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PIED X5 ISZRIEMR OE S & 4T, (B8 1 A2
D O, X4 — 70— 5 @EREHOMEZMEOE X
KBRS 5T Licil b, T10DE. MHEEEIEVES
RDAA — 71— 5 HHREFEHC L. < OZBHH T
DOMEHE X B fER2ITh T I RERIEd 5, 2O,
wiElo 1 BEEEEL DB B 586 bH 5, HKRES
2 TRZDIIUWHEHEMIRNCRE 1272, 1 FEE)HE
<. BRI LEGET Lcbo s Bbh b,

ERABNSEICERI) B UEMET LD,

4 =70 =5 k> T—EREIS N MEDHE S h
FlC, A SHOEHIC LD X/ A THEE S NEAZEA#R

=/ 3ick 3 ZIREAZEDIREE

E10

CF1dTHb, T TR DEEA T IREAZEL IE 3
&IET 5o HI0IEBRIC IRBAZ AT C LT 2k%E
ALTED., BICBEEIGEWR /) 3 THEETH 5,
T DRI A BRI KRS,
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‘«Q%

HHN”W”

®11 R/ 3icksREAZEOENRX

TIREAREI A — 70— & OEENCHE - THET 21
FAEED ENDBH. R/ ALBTRELESTH 5,
LOXD I IREAEATERT 5 &, BEEShMENT
R/ A%EERE T, HEMRIAEAE LTRbBE - TR
4 =7 -5 FHICELN, X/ 3 EEEEIGRS AT
Wioo TDD. ZIRBAEATER L 13581E. 24 —
7o — 5 QEEHC b ST H LR, EEED N
LEEBIETLTYL A,

ZIRBAZES S OMFHCE. PIME 5~ 10 em BiaD &
DUHEIZ . VIESE X251, IREES T
BWEEZEITH S, M>To ZIRAES LD 120D
MEHD O DR, UIENEL . Lb, fi-7E
S OMEHTHIMI L T T EMEETH b, ThiTHt L.
TIRFZEL L OIS WERHT, BEARHTACETHMR
RTE B, ZIRPAEIEEE LTHR. KI2IRT £
K DDHENS D, —DRAA —To0— s DEEHL
MOBETH B, bH>—DER/ 2EREBEIIGEET
5L ETHB, TTTRAFE(a)DHKICED, ZIREA
EOTEGh>1c 2/ 2l (BEHED» S 1 ~2AHD=
7 2D T BERY MOE S %55mmH5 105mmicZ5H
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@) (b) (c)
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TEE - WA o THF < M1 HMTHEADE - BERRERABEL © JHEEEB OBIFER 9

L. CORBASERIIBRT 5 T,

AA — 70— 5 WEREBEOERERAEE 4 1ORT, HE
BE)ic & 5 6 OEREFET 2L, 1 FEIEER12.8
min, (O UR448ke . BIFIO M LRIZ219kg &7
D VFNSRELLBODHELTH - 1ce TOEBRTIR
ZIRFAZ OB 1EL . 24 — 70— & OMEFIC & 58
Fidd i, T, GHEEBNICED, 24— o—43
iF » BEARDET FH. u—s3, FBETO T~OH
Bl A E 33 EA LB LMD - T, BIRHCHIE
LB BN 1OWTH Y. U8 - BERS LR
Hd22&ickd, BHTLBOEHTROHLESC
- EMFEIEE N,

w4 sy PAHRICKBED B LRES
( 2B FEERER )

=\ [EE 1 FIW b|E RS !
B b B LR # BN &
F\AHm B BE B =2E X B N
=) .| min kg | kg h cm| cm W

10.5 | 49.9 | 286 138 | 10 | 174
10.0 | 44.0 | 265 128 | 12 | 166
13.3 | 51.0 | 231 136 8 | 143
12.2 | 39.1 | 193 138 | 10 | 147
18.5 | 44.9 | 146 136 | 10 | 130

12.3 | 39.6 | 194 126 | 18 | 135

006

SE ¥ 12,8 | 44.8 | 219 | 134 | 11| 149
R 3.0 | 50| 52 5 4 17
% HEEHRBRHBUEE 109 ke, /m?

Flo. 24 -7 o— D IC—EEELATERSETE
JiE. MPRIEBIEAR. A E YRICABSTIBA »T
BPAFEALT > C by BHELHIET 52 L3124
— 70— S D € — 5 BEK S NI - T2,

wic, FEE ORI H UEEEE Ot
BlbiT, HRAETT 70 LB H LIl U 7-HeRb
BRI, &5 IRt X HiT35 kg T, IITEEH S a
DOBEIVEICHY U S S 13 155m TH - 1= 2
B H LRI ORI AR, 14ic, £/, RO H L&D
M © Y MORIR ARG, 16107, 131 L Tb

x5 Yurhy bhRiCk 3LBID H U OEBRSMH

1. MEUHREEE 351kg
2. YIRS & 155 cm
3. HEAR 4.2 6 m®
4. WHMERREDEE 8 2 kg /m

K13 HECy oMK

14 HECYLSOMEED HL
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B15 FREOHLUBROMEE Y NE

HUEE T, 1 FEBREORMED S OEREE 6 I
Yo #IElD 1 FEIEEEEImin Tt LT, Bk 2 H
Ed2.7min THRIGICHE 78 - 7oo T i iEo 1 [EE)
BT, 24 —7'0 — 5 BHOMBZEGSEN - &
ZRLTV 5, RE3~6HEETE. IminFiROL
ELT AR THER LTV 5, BB T EBLIEE
HRESEN30 ecm P FNTE - THb, 24 —7o—
5 LHRBO BB THEEL THRBOEA S HD . %
Joo WHAWNCIEAA —7 o —5 OfERIck 54, 2/ 3
POoMENRTT 256 6H 5. B H LK TER
DREBIEMETR. 24 —70—5 BHEHOEH LI
Do, A/ 3 BT - o EEEREERD » HEH L7, DL
Lo &S ISED B LB O PR RRIR B2 K1 TIC R T,
RcRd &S ichEo7a—rs —vigwz7a— 0
T MROREAIKFITHR T LN OHEH S N B IEHIC
FELOIREEZR L, Solc, MEOTHRY L
BETROHTORSNETVERMHDOE L EESTE S
s R Ui,

H16 {R#EMH2-—VERDSLIIREE
Fé6 SEEHOH LUK 1 EEEREE
RE | E | 140 BR[| & 18Mm
EE | 5 | | B [BE | F [\ | B
[E1% min [E1%5 min
1 @ 9.1 6 {D 10.9 @ >
2 {{} 2.7 7 3.6 i
17 SEBEEOHUBOMEHEREIREEDSS
3 {%}- 8.7 8 3.7
4 ﬂ} 9.3 o %} 1.9 LRETD H UICRE > Mt EORIBEZRFICITC . R 9
5 7.5 é?f@?j]ﬂ%?eﬁiﬁ.élmin EEHE TAEEHLTCAHABE. 1 BEIEER 64min. B
DHLEOke. BRI HELEZBTke TH-1o T

ek 4 EHET 5 & RBNHRENES BRI HL
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H LB MR RS R D1 § 5 2 M TE 5, BE
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b, MPEWIHEIC DWW TR A TS,
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S OMEHR T (3R DAL &18 5,
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EEEE S —EETHIE. 24 =7 0—& BERIE
FHse 1[EERH 7 0 OMRHRERD BRI S, ¢
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RBRED IO TRHICKEBRBER RO N h- 12,
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Ltze TOXHREFTHEET — FOMBEOATEL.
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24 =70 —4| BRI \ [BE)AE

18 THWROHLE

W=(1/2)0{R>~(R—£)%2} h; (1+7)
X p a X 60 (1)

T T,

W B0 LE (kg h)

o 24 —7o—#[BEEE ( rad min )

R A ¥E (m]

£ 2A—7o—5{ERE(m )]

hi P RZ) VT4 AEAES (m)

7 REEDMER-)

pa @ MO EE ( kg, /m?)

24 =70 —FEBEDOR /2 FOERES 3., BE
WOMOEAGS L ETHO . ZOFmESE THRZED
Hahsd, ZOFHIT>VTR, EASI T2 &
RELK(1) AN, (1) H»5 1 FESEREOE Y H
LEWo (kg ) .

Wo=n{R*~(R—=¢£)*}Im(1+n)pa (2)
TREIN5,

T LT, EREEDHRICELD,

=0.685m
h1=0.095 m ( 272U, \EWMOMAEEL LB
FEEET)
E L. FBSIORTEREBO, R (2) LD nicd>0TK
H5HE EEE 7.
7=0.70
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& p a BEMRL. HFIT. 0 a HIRE DB ER. 740
IMKBEEZ LN,

2.3 BRIV A o FTFHED LB ORIEE £

HIEICE. D1 &b MREE LTRO B WESI A
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HHTE 20085 »AMRESEY 4 oA LT—
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A oEREL8m. HE3.6m. NAKI 16md 0
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BT A 1425 6.32 m OIUR MG ERLE TH 5, TDH
A D DBEIEIRIC R 7 2% EE L. R4 —Fo—5 5
EHUT, K934 A o~OTFHEY H LB EEgion
RETH ., K20FEEERICH A afllBE Ny 720 5 B0k
BETH B, ¥ 1o, K2UCFHID LB 4 0ol
ISR L. ZTICH4 o ROEO H LB OF 5 H
BRERT MWL 7B S A 0 D L8Ny T 538
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1. ¥4 o
1D B
PIEX ¢ 1800mm. & : 3600mm. &K : 9.16
2) Ry NEf
EESER ¢ 1918mm. FER-N » F 4% ¢ 500mm.
& 706mm., TEAD 1,72 45°
3) MHE
B e B - & o 8 SS41. EX :3.2mm
4) B
NE: =R — W 2BEED., AE : ss—
5) X#
774w PRL6AR. BIE  1900mm
6) SEHE
EARER & EIEE SAEEHRE. B E & v o
Bid7 590 TanNy FVADEL MED
7 ¥4 v£E 6320mm
2. TAROHLEE (£288)
D 273 (M EERREMRE. /U 138K
*17.3mm)
2) AA—Tn—%
EXBA : Veor b AR, BEEEL : 520min
3) EEhe—5 ( 2BNEE. 3ErTTE)
iR 2 200 V. MDD ¢ 0.75 kW Bl : 1420
min
4) RE#EMAa-v
MR/ - 500mm

