TR 61 51 2 AW CRERORER 217
W, Bl 2001 FNFED TH00D | OEE EIRIZRBRORE R 257,

3) EIERERERWHEICE D KA EARER

HBAZ 3.0, 3.2, 3.4mm ORI 2 V7RIS K 5 K40 25 EER
fER A X 3-1-3 1ZR 7, BRI R BB Al O SR BRI AK 4y, Mt 2 2. B # o ff
FITHRE LT/ N E KOS N2 T LIc/hNE DY ERiK s & Ehor LT,
WIS Bl RIZERE LTCRIE DO R E WS O DT RN I ghiKynm<, H
PH & 3. 0mm TR L 786 Clfi LIk B /N E DO EK Sy & & Tl F/hE D1
K5y DI RFZTHT 6% CRBIFTTAE K 3K 3T%HF) T o7z, £72, HBA & 3. 2mm
TER] L7258 13 P EAIK 0K 30% KF TR 5%, HBIE 3. 4nm DA 13

BRIK 3 26% W TR 8% Tl o 7=, KArBHI & W 5 BB X L FTok
DEDREWVWGTBRAREEZ DI, KPZEDRKREWIEICHBE 3. 4nm, 3. Omm,
3.2mm & 72572,

X 3-1-4 |2ff RIS S oo EBRF G2 RHE LEERER T, 72
B, T CEHMEREEHAWZOX, BEEEL T EH LOFNREKSDD
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EHIFIGOBRZ LT 6T, Ky 13.5%MAEZ WD LEEDO KIS TOEEE
BEIETOIHAEML RSO TH D,

FERL, @ LB ORGYEEEIG % %, RHETOEHBRIK S & BY%, Koy
E B, ke, WCME R, ke, EHIE O LK % B, KOEEN, ke, WYHEE

My kg, B FKTELYD, KOEEN kg, WEEN kel THIF

a/100= M,/ M, (1)
L5,
Z 2T, B/100=W,/ (W) (2)
H/100=W,/ (W) (3)
L/100=W,/ (W+M,) (4)
Th D,
* 7z,

Wy= Wit W, (5)
IS My= M+, (6)

Thornb, X (1) 1%
a/100= (B-L) (100-H) / (#-L) (100-B) (7)
LD,

ELo%EHHHb 00, HEE 3. 0mm & 3. 2mm DA IR K5 FEIZ 126
b, ARIK RIS FIZ S < ER SN DM AR bivlc, M3-1-4(a) LV A
B & 3. 0mm DIGE I, BEHIAT O BRIK S 30% O RFIRER_LIZFRE 3 2 Bk D
W E BEEIG 1L 50~90%FRE, K4 45% DRFIE T0~100%FRETHh - 7,
3-1-4(b) £V HBA X 3. 2mm DIGHIE, FEIBRIAK Sy 20% Tl LICiRE T 5%
KD BEERIE 1T 10~30%FREE, FEIBRIK Iy 45% TIEKI 70%, K53 35%
TIX 50%RETH -7, M 3-1-4 (¢) KXV HBE 3. 4mm OLGEITIT K
45% 3 Tl L ORI E BRI S O KIEZ 7R L7203, K 16~40% TILHE
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WEREE BT 30% U FOEERL, EH 0 BNKE BRI MEMIIRHATS
> 72,

U EDORER XY, BBRE 3. 2mm TIXE O LT T/HhRDKISZEITRK 5%REE
o BB E OSA L LTRSS WA, K5y 35%FEE ORFIICIZIER T 5
ZENTE T, /DNERITAKS 40% % FEAVUIRA L TWD LHBITE 5720, K
5y 35%MHIIFIEH) Sy TE D HBE 3. 2mm DOFIE, OB DK ER G EEEIT
LBAEICITESE TH D,