B, BERIFICH I - CTHELEEHIRDELD
Thbo
O HRE A V- VOBRBTNCHA SN B X ST,
R/ ALROMEHHR AR - 72,
@ BSOS A AT DI &
LD H KXW 20 mmiT Uiz,
@ E—4% 310200 V—EHHHII0. T5kWIcZE L.
2 A =78 — 5 [ 520min T & Ui,
2.3.2 AEEEOMRERR
WEHS A L — VOO H UIRERER I 2 BT - 70, 1
B FHEREKS T 2 BEEGEKSTHE L7204
V=YEZOHLDR[RIC LD T, ch oai 1 EE,
F2FEERE L TibR B,
1) EEH®E
(1) 218
B IR ORETo — X5 AN DED .
ToFa VT (BE) LTFRLI, tngxy) vahl
A 70T THIK L A5 3 A iciEwiAsL, BEbic
T L, COBOEDAHIEEIRI A K2R, &
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14
WTCEBREIT> /e Ty FHME, <2 XD ABA
D24 —7a—5 FEREDOMEEED B TERB AR
&, 0%, A4 —7o—sEEEHCT F = v b
VIRwERERE L, RO LRSI v h o b FEE
BHRAT - 7o BIEEE. WESERE 2 HilcE L1,
(2) 5 25RBR
1 EBROERAEE X TIRO LS BB EIT- 12,
@ 2/l VvIrOBEAEICED 3D, AR
21.7 mm. AE 2.8 mm OFELE R EMME 424 H
L. BILAERY v 7% 4 ARBRER LT, R/ afEk@1s
emé& L,
®@ R/ afEELES LN, 24 —Fa—y
AEGEL 2o BEED MUTERImmD &7/ 4
4dmmicZEE L, ZhamLUTERL
KM2BICHBEDR /) 3, 24 =T a—5 5Dk
EAERY
B2 2 4 a~OMEEDALRIEE
*8 MEMEOYINEST & PR
oW E ¢ | VUNE | A H|HE &
i | 2 &1# &
mm mm % %
0<4= 5 2.5 13.7 0.5
5<4= 10 7.5 33.8 10.9
10< 4= 15 12.5 24.1 18.9
15<4< 20 17.5 13.3 15.0
20<4< 25 22.5 4.1 13.1
25 <4< 30 27.5 4.1 8.2
30<¢< 40 35.0 3.8 10.0
40<4= 50 45.0 1.5 8.7 B23 BEEBOR/ aRPRAA—Ta—4
50< 4= 75 62.5 1.2 4.8
75 <4<100 87.5 0.4 2.4
100<£4=<150| 125.0 0.5 7.5 ® R#EH2-— vOREXFHEICHRTTEMA., R
150 </ - 0 0 13 — v b#TiCBE LT,
: : @ Y4 a~OMEEEDABICHIZD. R4 —F o —
FRONE | RERE | B RE U 5 EARDICRBEMS 5L & 24 —F 0=
139 136 98 5 ORESIHRTHN—2RWEL. TOWDEED
EiC Lz, # LT ¥4 L— VRO H U BSEHT
WIALER 629 kg . MERFHEEIKE 62.3 % EDIAKE I, ¥4 oBERERICERG 1o RIBE Sy FaBiE. C
BOHRESS 1.8 m T HER RN % 13T kg, /m* T DOHN—FBEHE B XS L,
o1z Ny F OMEREEYIN R 9mm T, YIHFRRE ® W4 ookEr—BREICT 575, EIRETA
ERARBICURT IR R EUIM R IT R L TP DF w SOEBICY o> TR, Ny F 0 v—F|
EL139mmTh o tre 4 L— VDR H LICHET 3 ERMEHL, ERRNBTEVE S BEEICEELT
& BN R 100mm PlLEOARKEISI0565%TH- 720 W, BNy FOIT LNy F U BEH LI

EWIABREH L 0L, 47 ARICTEN Y 7 %6 HRABEDOBEEZIA Y )V T V54752 THb, 4




TUEE « HER < TS o 4011 HEWTIAATRL - SERREIAIE - StiaEB OBIRME 15

o AOMEEEDIAZZ. 2ENICH T THBNEDERE &
D, MO - BEEBSETFEE VTS 3 AT DT
> 1z, WIEIDMEEKERIZ20~30%. B FEDRZ29~
68% (—EDOMEHCDWTRT v 7« v I EEEITHIE
Ipots) Thotio WITNORHDALEG A 0 KEF
T(HREEE 3.6 m) #HDids, FEHIALRILT62 ke
& 520 kg, &F11282 kg Th b, HEERHNIEE ZY)
[83 kg, m. BOEEDHRIZ 140kg, M TH > 7chs. M
Bloms 0 e LTRHOREETS - 774 PIEEw»iA
HIEOMEINE ST A% 9 1R T, FEEIHEI 3 mm
THREVIWE OmmIGEWETSH - 72, F 7o, YIHR100
mm Bl _EO#EHL Y v T vhic s in - 1z,

=9 HEMHOUMRS & NI

oWk ¢ |Uk | A & ==
RLEE & E &
mm mm % %
0<e = 5 2.5 20.9 10.9
5<é= 10 7.5 48.1 41.0
10<é4=< 15 12.5 18.4 21.2
154 20 17.5 7.7 12.9
20<4=< 25 22.5 2.2 4.9
26 <4< 30 275 1.3 2.8
30</4= 40 35.0 0.8 3.3
40<4= 50 45.0 0.2 1.0
50<é= 175 62.5 0.3 1.5
75<£=100 87.5 0.1 0.5
100<<£<150 125.0 0.0 0.0

150 <¢ — 0 0
EHUWE | E®REZE | 2R
mm mm %

9.3 6.9 74

107 B1BICH 4 o 2R3 U THEBRAEIT - foo RGBS
1EBICHED, HHLSBAZWOH L/, Kk, BOHL
P4 L= VR YR CRZIWEL, M oh o3
miinico v ) — MEE EICER L,

2) FEREEBE

(1) #5158

BRIy A U — D, A nERELE Ky ¥ED
BEAIRIC—IR A EOFELTRD L1, BENICOPRE
M. NI DV bDTH -7, 5. FERFOHER
BEAMBOEFLFICED 1.3 m &L HERE
BEIT 190ke, /M3 TH - I,

MEHEATHAIC X 7 2D S F Lictild. & v/ F
Wy FEITEEAEERBLTED, Ny FEHEL

bicH A4 oANETF Lice ORI 30.5kg THHDF
LD bEFEDIDIE . CORY LT SHEE /S
EYAVROY i

YA L—Dick B2/ IFAEKEBIINEEL FicR
FT. MEOBEBNTHDES SIRZEALTE L EKAK
BTHR/ 2 TCRLICHRETE 5 T & ABREL 7.

ZA =7 a—-gREEFEIC, 5F =y bV ([E
il 5D v FVE X 1.6 m)SEiHIc#2.0ke £ (19.6
N. Bl b v7294 N « m ) OF%E»G EEHNES
At CORETEY A L— VDREED « HHHEE
DIMTH -7 EEMEID H L AT 7edicid. 1
kgt (196N, [EBhih b2 294 N o m ) B D%
MEE L. MR X - CRIEHEN ZZ Z S it
SIS EAMBFL 7o,

kg IDHAET Fxy bV FMTEZ YA L=
DD L AT > T BHRIEKIZUCR L. kR

B24 vA4L—IOTFHMDHLIEE

*®10 4 L—UOBHHLEN

HEER| [\ B | 1AEE | L |EERD |SE 8
BEH =B ME B\H L 2 EEES
min kg kg /h w

16 365
199 478

9

NI
P

1/
14 160 686 340

12 120 600 3561
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Ky

12.8 |126.5 588 351
3.0 30.8 105 11
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F10IRT

FERES 1L EVEORO KL TH 5, 1A MEESHI16
min T, [AEBE TR TOR A — 70— BiBko+ 4
V= YA aREBECIR - T 1.5 mIEEE (¥4 o B
JR 5.66m ) it o DEEAEE L Toto, FRES 1
D DR U EEEE OB O min T, 24— o—4 8
WEREOHA L -3 0.5 mBEOREABL TR/ 2
EFTENUTT 2L -1, YIROEFTY A L —
VOB TR TRE 1o D FELH epsy
A BREEH &Y A LU — V& OBEEHF T D TR DD
LEDND, ZOROMO L TR, ERES 2. 30
FRICRON B XSICRELLIMO LT, 4 Lr—v
DEHETRES R 600 ~ 686 kg 2B g T
EMTEI, /. T HEHBEBHRIOTHLOERTH
350 WHIRICB X750 - 72,

COEBRTE, FARLI AL —Jk~_yD2XbHD.
YA L — IDREBAE SRE L BEED - PEE AW
LELNEZODTH -7, LbDLHic, E—4
77 350 Witk L5 85 500 ~ 700 kg DHA4 L
— VB OHEINE T & 2R L1,

(2) 552 %8R _

THN y FEREEOY A L — JEHBEE DL HS
O, HEDFEBBDHONT ., H74 5 LIERET. o
AV=YELTRENTVB LD LSS NI, TDk
T, TOHKDY A aiiBTh, [EIELTHN
B BEBYA L—ViIKHfild 3 Lo+ ahETdh -
1

Z/ B 10 cmM S 15 emicBE LIt bbb b
YL R/ 3 SOMERFRIZ38 kg (G7KE31%) T
TH Ny FEBOIEBICY A usTiZ EAEENETL
12

B, B2EBRTR/ amoOMER FEMFHICR
LTI - e BICiE. IRD 2 B Z Hh 5,

© YA algih o OMEEEDIALRIC, MEHZ—E

R/ ACH TS TREERAZ. 2/ a FicEi
IWRIETHRES N B, COBAIC, & v ¥ (55
0902 m* M ICMEROSTEH L 72 RSET Hi, ¢ DF%
OHRBERHTEEGRTEL O B TL ke Th 5,

@ R/ aATFER Y ROID, 4 o WEEFICT L

AT, X/ 2 TEEEESE S IR TMRHIEL =/

T THET 2. ChAKELT, 2/ 3 LT

(94 o BRI 59 4 o i - THRHT &
B BAgEAsitEL s,

PIED LS ISR TR TRV 36D EE
DL oy RO FAEHIER D H UEEBRAR O %
FEICEIEOIWEEZ 3, ,

RiT, B UPEIC ST » T flBEA o F 2B 0T
HN=ZGlE LT, SlEHLREET. 513 H UK
RIEEAERBEE S0 -1, K2BIRT XS4
L=YDR/AABZISEHA. A —F|EHLEOR
A= v—% 5RO OBEEERGED TRIFT, A3
— D EM RO SHBERICHIRIN TH 2 2 & 25 DT,

B25 R/2CKIEZMPAEEZRA—Tu—y
b OZERERIR

AL =7 =5 EASITRBESE S, ThETELD
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(NI ATEZSE A D). 5REHERE © 50mm ( 100mm
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5) EfTAHN 1 F = VRS #ETEE  048m min
(EHe)
6) FEIFTHE— :200V-4P-FE&HS 100 W( £+
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T T

q @ 1EFETHID DO HUE (kg)

Q  EEIOILE (kg /h)

412 FEE VR HONDD (m)

h 24 =7 o—s{EHEX (m)

7 MEHESEOREE ()

P a ! MEIRENTEE (kg /m®)

v A4 =7 0—4ETEE (m/min)

L 24 —7a—7ETXHE(m)

0 . 24 =70~ ETELEE (min )

n A4 —7o—&ETEE CE)

7720 R(3). (4) EdRA =7 v —F@EBRic,
2/ aFTHESEAWT LZd . ch oo Tk
Wizg. QiF. FlHELD bRELUEB,

B, R(4) THYEE VEIRTDOR A — 70— 7 EFT
EIRBERE 0 2R UL (6=0). RO &L S I EELR
TrREh b,

Q=qvX60 L (5)
PULOHBRXTHEL L7 -5 3. MRRBOEE
P a EMEHEEID 5 0 ThH %,

3.3 FAEEEE OMRERR
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M. BE 1 BREOERICIE. HELRDL S, #ME25
HEETINEREERE LAV
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UEERICER L7z,

3) WIEWE &RIER

24~ 70— OETRERCETEE 2 FHREL
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m kg,/m’| m/min min kg kg h
1 1.76 136 0.12 7.20 39.6 330
2 1.73 138 0.19 4.83 33.5 416
3 1.68 142 0.41 2.18 29.0 798
4 1.73 138 0.61 1.48 35.9 1455
5—1 1.68 142 0.20 4.60 70 913
5—2 1.04 - 0.18 5.03 66 7817
5-3 0.43 - 0.39 2.28 42 1104

% 1) MEEKE: 11.9%
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3) HEREES RO LA
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R16 THOOTHID M UKES

OB BAEHHO| xM4-7o-% oL | & i
m kg/m?®| m/min min kg kg h
1 1.68 85 0.54 | 1.67 39 1401
2 1.20 76 0.54 | 1.77 30 1017
3 0.78 67 0.54 | 1.56 30 1154
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WEZEL(YIHTR64mm LIT) DHERS R B 128~160ke
et Uit TR E A8 3 1B 128 kg, miICE
WETH B,

LU, FEOHRRBIHE» L. FRELAHEEL
BERREICIT . WS> TRERDERT 3 b
DTH-7,

%Eﬂﬁﬁﬁﬁab Dld. EE O OSSR Tl E O HERE R S8R
D338 HETH D, M NET SERTS
-7z ( T&?E;\ RIBEW) . Thrbd5&. Fibo, /N
FRICOWTE, BEVED S COFR Y TO@E
DREGEEL, S OICEIFREEHETET 5 T L h5T4E
Thb,

L L—H T, BIEHEE—TICL T/ vy 3
5P EDNTE D, HEHEOHRER B BT
TR, £ OEBREERRERITERZ BH L TT LB
DB B,

(2) MEEOHLE

MR H LBR. REOERDEMICHEASE VNS
Lb—ELREWV, LL. £15 (RBREE1~4.5-1,2)
IGRT LD, 24 =7 0—% 1 EETYS 0 DFEE
DHLEII343 ke, FHERAEIS ke . EEIRILI0S T,

BITHME LB/ LERETH -7, ThiRFEHS

EOWTHERFRTH 5,

) B ey~ OB DB

M*?VPQEHX@ HENBFNCGEBOED AT, X/ 3
PODOMEHR T AL, S 5IREE LR L AT
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x17 MROBEES » OBER%

= 5 7
% = =2 L= e b o
1 2.04 3.78
2 1.53 3.12
3 1.13 -
4 1.71 -
¥ o8B o7 1.60 3.45
BiEREE o 0.38 -
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5 PR 0.75 ¥ 4.77 36.1 454 125 54

6 = 0.78 %461 37.8 491 — —

W& D MREKE: 122%
2) MRIOBETIWE  18mm
3) WHBEESS 1 17~18m
4) HEEEENFEE [ 39~54kg « DM/ m® (¥ 47kg - DM,/ m®)
5) =/ a[EkE : 50mm( [EfHE 34mm)

6) MOHLIS Y Ay PERX

T HEAEEETR, X4 -7y fEIL AT Y

RHBEFET B 5. ThEDIELTE DI
W& R4 OO AR b+EET
BNEND B, X/ 3 THEFAERR IS,
s AU, HEORWEhOHHET
b MERE RIS X5 ICHET
5 & S AT,

(2) THED t UigE

A INERHHEOES

YAERERE R A 8ITR Y,

24 =7 a—4 | [BETECD TORD H
LB (FEBRES 1~4) 33592083 kg, 12
HEfFRZ0.85kg ZEMRE A B TH B, X7 1
oy NEHL, 24 -7 o—-y ETEES
B LCHEEETSE T, Mo LEBRIE
B—ETh-1 (RBRESL5~6). 258
KTDORA -7 o—4 | BETYZD DT
O UBi32004 kg . EHE(RZE 1.41kg 25
BT THO . NERICBOTHEO H

THEES (W)

HEEH (W)

(RgEs1, &)

180 [ LasiLA=z—5_
120 e N Vel
e — 1]
ETHE-%
60 P =
0 1 2 3 4
REIB RS (min)
i =2, fEEE)
T i B LAE -5
120 P b, Bl
] FTHE-%
60 T = 1
]
0 1 2 3 4
e Sietial (min)

35 /NERTHED M LKOHEES




T - A o T - M ¢ AEMTARARTR

« SEARIEH] - LA L OB 27

L. U TEAERTH %, 24 — 70 —4 FEROE
— TN EE . TR & 13 & A CEAL
15 ¢ 5AW. MEHEX D FE 123 WT, AR & Hi
LT 2 ~ 5 Wi L7z DITRE 15 - foo BLEIC KD
GRS 200 WRIF D, A0 ITOMEIRD L
LR LT

B AEHRADEE
FABROER. Z/ 2R 50mm Tid—H REAZE

36 HEHARDOKE

ZEFIE. ChE TORBRER S BRI —EHRD
HLBTH-1. RBER2 TR XM —7o—5 @l
BoOEMEIORBIc LD 2/ 2R TAAD LN D
HUBBKREL B T, ZOBRDERTRIIDLIEE

37 HABEOTHEROHLDORNR

(AR EEEHEEF )
F19 HEBEOTHRDHLEN
OB | R 24 —Fa-4% b | EEEY HEEN
% B|E S|% K[ gihn | e | e | HUE LR (BSELA)D
m | kg/m® m/min min kg kg/h W
al 1.71 | 289 | —— 0.48 3.78 81.6 12956 235
2 1.76 281 | =— 0.48 3.77 103.1 1642 214
3%| 1.56 317 | —— 0.48 3.77 74.1 1181 231
4 1.66 298 | =— 0.48 3.73 79.7 1281 177
b b 1.71 289 | — 0.48 3.73 64.1 1030 197
6 1.75 283 0.48 3.73 61.3 986 173
% 1 1) MklakE 835 %
2) MEOBEVNE  9mm (EIUMIE  124mm)
3) a@FUvAy b, bET v Ay PAR
4) S EHERR LRED O MR T
5) Z ./ afEfE : 100mm ( B 84mm)
G S fod, A/ ARBI0mmE L, 579 ¥ RIFFBD TN,

By b ET Y THy P OEHRNTERET- 1 K36,
I7IC T DEORE £ v~ OHEERI & B H U kREE T

nZHURL. HRERBRERERINTRT,
vy bEX(FERES 1~4) 3, HRES2

ZA =T 0= FFF 2 — VT - CTHEEICETSES
fzdb. Ty Ay PARTH. WO UIEH L TORE
B4 LTS ot 1 EEETH 0 OB B LE (AR
EEE5. 6)E. ¥Yvhy MEFRICHE U T10kgRilk




28

BEBMTIAFRESEE 2025 (1987)

DIEV, TOHFRTHE. KBS OMEHIR 2 2 %@BL
THH SN BH. 1 HISETES OLBZRIRIcR TS
Ih, BHAZEL TW2, sy v iy AR E g
LT, BhHLERD I ¢ 2RREEbN 3,

TOMIENEHT, B 1 t OFSRTEEARY 4
EWTEL,

HEFTFAHED H UICHEA LI MEOR TS, &4
KHELWSDTH -1, COEEBE. 24 —Ta—siE

(AT )
O7—7 7 77 77
o [msmbme=s 1
B T Jumysom——i] | SEYGTEEES 123W
I I A .
T 1/_4 T T 'l \ l
@ TETHE-S Ty ‘
i : T AN EE S 5AW
E W W W\ W W
P L\
0 1 2 3 4 5 6 7
BRI (min)
(Ewk, BXBOHEE-%)
500 - — T 7 7 7 7
Y. A A S S A S S S A A
E oo [T HBES 4 HBES 5 aE 6
ST Y A A ORI A |
= T VW T4 A
2 200 NG T e
T I W W W W (W W
T S W W VO N W N W W
] N N S W O W W
01 2 3 45 6 7 8 9 1011
FEBEEE  (min)