BRLK Gy EBBIGBERIZOWVWTER 3-1-3 (27, L7 @B <, i
2% D/NE DRBIGE N 1T I K 900kg/h & S5 A, RICED &l TRETO
BIK G INEDBRBIGETILE D 3FIRREICE E - T D, EEIKS 30% LU Lo/l
ETITIREERNENZ IR BIERERPREE N LEEEZEZOND, £ 72,
e RAER L ARBERDFEIL 100~150kg/h & KRE L IEH O, it 21T o =Ky
HiPH T, PRIBRIAKSY L IRBIBER O — %A 72 BFR 2 HIlkr 4 2 O 138 L s,
FESJRRL K53 DY 31, 6% IFIZ fie KHESR, AlRHER, FHRERL bMOBE LV &
<, FLEMHEA TS H OITREED @& W ATREME 2 R STz,

VL b, ARG BIRLIREAR O BRF T AR M AR sz b oo, FERYE
T 724 B OB E LT, RIERBIN FAAKAN B TH D/ EREICE 2
% 5B O TN e UK 4y 8 RI% D @Ky (B L) NE, 8Ky (B TFIRT)
INEDZENENIZHEY 2B 2 O NI T2 2 ENUETH D,

#£3-1-3 G

S KRSy (%) 45.5  43.6 36.2 31.6  EAMREF (fLAR)
RORBEZR 319 381 334 423 -
RIKRER 189 258 236 271 -
SEYRESR 239 306 284 317 900

#:kg/h

puns{g
o
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3.2 MEZJDREMASNDEE
3.2.1 [FL®IZ

Rk 19 FEEND/NFEOERREICBNT, Ky, X7 GBI EDRED
B REN LS 25 RE L THY, KRIERNIC X D KSBIRZEETIZ OWT
b E~OBEREST OLEND D,

ARIETIL 3. LIS SERERIEZ 3. 2mm & LA >0, [mllm =0k &
BIBEIZ TRiAKoy /N DBRIGER 21TV, KR IEBINT K D K57 B FL D R 2 pl 5y
IC5 2 DEEBIZ OV THRE LTz,

3.2.2 HMERAE

EER R BEE 2T o T/ R (B 61 75) ZZRIKGH) 45% 006 30%LL T D
e ¢, HFE% 41 HE (20034-6 H 9 H) "6 52 HHE (6 420 H) £ TH
L 7o, UUHEE#% DRkt 5~10kg Z HBH & 3. 2mm D ffi & W T RlHR 20K R 188 1)
B (ZAT—H0 <8 A33) ([ TERIL, i LIZERE Licb oz LXK, &
TR T LIebD&i TR E Lic, 7o, *RRE L TEH AT 72 EEERRI X
BT T2, AKBEE 10g ki-135C-24 h B L VT T2, D%, 40°CITERE
LicA—7 v (mA~y 78 LHU-113) N T 24 FERIRZME L, IRV CEA 6z i
(4 F JEB% KFA-480B) T 24 IRpfH] I8 R EZ R 21TV, 10°CITRRIE L 72 i
(TR £ TOR 3 7 HRIRAF LT R D 37 & &, R3OV TE ()
A AR B E = (T E AR L 72,

3.2.3 HERUEE

B AT DKy DR % X 3-2-1 1273 T, WIZH EXOKDBE TR LD &
<, ERENXIZZDOMDKST THY, RERNICKDKSBENNPAETH D Z
ENTRENTZ, FTo, RN R WS, X & LX 0Ky A0
<720, ILHERFHIAE < 72 D122 CHGRBIX & fF FIX DK 283 < 72 5 [
DR DTz, IHERTIIT EK Y TRIE DS K & W2 fii BICEE T 2R % <
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220, ULHERS W CIT R BT RE D REIRIC X 0 RE A U, i PSR T3 DR
2Dl EBZEIBND,

JRZDIK G M NG X7 B EBEOHER Z X 3-2-2 2R, Koy, 2" I8F
e b EXAE PRI FEICE S, EEIKIZZEOHB O TH o7z, fi b
T CIRIEE 0.05%, & /37 G 8T 0.6% D ZEN B o 1o [T W,

JROPIF0R TR R, & ooy EE &I BRI 28 L THER Lz,

3.3 F&&H

K5y BB AR 00 BRZE A 1) V) TR RS K B Ky IR AR IC B L €, @BIkE
& K5y O BAGR K OVET R 2 Bk 2 FI A L 72 K 4033851, 3. 2mm (2 ORISR L 72
BROJFEZ K ITIZHOWTRE L, UTFOmMAZRGE,

1) UHERE I 23 < 72 D ISHEV, IR AT ORLE IR LE 5 Ky DD 5 5/ &
<720, W% ORIITRIO TR FEN D KE 78 d LW ) RIFEL RO bz,
F iz, UHERFIZ EK S T DH0E L HLE% ORIEORD b K& o iz,

2) TR 61 5] KO THRLOMNY ) OEmAKD/NEIE, @KRSRLIE ERE D E N
HAARBO BT, £, BRETHAGRGHICLDMENE, ®AKD/NEEZ kR
BRI KV 55 U TR RIRLIRZAT 5 56, BRI 3. 0~3. 4mm FEE D & &
WZE DO LT TOKRDENREL, WHTHDHEDMANELNT,

3) [Elfin 2Ok Ry A2 FIVC, HBEE 3. 0mm, 3.2mm, 3. 4mm & CHLERRET/NE D
ERIGRER 21T - 72 5, KT ES L B DK RN Z1T O BAICITHB S
3.2mm DEFZ VD Z EIZXY, INHET D AREMED H H7K53 ThH % 35%H1#% D
REHNCIZIER) S CTED L OMR 25T, £, Ko 30~45% D /NE TR B

B, BHIRERITHBLZO SERRETH -7,

—

4) JREM S TEREF EXBIK Gy, 27 aEe b PRI FEIgE <, Sy
DHDIZEDOFHOMETH -7, NE¥KD THRERIC, Koy, # 2 7 a8
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FTAE KBANNEDHEBEEFHICLLIINEMRE~DEE

4.1 [FLBHIC

AR CITRIE BN K 5 K538 BI% O il 72 §n i e tE A I G e T 5 2 & &
R & L, W TRATO/NE Z EERA ORI 2 V&R L, R iE
JESRIE T R QMR EE SR NI CTRESR A ATV, /NERLE, /INE R DR ta K OV
B O bR LT,

B, BEANMSEORICRAITEENDD, BHICK > THREF LT T
AR SN D720, READORIEEIC K VMBI EZ W52 LT TE

AN

4.2 HERAE

PR 1 BRI 55 (- TREYERY 20 035 24T o 7o/ R (B 61 %) 2 ATz,
MFE% 52 HH (200546 H 20 H) 722556 HH (6 H 24 H) F CTEHRIAKSK
35%~25% D5 TULHE U 7=, AR HIE 1L 135°C-10g ki-24h L2 X » 7=, KiJE
AN, B2 TR AT O 2 B BT & 3. 2mm O fifi & W C a5 28 oo k7 J5 58 Bk (4~
A=~ A33) [T TIT -7z,

BRI X N ORLJRIE R 21T o T2 O LIX, i FXIZHOWT, %o 5 &ff

R E LR 24T o 7o, HLMRSR A O SN AT IR IR 7 oo tH IR R
i (= Ay 78 LHULL3) Z AV, 40°CIX TIIAHRHREE 50% (%1 B
0.035kg/kg (DA)), BO°CIK TITFHRIIEE 40% (HaxHim %) 0.05 (DA)), 60°CK
TIXFIRIEE 30% (i R 0. 06kg/kg (DA)) L% E L7z, 728, 60°CKIC
DT, HEE OAER TITAE RN B 40% LA N IZHIE 23 ORFE S D #iPHSN CTd 5 723,
EERORTEIITETH Y, LIREKTRIC L DMERTIIREEBY 30% %7~ L1,
F 7z, HEE O TIIAE N ORI E 54 ORI L, & IR E 23°CRE T MR
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DiGE, WEE2C, MEE6%RH TH 5,