K38 LETHEYH LOEEES

Wi, MEHEEIRY AT — 5 OEEBHIEEROH
ZXBBICTRT s T DT B &, EFTH » KIBDBEET
 THEENR/NS . hRETAS L 2EMICH
Bo RETTHS « MRS D OHREMENZ. 3BH X
SNIMBIR MR ETH B DTt LT, thiicrs
LR ECDHEEND B0 ThH B, . A4 —Fo—
& BB OMRIZEBHS BB LB, 24 -7
0 — 5 B EOMBZERIES I EA LN EHBD S
Nt TOXHILT DS, BERIRS & 0 thftiFcD =
—FHMARE LTV BEREES 5h 3,

L L. MEHEEHD i — 5 OIS EREIT. &
TNy MAKTAAWHIE, 7o 7y M EXT 182
WHIRICBE 130,

ETRIC OV TREEFROMW E B L TR EA L
ZALHTEL . ZOFHHRELTH D, PLED XS i, W
FTHOMOHULARTH. &— 5 EHHEETES 300 WL

ITRPTIEE 2 2EIE S8 5 &0 MREZEEH S bES
TLTBO BBENHREEE 25, WMOH LA
W BIEA. EITOADELITED 5 BFHEH 255, ME
DEFUTHHEL 7. WAL EEBEROHSh3,
A =70 — 5 BERROERG . EITRPO—H
IREFTOHICHD, 2EFIOFNOOETHERES
5T ETH 5D,
WEOHBRULTD O, ERESICO VTR, ETR
ICR A4 =7 0 — 4 EB A 2EIES B TH, BHRERIC
E-YBAMER L XS BHBROXEI L » > fops, &
B EKAGOFOMEE C VTR L. ChERORE
ICHD g HEE. O H LRSS EEsRET
H ot

3.4 SERLOBREE RIS

FHWT L7 Rido & (MR UM ) RUSERE (%41) |
KGR (EM) . BEEL (EM) . B8 24—tV




TWEE « WA < T - I ABETRASDR) - BERRIAREE - SRS OBIRBZ 29

Ho (M) . BRVNES EAHR LR, ©vao
HEEDBOBINCI MO H L & SITARET, K&
NI TNMEIEP ot UL L. ERMLIES Iz - TR, 18
B ORMPEINT NS, Tho4EHERE. EHRmEm»
CEETLERDEBDTH B,

) o vy OHE

AR YPLOTHMOHLTR. B HE s
% 1 BATICED BAENH Bh5. THIERICRRTX
BHo R/ AFICAYRVIZEEARB L., —HIKEDTH
ARSI L0, EOLSIINE., BEH - fHah
HITY 2. MEOROFIACHAIC L RS2,
2) —ERIYHL OB

24 =7 -5 | BETS7:0 OTFHIRO H LEREE
BENT ED S, —EBOMEROBLEX A -7 0 —
SETERR L DB T C LS TR 3, BRERK ICT
DI=DHDEEH 0 v 5 — 2 LADIE. HETO—EE
oM UMaaEE 135, Rk, BEETEEERY v
V8 EHAADIE, < OERIT X D ELY H LREHSITE
T, MRORBEBOLOOEREFRICH 5,

3) HREEE LTORME

2Ny FRERHE AR E~OMEBic B VTR E
B &L 0 EBEELERIN D, TO XD R~
ORISR, 2) T~ HEBEICE 2, o
BRI OMEHHA T, EREMRTER &
NB, COEEDR / 3 PICHRE LIt o v <y T,
Ol Uikl 220 LHEH « #1469 23880 THI
DHLOKE LS, 24 —7o— s BTHRICE B
BEH L. MRERO—REIESRET 2700, HLAk
EOETHEZL bND, BICEEEOMRICE. FiRE
HReAEOW% o v Y LS B UESH A D,

4) HEBORT—NT y TS

Ry =Ty TICE L TOBMIR. XM ~7 -4
L BMEHEEEDIR (X4 —F o -5 FlK) &, 20
IR B IR & OBRNS. IR s h
TWENWT EiLh b, TE-T. BIRLLBEE S LiTR
T—NVT 9 TEEZDLETHIE, IROEHTL 2B &,
NS DM BEDEND B,

© AR YOHESI0OLEEL T 5,

@ A =T o—-FETHRO L VIEEKE T 5,
PEDESBHEC LB =T » 7 TR 2/ 2
WES EOFREGELE T AN, R4 -Ta -y KU
INESRHT2E~5 . ZOEEOBKTHATE 3,
ULipd, ThETHRALMRIONT, HEHIE L g

HOEETEH, £THEET 300 WAL T O/ WEIHE.,
BRFROMLE 1~ 2 t BiRE+HOTREE Bbh 3,

3.5 1 &

BIETE. WENEE 22T 2RSS 723 v A
V-UTh, AMEICERD X/ alicHiffTa 22 &
ZHOPICL, TOR 2/ 3 ZFIR L TH DS NED
HUEBABER T2 TORRBLESE, Lol, T
N O ULRARA — 70— 2 A/CHRIEBH S &
LYEEHHTH -7,

FIRERLIC—E0T 2700, ATIT-T0iC
OHEBEORFHLIGH - BESE, AR VAEHT
HED H LB RS L. = OMREZBE S o T L,
HREOBEIRO LB TH B,

(1) EBEIABBCVETFIRZ, a%EEL, EvEx
J ADERRRIC 24 — 70— 4 ZEE U HEEET
Hbo A4 —T7 0 —5ERZHICE 400 WD € — 4 A{3H
L. FEITRRIOWT, F2—YE2NLTAXA—To—
§EETER D RA =T 0 — 9D —IRiTETELE, 1)
Iy bRA Y FHIEFHL. 2 BEDE—9 ODEEEHAAY]
DB THESE. MEEED T,

(2) BEOHIEMEIMSHERE - IFBTE. soic. BE
BEOSHTHBIC L 2D H L AR LI,

(3) A =T o—4 AHERICGETSHT VRIS, &
DYy FOBIBSTT v Thy MERICE > ThH, HE
bR RS D T T EhsTE
(4) BF1.4~1.6 t (BM~EH) £ THEEDOS
WEEBND B ULATE. WO HUIKES B8/ 180 ~
200W (EeMf~Habt ) L8 - 1,

(6] 24 —=7'o0—5ICkBHEED H LAESR 9 2IE
LTI, #EMBOTESEETE, /2. n&
HREHTEEDS IO H UEIGHE TS 3,
Phic&D. CoHBEEBHTERTE. Lobdb, &
BETHEAROH T ENTE 3B EBTHIC &
OO, O M T5ERT 20 LS TE R,

4. ERBHIGEBOMRTR

BoETIE. HEFAIRD H UEBMAER C v %%
L. YEORIT 2% { OFEOHMIME 203 L TER
ZTO. BV OMEITE . BEREiRC X BERID
H LA Shic Uy MRED H L o b 42 L
&I,

Z 0%, BICHELSEREAENVEEL T AR/ - T




30 BEMBILTRAREEE 25 (1987)

O IS B70, <NV OSSR AR E
A, 2NNV R) VY IERRET STV NEL KRR
FADREHEMAE TRBEE ST LA -7, ERRME
BB OBAFERIR A 1,

2 CTAETR, THRO M LEENAR Y EER
& L. HHEMED b & CRIR Lo e A ST 5 4
b o vy g ZERBHBEBEOBE S . (FARUH
FREBERND & & ble. BERFER AR L.t
B ohIc Lo

4.1 TSRS B O - (EH
BB OE R—FERAMRT 5T EAHME L
TWAY, BHEAEETIhEERL THBTIC LR
IR 700, — BT OS5 L THNE
T B HERRE s haBasE ), B-#ET,
—ERBORBEENRE U ThUL—EER LT 5,
AR THRE U ERBHHGEE & C OEZHICL B,
— BT S NV B BRIARIHEBOIR E AL’
bR o HIRE L. S A SH THHIAHEE AT I
69) ¢ N & DBAEE % HAME OB
1o EIER LIOEAic k@Y 2 R IR, MRIAE
BB Th b, By SOkE S, Bkick > T, B
HE I —ISHIC BB DS N - B D BB, HHRIENT
IT & 2 IEEE I DB EORIEESRES 5, TNHD
PEEE. BAFE L7 FAIO M LSEE M C v 2Rk
YNEBIE L, CHEMBERL ERAADE B LT

ick b, BRTE 5,

Uin L. BRLARFIAASEE 13, ML) 1] 5 T,
HBENE, ENSOTIFENRET BHFIX —HickD
zxsh, RELTED O zofMiIcH-Th, £
TEBRA & & 10 LT 3 07 U M - 2R
EHSET BBRBEBETOPINTRISL . BRBE LS
% & bR IS RIS b - 7o C & EETERL,
COTEMALEE ORRTEEE L. RSETE. &
ST 7 duims gRng O
D 2B LI DRI TH 5o BRI

fﬁm@&b%ﬁﬁﬁﬂfv
4

BXRELa vy~

Zﬂ@ﬁn

o =)

TN 7

B - T

I piza s
B39 SRR EARE

&5 o % EHE At #

1| %o~y 6 |WMERLI VY AERET -4
2 | pEa v vEEE—4 T | MR

3 |BERLa v~y 8 | BAEAS— &

4 |BEELav~_yERee—y (PR E MRS EN )

5 | 774 MRAKSEET — 4 9 | 754 b

K40 ERBEFEREOMERE




T - [ < TE - MU ARWTAEAR - AETRMRERL - SHGREE ORI 31

THEOE LEEMNAR ey 2EARLE L, K3 9 TRT
&£ ICERBHHEHEARE L, BoXo v R
B — R A o, AR Y LR LK
MEEa vRPTHRZEL. &5, RELMEERESR
LTRARIC LU - 8t487 5, ARIE Y H SOMERIE
DHL I, EREoME s ERo2DE kI LES
TiT9,

ERBHAEBE OB EMESK4 0. FREMEEK20
CiRT

=20 TEREBHBEED X4

1. Wk vy
1) 2K 454 0mm
THZKER © 299 Omm, R © 98 5mm,
IR © 5 65mm
2) 21%: 870mm
3) #HiE: 83 0mm
{ERIERERE ¢ 45, EAERS 0 1363mm
4) Fo—v
ol Ao rFz—(Ro—51), £9F: 254mm
5) 754 b
YEFINE : 70 Omm BIEAR @ 458,
{EHE S ¢ 35mm, Hf&E: 76.2mm
6) —EErEEE
BRE: 06m®, LoVERE DA — rBRBA%E Y &
v b AR Ay FTHRIE
7 W#he-s
38— 200V —04 kW, MEZEE ( BusE),
Bl 0 55~33.3min ' (50Hz )
2. BsRLav Y
1D 2K 950mm
2) 421§ : 850mm
3) F =V
R ko v F2—v(Ra—5f1), EyF :264mm
4) 7254+
VERNE : 700mm, {EFASE & 110 mm, & : 127mm
5) EX&Ee—4
34— 200V—0.2kW, £¥—€—2%, 160
min }(50Hz)

4.1.1 %o v~y

IDR - -

YRV E2KOF »— VElIt—EBBTT 34 b &
B PRI LTl 54 ha v~y 19w
RiEEM%E (o vF=TR 70— ) a v~y ek
CRoNAESETHE D, Skt s kD,
EAEBROAR T EENES WA S0, k. B
Hi e SBRIAEL 454 C Eick DIRR, NI EHa

BTE B,

3 P THIAERR I, ARl v o5 OBE AR A 1
2T AR BT OES E L, KICERERAZS T
WB, T, BREEENET TS, Rk
%L L THFETE S,

Fva—FsvrEy 22 80 g sns &
S, MWAMEHEA 5o b EMERES 1 ~1.5m T %
DEELEMEIN G, CniE, BHEATIRE SN
REBHEHTHD, MBo» LAE . BEWIBIERIC
K& D o v~y ETl. B UAE TR
EV AT E T A AR L THWE, InEE
BISHEEY — PO A TERBLE D ETHE, 2 Ry
ik BHEICT B UBHH D . FIEH AT B L
OffEb b5, MEHEEAT TO—ETE L. Mlo%k
BAZFHT2OBFE LVEDELFICE T,

EHAEOR DA ICL > TR, KEMELEI XX
N0, 754 b oMESERIHL, BEA SRS
NV EMBH B, 774 b3V Ny TRIERERIARE
40~45 EPRICEIEASnEcE O™ g om
EHoD [EboEloERBE] TBEREic
BB 42~50 EofR % s@e Long s
BEE LT,

—J. 3 Y Y ERITERIC SKEREZRT T3, T
nREM4 1 RTEI i, BERLa vy X258
HEERUeke, ERETcrEs €5 (K4 1 0o0) £
D, IKEHOAE (K4 10@) »oRSELIHM,
L0 ERUHSHEST EOEL HILLE,

RBERELavR¥y

2L

BERL2 v~y

FRERIZE
@
T |
B4 1 BEERLI Y <+OR HO6E




32

BEBBALHEREREE 25 (1987)

2) 734 b ok R

2%DF x —VIRNAE ywFho—EryF2—v (R
o—5ff, €y F2654mm) 2FERAL. TOfikce v
L7 724 b B, +5 7 EA2ETESRSE, 75
1 +EE. BONCER. AER. 754 b~oMEoD
R 0H., PEl - HAREBIC 52 B EAIEE IR E L,
BHEIICIE 754 FES 35mm, R 762mm & L, #
EHEEEIC 4 5 ERES # T B,

4.1.2 EERLav~¥

o P HAGKERALE T, ARSI EE R
LEBRICT B 7edic, fkp s k5 89 ooy 80
MBEHLNTHE, LrL., ZhoaFEHTEE, BRERE
LERDDARBUCHL B /edd, 794 ba v~y ERALT
DEWMADNEULER > T, 7 T 4 b+ THERS O BH %
AR SN S &, MRHCBIT I ER L, ko v~
TRZ 54 T A TOEMROF] k& HRHSED 5
NoT, WMERLAT7I4 bR, M4 2iTRT LK
RIS aFRE L, BB 7 6.2mm TILER EHTHIC
B 2 HERES L7,

BxRELavy

H42 BERELav~YD7741 MEK

ZOMWH TR, ROL > BERBEFREICHEL
7osb, AERDERIIEBRER A AT LIREL 7o

@ M2 s~ roEtEEL (v, v

@ Wavy¥754 bEESNEE (C mm)
@ RBWEELIV~VHEHAE (6°)

BB, I oDEROMBERFREK4 3 1IKRT,

¢/

. d=10° :
(R ER )

Iy -0

vV %D XY EE (m/min )

v, (FBERL I VRYHEE (m/ min)
VoV ¢ HEXHEE L

C M7 74 b 5EiRS/NEE (mm)

0 BEEL v v EREE(°)

K43 @RESELav~vEHBELICSA 258

4.1.3 MBS

D B rEEAR
EREHEEBOHH - #HAEBE, AL VA LD
DHLBAZR2CERHSE 2 SERED, Ny 7
7 A& LT —FRHr B A /o B LB h B,
BRI TOME—IIFEEEL. 2o %3 olkETR
HECARETHE, THhb, K4 4IKFRT Lo %
DRERIRZ E70 5, CORERIE. BRERDS FRKTE
B THRSHEE T 5, COLITURRETHE 4518

Aile
A —=Tn—%
Fedhhs

aiaentt gy |

=

WA T OME
Pkt ks

K44 Hoxo v~y ERECS D 2 HPRHEERR




M - WA - T - M1 ARMTRRSEL - BERRIEAIBR - BHAANRIE ORISR 33

B, KEHDa v RYBEFERL LIETNEE 500
&, MErEROMBDT RIS EPREE 185, £ T,
fERlER A bic, WEMBES h U CARICERT 5
F=rEBDFLHT LB L. ChD OSBRI,
MBS —BC OF — t 2ERT 5 &, ERE TR
BLTHHRTET LML BERLI Ptk B
SEME &Y, #— b LAWERIER TR £ ikl & g
ERAY: 1 A

T DS OEARKIR 0.6 m® T, HMTEDL S0 R
B A5 kg - DM/m*( YIWiR 1 8mm, BHFETA ) .
o R HHAEESI5 00ke - DM/ h &3 4Ud. #93 9
DRFEERENE 185,

2) MRTEROR S

ARE VS OMEHEL L 2B BT 5 7o, #
rEEOREETY,
frgaEmtic, MEIMRO L~V 4 o FER VT,
M4 5 o@QicRd & S EiI, BRPTIIRIEETE
B 5 EEPHRR S8 | grrex R 2m
DT EBPRIARE Lic, ZOR, Thoitdhrd
M b v s R RETIDNS L R B0 FREHETHR
BB BBERHTERW T Edhd - 12,

/* LIV A oy T

Y3Iy bRAwF
BAEAS — b

IwhRAyF

H45 LVRHGEORNEA

[EERSPIR

-
ﬁﬁauexhyﬁ

wic, K4 50@1iRT &5 HilIRD FRT. )3
v bR Ay FEEFHIESHRNCONTHRE Lic, M
OBRCIEL TR FOBEIMIBARET UL, —FE
L EOFHBOBRIBIITE 7o, —EBLITICH - 7B,
MROBEZEI L 2RHENSEELE L TERSNh T,

B, BIERY — b OBIRREER ) Yy b R4y
FTHRIETEAREEZERL ChAEER Lic, Lol
DFEEAHES 2 EROEBDTH b,

K4 5 0@iRd & Hic, BERAY — b SEARBIE S 2
BMEREIRETIR, Uiy PRAL o FOBFTELD,
BRI VDR -7 0~ DETHELET S, COBEE
Tld. +ABEOMEREED S D BIC I &7 570,
WA CHEDITET 588120 TH B L,

@ WEE. HREES—ETH, By - 3%
ZITBEC s THEMEIDSERT 2R TH D, AR
ISUHE LN 5,

@ —EBULOIFEET) Iy bAA wFht T L
Y, AA =70 —5DETHELT S,

® TRKEED O MEIRENL <55 &, BRAY
— F T h BRI O E BT 5, COB, —FRE
THHEO SRS, BBAY — MidBvcE £ Th b,
—EBLTICHBEFALTET, ) 3y bR Ay FhiA
vEEYD, R -7 o— 5 IFHERO H L ZEET 5,

Pk X5 AR THERAEHRECRE L, ARy
»OOMERO L A2BEEIH LT 5, '

4.2 EFTRUHERES - AREES

BHETE TR UFER R, SR L DIIRHEE TS,
NS IFRETOEERIEDIGEL L 70T THETY
3,

4.2.1 HEhEES

BERLI VYL BEAHBOMBRIE. KRT
sacxs ),

Q=60 7 ° A V| oo an
T,
Q 4t E (kg h)
A RS YRy L OMBERIEE (o)
7 MEORBOEE  (ke/m®)
vy v RvEE (m/min)
Fie, vy BIRACL - TRD B,
vy =Pe o Nen/ 1000 e (12)
T T,
Pe fpav_¥F—vEyF (mm)
N E#HAATory bEHR ()
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n ERBIAR 7osy MEEEH  (min™!)
K(IDILKBHQIF, 774 bﬁﬁ[‘%&tiﬁﬁ@%’@dﬁ%bf\
ZTZRA-TOWAMEHEBW (kg)h b, RATRH 3
ZEBTE B,

S'—‘lOOO"l/(a-Pc) ..................... (13)

W=V 0 7 oot (14)