i B LIRS CRIK D B A R ST D BRICHE E R0 T WT U v DI
L2MEBRAROID, BRUTMB SN D PN @EN R+ R hic@»nd 2 &
ZREL, B2 ——NICRETLIX (LLF, B@EREM4ERLT) 2T
oo E—=H—13300ml OFETHITET, ROESIETRELZRIE L, 7§
FMFIE 40CIK, 50CK, 60CKAZE LTz, £/, WEmEREMtE LT, # (B
£ 0.2mm, HABAE 1. 4mm) O BICECEFAER BV X DR, RS
50CK L0 CKREZRE LTz, alBHT 1 X 200~300g FRETH -7, VWTNhd
AT T 24 WefHl izt R HIME4E (40emX50cm) (CF L, PRIR R (&
R KFA-480B) | C i iR B R FL I 2 24 RFf T o 7=, £ D%, RralllE &k »
B E TOR 3 » HRENITEPNEE 10°COWREEIC TRE Lz, £7-, RBHIE
RO OB & RS, BEIE 2. 2mm ORI CTHERREEZIT -2,

R ORENL, 2ieEafst (27 v 2 8/) IS TLLT O ¥R TIT - 72, 100~200g
FREE D/NEBB D O HEAEZ 12 50g BRE A ¥ v — L (WA 60mm X (5 & 17mm) (ZF8
HL, BHUMEZ T LCI0RMIET 222 1y hEL, 1 KIZOWNT10
Ty b (&FF100[E) OREEITo T,

INERBEIZOWTIE, 77 XU F— I v E AW TERE, 5ellast (27
VAL CM3500) IZ L » THEEZHIEL, 8y REZXa7F 7 A #— (Newport

Scientific B RVA-3D, L& RVA & :09) 12X » T WE ORIE ZIT > T,

4.3 HBRRUEE

[X] 4-3-1(Z 2005 UL HERF D 7K 73 e OV H B & 3. 2mm D i (2 ChLE &R L 72 %% D
Koy ZERT, B PR EMmEX2BAITVEZ R L2y, FICKoEE EX, M
BIX, fE FXOIEICEVMEZ R LT, WX $ e i Tl 24 FE#% I
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K5 10~13% & 72 o 7o Bl B S F Tl 24 BB ICEIRATK 0B Z 2 2
~5% D Lz, £ ok, 24 B o W@ R 5L O 3 » H OmRENRE &
R4, BB OTROR B KD 9% RBETH -,

4.3.2 Hf

I SE JE S 1S CREMR 24T o T2 3R Ok A D E S B & [X] 4-3-2 127”97, 40°C
XIZDWT, L' TIHEBIX Z L OEWITERD b do72h, a¥, b Tidf k
XAMEVMEZ 7R L7z, 50°CIX, 60°CKIZDWTIE, L*, a%, bx& b EXOE
DEWERZR LT, £72, WTFROREJNX THL AU 60°CX D i &KW
AR L7c, a'le oW\ TiE, @K, i FTXES, REXIZE DM Y
BIIFD LN o 72Dy, fi RIX T 60°CKAMEWEA 27~ L7z,

W SR CHLR AT - T2 O MERE R &2 X 4-3-3 IR, 50C KD G E,
LxCTldfi EXD @V Em AR L, a"&b*TlE, i ERMMEVWEAmZ R L7Z, £
72, 60CKIZB0CK L IZIFFEDEZ R L, FHIXIZ K HiENE 50CK & A
DM &~ LT,

BARR) 2R iR S & S D MR S & i U Tl R S TIEL R OV D T
KTFRRO LI, FIZ0CKTIIEETH- T,

4.3.3 ¥

TS R SR A AT o T2 BN DWW T, B ORIER R 2 X 4-3-4 1ITR”T, 7
Z OB TIE, LIE@EVE, a® TSV E, b iEm W ESFE LV EEND,

LAHNZ DWW TIE, #EREEE 40°C, 50°C, 60°C & b fif ERAMERVWMEm 2R L, i
BX L FRITIZIERE Th 7o, F7o, SR L O T X CldizfiR
60CH I bK<, 40CE 50CIRIZEFFETH > 72, i XTI MLAEHE 55 A H
R CRLBRIEE 60°CAM R HIK<, 40°C & 50°CILHHAE. 55 H H 2RV CIEIE
[T -7,