Q=060 cSew oo (15)
Z LT,

S 774 ME@EMEL (. min)
asPe 1 774 MER(Pec ®aff) (mm)
V1774 MEOMBER (o)
- a=3(774 MERT62mm ) | Wk v _virE
E5 0mmiCRE L 7B D, Fib S R O/NERGHERHE

BERAN4 6 1WRT, /2L, it e bEIWE 1 8mm,

B EE 220245, 38kg DM,/ m® &L 7,

600

~ 500 |- =
< 400
2 300 -
A — % ﬁ‘drhl?)%

200 = 1
w 20017 pEm | ¢ T
100~ Q = 80v,
> I I AT N I

0 1 2 3 4 5 6

Vi (n/min )

B4 6 MWakoy~vEEEFEREROMR

Zh& D, 500ke *DM/h OHBETI., Wk
NYHEE 5~ 6 m/min KT BNENDH B,
4.2.2 FTEENN
F = V3 Y XY ORMEFH I ECE#E O DR
FanTng OTT800 -rwama8 iek o
1o
L=(1,/6120)v;{# £ (Wg+2.5Wc)
+Hy £, +Weh }
z T,
L : FE#S (kw)
vy o Rt Y EE (m/min)
Ayt F o= A F L= VD B (kg /m)
Hy o PRk AR, RS OB IR (kg /M)
L D ovxyORE (m)
Ly 754 OIE (m]
Wg @ BeEMR l mM4cO0ERE (kg/m)

We ! F2—v, 754 M ED 1 m4khDEE
(kg/m)
h ta2v_vypERE (m)
AEEED 2 vy OlR, BEOERTEER4 7
CRT, LD, EREASACERER 1% 2183 5,
£=4540

2990

L
A

h =830
&

1
BAAT © mm L —
B47 HEa v ~YoERTE

N

1) B LoERKE
Witk fibh o, YR 18mm, 7=45kg DM/
m?, #y=0.5kg, /m
H B E:Q=500kg DM/ h, v,= 53m/min([¥
5240), #,=025% 4—454m,
£1=0.70m, Weg=Qx (1L760)xX(1LVv,)
= 157kg-DM/m, We=584kg m,
h = 083m
2) FREBN
L=(1/6120)x53(025%x454(157
+(25%584)+08%0.7+1.57%0.83)
=0.02 (kW)

PlEic& b, 500kg > DM,/ h Db &R O E
BHid2 0W T, BEMoEEEMEE 8 0 B & dThid,
BEMOBRBIZI OWTLNT EiKti5b,

L L, BRSO MK &% o v < i3Il
BEHT B 2. COBPORBEBINLBIRTEL W&
EZ o0 5B, LOLINBEOHBERKREHEOhICEN
TWHEWDT, ROL S ITHEIC & - TKRD 5,

HRBOFT DR, WRDCoulomb LR 5
DRI o

T=0 tangp+c
T,
t D EMIGS  (kegf/cm?)
o FEEESH (kegt/cm?)
¢ NEEERE (°)
¢ (HEH (kg em?)
BMRTTEA em?) &4, BIMTAP(ket) 3R
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35,
P=7+«A .
= (0 tan@+ c ) o A e (18)
RET OMEEIMR I, X (18)ZBFcEA L.
4 8T BAfRL DRtEICH I BEIN IR & 155,

®48 HHL~OFEMHEEAE

P=7-.A
=W COS@'tan¢+C'A .................. (19)
H(19)L Y, ZOHATCOREFHNIRATRSE N
%,
L=P-. v,/ /6120
Ihk DIERIO RES 12 RKD 5,
EMHEORIH D&
— I EARE : 0.6 m®
R AOREBE: A= 1363%70=9541cem®
A HEORE: §=45°
RU¢=132°% ¢c=004%5muze.
L= (1/6120)x53(0.6x45cos45°x tan32°
+0.04x9541)
=0.34 (kW)
Ukbic kb, BieRENS i HESRERE. —F

FrEESICL DRETEBEEZOND, COHSTI,

%

* -

é///”

LTEAICL BT NDOFREL, FTEMELDFDRNLS
TEBTFREINGD, GEREDIERS 0% & L, EigtHAN
400WDBEHETL W EHEENE,

4.3 AfEEEOHLESR
FECREBOBLHET. EREEEBLL b,
PEREZBA & T Lz,

4.3.1 B

1) sk

H oy 2T & BMEREEYIWEORIFAS 1 2~18mm ©
Fio o, INERRUEEZHA LI,

2) WERBRURESE

() HHE

BYRF LR BRCEEN - SR ERA
L. BFRE(HEKL120ke . R/DEAHED 00 1kg)
MHODOHABE( R ) 2V Lo -5 TRIETERL
HIEE RO, PHIDRIETIR, R v a-5DHS
BORE (&/N01keg ) BED-Toicsd, BEQRET
. BBy 7Ly va RV LV a-SE T 4
VINT Y vy EFERL, EHRDBEEEDI,

(2) WERUBERELD v~

T OB B y 7 7 v 752D,
Fa VYT vy THERRATDGRNE L. S EERE
EZATal g NEEH S v NPl AR 12,

@) THEESN

ik vRYRUBSRELUAT - sOREBNE. £
NEN3HSMRT V5 VENFTIBNE LI $72.
K4 9iTRg L HEEET, ko v _YEBHE—4
DABTRIEERFT - 12,

MsERET (T F o IR )
ElEgdeRet (74 V5 VER)
BRERER V¥ a b -5 (ZER)

INBRLF 4 20 (A AIWNRIAT)

o _ g b v TR

<IVT Ly X 3483
4 V5 VAT

\ _é21§= ﬁﬁgﬂL K
, % | 200V
—
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(@ EEN )
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3) EEhE
BEMBHIA A — by & THIBT LSS ARlE Vi
REAHITES B, FOUBERELRBHL T &, Ric
AR O M UEBE RIS 5, HEEEL SO
MEBE « S RESERICE - 72 & Bh N AR AT,
EFRELOBRBAZBRLUNELRAT 5, COM. #
BB - EBrEROME L~ VERBLT, BRIE Y H
SOMRELD th LA BEHIE L. RSB~ its
BEAERLT 5, UE, REEENEHBE. 5F0

B, vy =0 T, %o v RPICKSHARGEIR D,
MEEEL - AR RRIRERIGE N, BIEBEE,M S, v,/
vy 22 BEFE L. . ThllboEEE ik
DT, BICREARRE LA T, T D, Wit
Y NVREEE () 6m/min )R, v, vy =3~4 &
BABERLIVAYHEEE L, ko v Ny RERE
b hod, COBEEE17T~20m/min IZITEE
L TLIBOEREIT- 1,

@) T2 v _Y 754 hEEBNEFAC

- R21 D bk EN R

B o VR HE m %t

g Vi Ve #E C 1% 2

m/min m/min| va2/vi1 mm

1 210 17.04 811 2 OMHUIWE : 1 8 mm
2 2.10 1704 811 2 OMHEKRE: 1 1.0%
3 2.10 1956 931 2 @1 FBX ot ERFEI 4 ~1 2
4 335 1928 576 2 min
5 419 1704 4.07 2
6 419 1648 393 2
7 419 1648 . 393 10
8 5.03 1956 3.89 10

2. HERFER

L ER 3 ORI b HtiEE () 1 B DiRE

FE T Hk |& ek | &Ik BEREke | EHRE% | EMke/h | &8 ke/h
1 089 1.6 0.2 053 60 107 95
2 1.29 2.0 0.6 040 31 155 138
3 1.93 3.0 14 045 23 232 206
4 218 2.8 1.2 052 24 262 233
5 256 3.0 1.8 043 17 307 273
6 230 3.0 14 055 24 276 246
7 253 3.0 1.6 048 19 304 270
8 3.54 4.2 3.2 037 10 ° 425 378

v, gD P EE
vy  BERL o VvARYEE

C o vNY T o4 bl NERE

AR (H0.8m®) 9 Lickw, HBEOSDick h i
A ’)fio

4.3.2 FEREEBE

1D fEEEL. B2 vy 75 4 MRS/ NERR
&L AR DR

BERL I v_YEKPET, @7 54 b/ NHEE
C%2mm & 10mm €L, #¥fED AR LD
EKEERER2 1ITRT,

(1) #EXHEEL

Wko vy <YFEEY, (m/min) LFEIRLD v~¥
HE Vv, (m/min) EOESTEEL vV, v=0.F74b

CHS2mm OFARF. 10mm & HE L CEBREDS
RELBBERICDH B, DL HEBOET, %o
YRy 754 @I THREET Y0, EEREICSEL
3&TBE, 754 MEEUTETHRSEER OGNS
HE LD ohb, ZORERT 71 MMEOHRRT
&L, MHERICTE > TO B BEEDE (. BRILE > TR,
T5 4 MCEEE > MBIDIR LA LB BERSN BT &
bEEsN, Pbh o, CR—EERLLICTHT &8
B L. 10mm L ESARERL o7 T OREDH
Micd bL. EREROBRD v~y LOMBRE b
15 > TWA T EDBRI N,
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ESILE DB, BEXRELI v YA 8D HilicER s
HHT &Lk, MBEORESREURELSL b BIFIKL 3

TEERBER Lk, Tha+10°ERlsEs &L
2o

R22 HEWCNEROBHERES) L REE

tep 1 O FORIM 7 DELAER () 1 B4 7 D iR
g2 w |[F B | ® B | & | BE |5 |50 | € D

m/min kg kg kg REke | RS kg/h keg/h
1| 321 | 0597 083 | 043 0141 | 236 215 169
2 | 321 | 0575 088 | 041 0131 | 228 207 182
3| 391 | 0747 099 | 040 0.171 | 229 269 236
4 | 475 | 0889 1.29 | 062 0192 | 216 320 281
5 | 587 | 0978 136 | 070 0171 175 352 309