a Iz OV TIE, WIhOBBEREIZB W THA LXK, MENX, i FXOE
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ICEWMEE R LT, £7o, MEERBIX CIXzEiRE 60°C, 40°C, 50°CDIEIZ &V
EarRL, #i EXTIZ60CHARbmUVMEAZ R L7223y, 40C L 50CIHIZIERFET
bolo, i FXTIRHAERE 52 A H 2R & @EREE 60°CHAmVVEZ TR L, 40C
& S0 CITIRIERETH - 7,

b*IZ DWW T, FLREEE 40°C K O 50CIZ DWW CIEff FIX, M®EBIX, ff X
DNEIZEmVMEZ R L7z, 60C TIHEENXAH TR LV v EL =L, @ EX
ILHFERE 52 A BT @K L0 &<, 53 A BICIZERE|X & i FXOR O
fExz& v, DBREmEFELVIRWETH -7, £/, HEimpIX CidHal#% 56 HH
(12 60°CA 50°C% Flal- =LAk, 60°C, 50°C, 40°COIEIZEVMEZ R LTz, fi
FRX TR 54 H HIZT 60°C28 50C% FEIY, 55 HHIZ 50CH 40C% FE
S 72 LAME, 60°C, 50C, 40CHONEICHEVMEZ R Lz, i FRTIEW T bir
VMEZ R L7228, #I2 50°CIZ40C k0 m <, 60°CITHFE® 53 HH A U'56 HH
ZFRUWC 40°C & 50 CODIETH - 7=,

LLEXY, RREEHINZOWTIRE T, X, § EXONEIZAFE L
o & DB MR I T, BRIBEICOWTIE, 60CHRE >72H DD 40°C & 50°C
DWW TR ZIE VTR O B o 7z,

4-3-5 | VIR COMBRE Z L otz RT, LNCoWTiE, #
MR EE 50°C CIEESEBIX L i FRIXIFIFEFREFEThH o2, i EXIZIEH2E A K
ELEOMMITFR O b7 o7, 60°CTIXER FXAHFICHESER X XD En
Ba2r Lz, £, fERX TIIEZEBRERE 0CHE <, i EXTIEmE & H1F
A%, @ FIXTIZ 60 CHAmVMEM Z R L2 AW b WME THER L -,

a" iz DWW, MR 50°C TIREEI X & T IXIZIERE Th > 2036 L
XS @ VM ) 2 78 L 72, 60°C CTII iRl % 53 H BICHR EIX & i T K2R L 7223,
i LI, fi X, HEEDXONEIZEmWVMETH -7, Fo, HEEIX, f#F kX,

i FEOWT NG EEREE 60°CO N EWEE R LT,
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b IZDWT, HZMRIRFE 50°C, 60°COWT LB E T X, MEEHIX, i EXOIE
WZmWMEZ R Lo, £z, X, ff EX T 60 CHEO TN EmVMEZ R L
72, fii FIXTIX 50C & 60°CIXIZIERZEDE TH - 72,
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BINT & 2 K G5 S8R Rz 1 A 22 il oy M QYU 12 /N2y db B G- 2 2 5222 O

TR LT

5.2 HERAE

RER R BRE 21T o 1o/ 2 (BAK 61 75) ZINHER%, HBA X 3. 2mm O 2 H v
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KTH D, 1E#HEAT ORI R R TIRERIK ST 30% L, EOm Ky FEDSE I
40~50C, £ D% 50~60C &7V, BEEDMEIC L D MEHLEE S 72 W E
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EBEZ DD, Fo, BRLRE & PEROURE I VME L 72 0, HLIR%BORIK 5 20%
BREE TIE30CH®E ThH o720, TNLRITIRED EAEIREO N, £,
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(2005/6/14) fii I 51.9 11.8 18 2.2 (300~ AREHA
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HIEEAME L CERMNRMEITTRREUTO L 2R 257, ok,
RBUIEHIR O 2 "o AR BYGE TR L, &K O IERES & S D
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Research and development to advance harvesting and drying processes