HE 1) AHEME D 18 mm
2)MMEAKEK 1224

3VF7 54 St/ EEC © 1 0mm

4) v2=16.76m/min

5) 1 HBREX OFtEmERM : 4~6m/min

RiT, O ODERE BT MMvNEREMEL.
BREELD XY EHAE+10°, v,=17Tm min
C=10mm it LCiT» e EBRERERK 2 210Rd, h
L0, K5 0RTLHic, HHEE( FHlisR 1 0 MR
TORBOWEME ) ko v~V EEOMIC 3, EHE
KHEREREROZED S Nz, £/, 1 0 BiEEoM
BRIT g AEEREIT 1 8~24 %, F52 2 %T. B
FostrEg s i LT b BmELiH TS - 1,

* fERE 1 THE

500 [ I
- INERR
400 —t
- S
300 L
sk LT oswiammn
® 200 - | [
3 Q = 5485v,+ 4277
— (7=09771)%x
< 100
0 i | | | | |

4 5
vy (m/min)

50 WEawvEE BRI

2) %oy ~YD7 54 MR BIRE SEBED
BafR
HICHHREF AR/ NS L, BHARELE 05100

£, Wgo v ¥ 7 74 MR, BRiconTRE L

TR BRA RITR< B,

O 754 BB

K5 | RURAREREAT Yo+ Ly Vs
HEBRES 2 (NFER)

270 v
L/
2401 £ z
B = L
210 - S_
( V
- 180 ]
g 150
qj'l‘blzo/
]
=90 7
60 /
/|
30 /
7 N
0 2 4 6 8 10
e  (kg)
E51 HERBEEENES]
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YL a—STHELIBITH B, 754 MERRT6.2mm
THAREBDOHY TS 2RI MBIO BN - #4487
13h b, BERWTEEEMOHBCRINTNS, TD
RERTIE. 754 dickb 1 0 REIIEET7.04 [E,
THbb, 1.43 Bic | @O THEOBE « s
T Tnb, L L. 1.43 WEANT b HLAE LR
. BRSO 1 EEDSHS, ok LHaE R
17 54 bERBMSLELRBABERECHAEMICHS,

Wal, 754 M EE50mm, BFE254mm (Fx— v
EwFD10M5) &L, COMBTERRERICT 54
MCEE - TV AMENLERERE BiaeTad, Hith - 4t
BBEETE, IR ELTEIHH - #5303
T eI D - T, DRI,

@ EiFEHys Pl

@ MHOE MTESIEIDEIETOND

® HMEHELEODT 74 b icHEsEE 5
EEMFKAEL., MRICE -7 Uiz,

o T, EBAENES LT BT, 774 M REIRERL
LvRELTHEHE AT &, WMSMBRIEAE L, B
Eo VRYEEEESTEEBFE LY, DT L
MB. 754 bk —iciEE AR MNERRE L
TT762mmAHAL .

2) 7354 pER

RBEROWMO &0, 1 0 PHBOHBELEH
HEERTC im LT B 08, BALRIGE R o4t is R
BB, FHRIMEE T 1R EAE (135 OO0

INERRAHEA L. FTESBMIRE ZERke OBGR%E
KD AR5 2 1R, COBATIR 0 LTI
155 EEBFHOSAMHL TV 5, MEOEERERSED
MR E T, MORBBR TOMBEZEI DL

30 '

| stBEs 2 (hER) |
2 () IRt RR O e
l ]
- 0.288kg /b
s 26 \\( g/bs)

& 24

Ny - \(0‘575kg/10s)
& N
i 22

20 L1 | | I | l 1
0 10 20 30 40 50 60 70

BN LS )
FHUESRAREMR & 2B FEO R

f—

E5 2

- ....<.W ______________________ m"lx/_"
@O.SHHIIHHJIIHIIIHJIHIIH
#

| l(1.726kg/308) (3504kg/60s)

B EZ DRENESARIRICHREBS BHRWIGEERNITE 5
DT, BV ENEERTOESRELEELTNWC &
MEE LU,

X5 3iid 1 0 T & DEIGEDEEPIE RT, T
DOEBMERIE. B BEHREERL TV B BEEKN TN,
CORBCTRWBEEI VY I54 b &2 S 7IHLTE

2 09’ SHEREE 2 (/hERD) LBFL 2 4%

P VAN N N
=0T )J \ 5
S 05 %‘ ﬁ bd

150 200 250
B ()

300 350

®53 HHEEEERES

®54 o~y 7 54 MEREMBOFEEDS

HELTWAE (S 40D), TOKIBIBKTIE. A
BMevhroMRPEY HENTH AL, £DETD 7
F4 MeEMRDET OBV, RO BLEEEL, —
BT O OMBE L5 B &, MR 7 514 bk
T KBY, Fe, FE - RRT BVIREEES
183, P bDT &ip o, SAEZEBNIETNICIL 205, £
B 3R E OB b BRI B . 754 b
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~DEEE D HHEL G2 CEL L HAREE DR it
BEREIc BN, ZEEAE LTWB T EMBER 0T,

70T, TRERROSEA v it —HFETicH 5
LEL, COBNTHRDBEEDEWEILTIFA M
HRAENEI L (K5 40@), &TD7 54 b &4 55
B E 72, Thick DIRITRY & 2 ICHHEREE Z
B TBHTENTER,

3) HHEIEE

COHBRICEL D, HIREE T ¢ — MMkD R AHS

®23 EEOERE MRERNTERE

O BWHHEREE

@ R EREER )

® IR TOMAERE & AR L o BEIRHE
WEBBF SNEIH, RICLNSITDONTIRET L,
(1) BERERE

o Lo N, fib o, AEEzh TR L TT
= IEBO N, NERRT OHHEEBRIER AR 5 5 KR
To AEIE VO OMEHEROBEL, 1 0 BEE0H
HEBEOEEICEZ ARBRELEAERDONT, THhE
GRS 3 KL TN H-TWB, Zhld7
74 FEIEOMRLBENTVWS EEbh 3,

wic, L3 B MEHEER oW T, fuko v

P 10 A e R ) , )
B OE B I ¥ | fmiEs | TERK VEE S YA B ROE BRI E OBREXIS 6 -1 ~3
&5 kg kg % IC7RG o
] ¥ + w 7| 0855 (0116 135 INERRTOEBREIZT~22%. Y5165 % T, .h
F4 Y&l 0855 | 0118 139 $ TOEBREREE i L THBBEERRIECHRLLTY
o |7 T 77 1131 (0109 9.6 %o fih b, EETOESREIE /S (| FIHER
F o4 Uy 1.1 32 0139 123 ZNFNL2%. 10%TH5B,
g |7 7 = 7| 3362 10530 | 158 PRI 3 1 2~18mm & WIS bbb
F 4 V& | 3380 0.503 14.9
4 ¥ + o Z| 6665 [0195 2.9
F 4 U] 6650 [0251 3.8
~ INEFR
e 1.0 l ]
N EBF 8% —— IEHERE ——
L L
~ 08

N o S5 o NN __'a;'"é' -l Zn g ";2![{—? S‘KS\‘L"X '7?%]‘

;; 64”"553__1 A B \TAYFUE:% _______________ S | B = N

506

b b bcon b e b
0 50 100 150 200 250 300 350 400

T S AR 2o, T4 Vo7 vy OFEREATR
iz, BFRFELLOHNEEHT T Ly v a YfI<v L
a-FLF 4V NT ) vy IHFIAT] L CEIRHCRIE
FO8R L. RIERSEEE LBMRET Lo, BRIIE 2 3Rt
LA, MEEIC X AHHEE. EBREEOERIET. K
G SRD ONTED - T, Chur b, HHERIRIEER
W37 4 Vo7 ) v o RER L,
HASER ICER S N5 BIRICI.

RS (s)

M55 B EBEBLXH AL

59, Mo & DHIBBENSRE 2013, YN
HHOBNCERET 2 bOBREVWEELOND, ThH
Lk - T, NEFR, fib 5. AEDIRIC BHERBE RS <
1Bk, DK & STEEEEHREL 5 BLU T OHMRRHE
T, KIBOMIEE B EHRTEELEA 5,
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sk fEfpR 1 BCTHE 6 d%k ﬁlﬁ%l%'é‘ﬁ:‘é
1.0 T [c)
- IhNEF 7/ - ilﬁ 4
,427 5 ————
- 0.8 B Z a - FEC s
=) & 7 T 95%EHRA =, o £t
~ 06 I i ~ 2
- A&7 q 0186 vi+ 0019 A ol 40 ///
~ 04 (r=og)¥, < 3 e 2%

- . | q = 0938 v,~ 0.187
T 74 = s T (7=0996 ) %
1g 0.2 i - v q = 0.760 v,+ 0.035
32, — Rl ~ ; ’ (r=,1‘000) sk
& i L 1 31 o l . L 1 q=0666v,+ 0041 |

. . = sksk
vi (m/min) | ‘ I | 1 (1 TJ 01_99? )1 |

25 ) . 0 1 2 3 4 5 6 1

S 20 o e v, (m/min)

Zﬁ 15 [) O. ® N 20 I

’EE 10 @ [y # 15 B © .