adapted to high-moisture wheat grain

Genta Kanai

Summary

Nowadays, consumers demand high-quality foods. Development of
agricultural processes is necessary to answer that demand. This research
1s intended to develop harvesting and drying processes of wheat grain. For
this study, Japanese wheat was chosen as the object of the research. In
Japanese markets, high-quality grains are demanded by consumers. But
the circumstances of production are very severe and it is difficult to
produce high-quality wheat grains because the climate of the wheat
harvesting season (June) is also the rainy season in Japan.

Chapter 1 introduces the background of this study and reviews former
studies mainly in the field of harvesting and drying.

Chapter 2 describes examinations to improve harvesting operations.
Methods to reduce grain degradation resulting from harvesting processes
were examined using popular types of harvesters, head-feeding and
ordinary-type combines.

The head-feeding combine was invented originally to harvest rice; it is
very popular in Japan. It is also used to harvest wheat, but there is
insufficient knowledge to harvest high-moisture wheat.

Harvesting tests of high-moisture wheat grain (30—45%w.b.) were

made using a head-feeding combine. Time of harvest, combine settings,
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and drying conditions were evaluated through comparison of operation
precision and quality of grains and flour. Experiments demonstrated that
45%-moisture-content grain was harvestable with no machine trouble with
a chaff rate of the grain outlet of less than about 5%, total grain loss of less
than about 2%, and damaged grain of less than about 1%. Harvesting of
around 40%-moisture-content grain with rapid drying can provide better
quality than harvesting with lower moisture contents after rainfall.
Harvesting with a low-rotation-speed threshing cylinder and normal
operational speed improved the flour color. The color differential in
comparison to that harvested by binder was less than 0.6.

The ordinary-type combine was invented and introduced to Japan for
large-field operations. However, there is insufficient knowledge to harvest
high-moisture wheat.

Harvesting tests of high-moisture wheat grains of 18-47% were made
using an ordinary-type combine. Time of harvest, combine settings and
drying conditions were evaluated through comparison of operation
precision and respective qualities of the harvested grains and flour.

Harvesting of grain with less than 40% moisture content was
demonstrated as preferable for grain quality, harvesting precision, and
drying ease. However, from a mechanical perspective, 45% grain was
harvestable with no difficulty. The total grain loss through all experiments
was less than 3%. The damaged grain rate was around 5% or less for grains
over 45% moisture content, and less than 1% for grains under 40%.

Harvesting with a low-rotation-speed threshing cylinder and normal

operational speed improved the flour color, especially for wheat with more
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than 45% moisture contents. Grain dried using 40°C heated air had higher
RVA quality as measured using an analyzer (Rapid Visco Analyzer
RVA-3D; Newport Scientific Pty. Ltd.) than grain dried using normal air
for grains around 45%.

As explained in Chapters 3-5, a new drying method has been
investigated. For wheat production, the drying process is crucial for wheat
quality. Wheat matures and dries unevenly, even within a single field. It is
1mpossible for an elevator to gather grain with identical moisture contents
because each batch of grain from the fields has different moisture contents.
Wheat after drying tends to exhibit a non-uniform quality because of its
heterogeneous initial conditions.

In this regard, Japanese wheat production faces a serious predicament.
Unfortunately the wheat harvesting season (June) is also the rainy season
in Japan. Although Japanese farmers are directed to harvest sufficient
wheat that 1s dried to less than 27% moisture contents, to avoid rain
damage, many farmers harvest wheat before it is sufficiently dried. Such
early harvested and high-moisture content wheat grain tends to degrade,
especially in terms of starch quality, because of delayed drying. Japanese
wheat is mainly consumed as Udon noodles. Starch quality directly affects
noodle taste and texture. Therefore, drying process improvements are
necessary not only to alleviate uneven drying, but also to dry
high-moisture content wheat grain.

A new method for early harvested and high-moisture content wheat
grain has been developed: classification drying based on moisture content

using a size-grader. Grain size is roughly proportional to its moisture
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contents. Based on that fact, this method classifies grains into groups by
size. They are thereby classified according to their moisture content.
Classified groups' moisture content distribution curves are narrower. Each
group is dried under appropriate conditions based on moisture content.
This method enables more uniform initial moisture content for each drier
and more uniform quality after drying than a temporary method.

Chapter 3 specifically elucidates the relationship between grain
thickness and moisture content and thereby establishes the best grading
size, the moisture content distribution of each thickness group, and the
consequent thickness distribution of grains examined before and after
drying. In addition, a rotary grader was used to perform a practical
grading test.

Regarding pre-dried grain thickness, later-harvested grain thins as it
dries in the field. However, after drying, the later-harvested grains are
thicker as a result of their relative maturation. Observations of grain
thickness and moisture contents using a sieve with the Japanese Food
Agency standard indicated that the best sieve size to separate
high-moisture wheat grains is 3.0—-3.4 mm. The resultant two groups have
higher and lower moisture contents. Tests using a rotary grader with 3.0,
3.2, and 3.4 mm sieves indicated that a 3.2 mm sieve is best for roughly
equal separation of grains at around 35% moisture content. The grading
capacity of high-moisture grains was about 30% of that of dried grain
because of its high friction properties.

Chapter 4 describes an examination of the effects of drying conditions

of classified grain on flour quality to develop a drying classification
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according to moisture contents using the grain thickness classification.
The grain classification was done using a 3.2-mm sieve. Subsequently, the
respectively classified grain groups were dried. The drying conditions were
thin-layer drying at 50°C and 60°C, and no-air-flow drying at 40°C, 50°C
and 60°C. The flour color was measured using a spectral diffraction
colorimeter (CM3500; Konica Minolta Holdings Inc. Co. Ltd.) and starch
properties were assessed using a Rapid Visco Analyzer (RVA-3D; Newport
Scientific Pty. Ltd.).

Flour color was improved in the following order of groups: thinner,
not-classified, and thicker. The starch quality of the thinner group, which
had low moisture content, was hard to degrade, but that of the thicker
grain, which has higher moisture content, was easily degraded.

In thin-layer drying, the drying temperature did not affect flour
quality. In no-air-flow drying, 40°C drying caused starch degradation,
60°C caused flour color degradation, and 50°C caused no major
degradation.

Previously, 40°C drying had been inferred as sufficiently safe for
high-moisture grain. However, these results show that 40°C drying
without airflow degrades the grain and that 60°C drying with sufficient
airflow does not cause degradation.

Using that grain thickness classification, Chapter 5 describes
experiments that were performed to develop a classification system for
drying according to moisture contents. Grain contents were examined and
classified using a rotary grader and a 3.2 mm sieve. The classified and

non-classified grain groups were examined for flour qualities after drying
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with a recirculating batch drier.

Regarding grain contents, ash and protein contents of the thicker
grain group are higher than those of the thinner grain group.
Non-classified grains have a median value. Flour of thicker grains also has
higher ash and protein contents than that of thinner grains; non-classified
grains are median.

Because of different initial moisture contents of grain groups, the
recirculating batch drier finished drying of almost equal amounts of grain
in the following order: thinner, non-classified, and thicker. Thicker grains
required 7 h longer than thinner ones to finish drying.

Flour color evaluated using the color grader value (CGV) was
preferable in the following order: thinner, not-classified, and thicker. The
order was opposite that of the order of ash and protein contents, both of
which are inferred to degrade the flour color.

Amylograph, farinograph and extensograph tests indicate that the
groups have different dough properties, but those differences do not affect
flour quality.

Chapter 6 summarizes the information of Chapters 1-5. In this study,
for the harvesting process, the relation between combine settings and flour
qualities, were clarified in terms of qualitative aspects but quantitative
aspects remain unclear. For the drying process, the new method was
proposed and its properties were clarified. Nevertheless, management

discussion from the viewpoint of cost is necessary to introduce the method.
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