}l‘ﬁﬁ 5 % 10 @ ~

K L] Ll [ 5 5 o < —
0 1 2 3 4 5 6 T b | n | | | n |

vy (m/min) 0 1 2 3 4 5 6 7

© ZEVME | 8mm, BEYHE 193 + 3.9mm vi (m/min)

@ MREKE138% © BEE AIVTVIATIR

® Mav~+v7 74 e MERC = 2 0mm ©® HEVIHE122mm

@ v, = 1676m/min ® MHEKET66%

M56—1 MENERORGIES LI @ v, =1676m/min
2 Kk fEIRER 1 BTHE B56~3 HMMEEOMHMGEES LEE
. 1
- Fib & /
=R // 9?%{5%?@?% HERFH O RIT. NERT88~303ke h. Fi
Eo 0.8 g T T HET139~401kg, h HEFET270~2100kg hT
~ — Y q= 0'23—3\6}9;35?%1 b5, FEHBED OOFEBEHIT/NER, Wb 5T
o 06 % (r=0 — 3, B8 TR, EEOY 8 %
1 o, / VY REEE A 4.5m/min 2 5 6.3m/min ¥ TICHE
§5§ ol //"’ Lizz&d, Mav~¥ 754 Mels/NEEC %4 0
02 mm F TIIEHL /2 stk 3, ZOEER, Hic LEE
l 1 ! * 1 ' L 75 HLAABGR B DSATERIC S - 120
0 12 i 0 IR, DBV Th. EAREARS 00k
§ 20 . DM/h % Cid. EBELRERC. W¥ka v R viEERD
x 15 Ll | o0 COHEEIC LD +HafkE Bbh s, 7217L. COLMR
ﬁ%‘ 13 ° TR, EEREL D~y BT TRE SN B
R | | | | | | | BicRA DD B1cd, BERLI Vv RYBHEESEL
0 12 V3 (m/‘lmin> 5 6 7 YERA AT ST & 7 5,
1 s N -

® ZEVHE 18mm, MELWIE 166+ 14mm (B) KD ¥~y EE & GG RO

@ MEEIKR179% DEFNOHEME TS, Bk v~ EE v, AN

® C=20mm, v, =1676m /min T HICONT, R aMENL. BECEERERE

B56—2 HIMRED OOYIEES L HEE MTRENE, CNLORGD CHBELESICRET
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&, HFELOBESHAR-> 3 L AR L,
4) FREHAH

K5 7 ik v N YERBIC R Lo~ A AE YIS
BT E £ -y CEREI3ME200V—400W) 0 At
NBIEEE HRERT, BEOEATAL (HEESH)
40 OWHIRE T NIE, COE—YDRRIT4 0 HIRET
H B,

BERLa v_vYHE- 9 DAHRAEERTOES -

I I
400 |— A 3[5) min ‘///—
_; 11 ..( (,E]
£ waof—o 15 ot
| fo 16 |
o =T tgh
% 200 ——‘: gé .,A‘i: °
L L
% 100 rop L@S‘/ P=#201x10" "Wt DRTTW= 16285
& A (7=09972)
Iy — |
L_asfe HERNER
200 300 400 500 600 700 800
=g AW (W)
06
05 N T
X
W 03f 7= =201 % 107 w0877 - LOZES
8 02 ;
L]
200 300 400 500 600 700 8OO
E—-FAIW (W)
K57 ®—50DA - HhHKUIHROER
500 T
S
S 400 —@ DB
~ I !
B B
R
ip 300 [~ o
B
L 900 [ I I I l l
0 1 2 3 4 5 6
vi (m/min)
~ 200 I
B 160 4/%ﬁﬁﬁ
120 '
i L.
W 80 E
5 40
il | | L] |
1 2 3 4 5 6
vy (m/min)

E58 ko v~y EE L HBEIROIENE O BIG

7odS, HEBAIEAN., BHEE SIC120WT, H#18
BOBDIIEEAEHEB LT,

iz, NERRUTED b @O0 T, K6 8 i
RO YN EE LT YRV A - s HBEEIR
VIEKE N E OBRAER T, MATENES I, #H%
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SUMIMARY
Studies on the Development of Unloading and Feeding Machines

for Chopped Forage and Straw

Kenzou SUSAWA, Sadao SASAYA, Kazutomo ICHITO
and Hisashi HOSOKAWA

On livestock farms or in feed processing, much work is performed moving
materials from one site to another.

Material handling for feeding and managing livestock takes a large part of
labour time, 30 - 60 % of the total working hours are occupied by material handling
such as unloading, transporting, cooking and feeding. And still the majority of
these operations 1s human labour with hand tools: the fact is that this work can
barely be executed with human labour and that appropriate alternatives have not yet
been realized. Material handling is really essential for daily work, yet it is
lacking in due attention to the amelioration of its techniques or work system.
Further, due to the high intensity of this work, the rate and quality of work:remains

at a low level; and the working environment 1s rather poor because of dust and

malodour. In case of silage unloading, work in silos is accompanied even with the
danger of fatalities. The safety problems in material handling thus remain
unsettled.

In feed processing too, handling materials needs manual labour and similar
circumstances as above are prevalent.

These problems can be solved only by full mechanization of the working processes
in material handling. With this background, the objective of our study was to
contribute to the mechanization of unloading and feeding of roughages, particularly
of forages which are chopped and stored in bins. After our researches, both stable
unloading with low power requirement and feeding with high quantitative accuracy were
achieved with developed machines, making good use of bridging or clogging which is
usually seen as unfavourable phenomenon.

This paper describes our research on the development of mechanical unloaders
applicable to storage bins for chopped forages and related research, and is composed

of the Introduction, 4 Chapters and a Summary of all Chapters.

1. Development of Bottom Unloader for Round Bin

At the beginning of our research on the mechanizing bottom unloading of chopped
forage and like from storage bins, our fundamental idea was as follows: if it is
possible to utilize clogging or bridging properties of forages in some way, it would

be also possible firstly to pile forage even on a slatted floor, and secondly to
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unload it through the slatted floor with low power requirement. To realize this
possibility, first of all, the relationship between the clogging / bridging phenomena

and the spacings of slatted floor was investigated.

1.1 Clogging Property of Chooped Forage

The experiment apparatus was composed of a round bin of 1.8 m diameter and a
slatted floor. This bin was settled at the height of about 600 mm on wooden props.
The circular slats were made of steel pipes and they were aligned in concentric way,
the spacings between them being adjustable from 50 to 300 mm.

When chopped hay of 16.6 mm mean cut length was loaded into the bin, the falling
of material through the slatted floor could not be prevented in the earlier stage of
the filling: but once the clogging phenomenon took place, chopped hay could be piled
on the slatted floor which had the spacing as 18 times wider as the cut length of
hay.

1.2 Design of Mechanical Unloader for Round Bin

Clogging phenomenon of materials, as stated above, could prevent chopped forage
normally loaded in the bin from falling through the slatted floor. Utilizing this,
the authors designed equipment to unload materials through the slatted floor.

The unloader designed is a sweep rotor type. The tined rotor, which length is
nearly equal to the radius of the bin, is laid on the slatted floor, pivotting on the
axis of the bin and powered by an electric motor. The rotor, while driven, can also
be turned around the axis of the bin manually with a reversible ratchet handle, which
allows the rotor to sweep the whole surface of the floor. The rotating and turning
direction of the sweep rotor are changed every 360 degrees turn and this procedure
is repeated.

For the sake of comparison tests, the rotating direction of the rotor concerning
its turning direction was made selectable, by which upward or downward action of the
tines to the material was to be realized. The upward / downward action of tines was
expressed on analogy of the theory of rotary tillers as 'upcut' and 'downcut',
respectively. Through the comparison tests, it was proven that the downcut method
was preferrable to fulfil the function of stable unloading of materials. Less power
was required for the action, because the net power for the equipment was used only to
disentangle materials from the bridge.

In some cases, the material once picked out by the sweep rotor, formed a
clogging layer underneath the slatted floor: this ‘'secondary clogging' could be
prevented by increasing the length of tines and spacing of slats.

Though these tests were conducted on chopped hay, which is usually seen as
rather easy to handle, the shorter and even cutting length was preferrable for our

equipment.




Jo S B R AL BF S BT $R 45 55 225 (1987)

w
(3%

1.3 Design of Mechanical Unloader for Gas-Tight Silo

An application test of this sweep rotor type unloader to a gas—tight silo was
conducted with silage, which is seen as rather difficult to handle.

In this test, tines of sweep rotor were longer than ones before. The silo used
has an overall height of 6.3 m, cylinder diameter of 1.8 m, cylinder height of 3.6 m.
A cone-shaped hopper was joined to the lower end of the cylinder, and a slatted floor
was settled at the joint of the cylinder and the cone-shaped hopper. After filling
highly moist chopped grass into the silo thoroughly, the silo was sealed as quickly
as possible.

When the fermentation was done, the seal was opened and it was observed that the
silage on the slatted floor was clogged as well as chopped hay and its quality was
good. After this visual examination, a reversible ratchet handle was attached to the
turning shaft of the sweep rotor and the silage was unloaded. Mean energy require-
ment for unloading silage ranged from 300 to 350 W and the unloading capacity ranged
from 500 to 800 kg per hour.

As stated above, by making use of a slatted floor and the clogging phenomenon of
the material, the feasibility of the development of the mechanical unloader with a

low power requirement was affirmed.

2. Development of Mechanical Unloader for Square Bin

The mechanical unloader developed in the preceding chapter has several merits:
such as, the entwining of materials to the tines of the sweep rotor is extremely
little by changing the rotating and turning direction of the sweep rotor and so on.

In order to improve this unloader, an automated mechanical bottom unloader for a
square bin was designed. The equipment has a very simple structure and is composed
of a sweep rotor and a slatted floor. The slatted floor is made of steel pipes
arranged in equal parallel intervals.

It has two motors; ome of 400 W is for the rotation of the sweep rotor and the
other of 100 W is for its reciprocation. When the sweep rotor arrives at one end of
the bin, the rotating direction of the two motors is changed at same time by a limit
switch. This procedure is repeated and material is unloaded continuously.

It was made clear that the unloading capacity could be calculated by obtaining
N, bulk density of material and other mechanical conditions: here, N is the ratio of
distance between the lower surface of stored material just after the passing of the
sweep rotor and the slatted floor to the maximum height of tine’s tip from the
slatted floor. Many kinds of materials such as hay, forage, straw and so on could be
stored in this bin regardless of moisture content and unloaded automatically by the
sweep rotor. -

The mean electric energy requirement for unloading material ranged from 180 to
270 W. The unloading capacity of 1.4 - 1.6 t/h could be obtained. As stated above,

it was found that the developed equipment was applicable for automatic and energy




FUEE « TR < T« 411 - MEWTHASRDR) « BEFRAEAIBEH « BHGEB OBRFHIR

saving unloading.

3. Development Research of Feeder with Constant Feed Rate

Accurate feeding was capable by this square shaped bin (Chapter 2). But more
accurate feeding was required for the processing system, so a feeder with higher
feeding accuracy for plants or experiments was developed by using of this square bin.

The developed feeder was settled under the square bin, in order to supply feed
materials accurately by the following process. This feeder has two conveyors; one is
an S-shaped flight conveyor, the other is a flight conveyor which returns excessive
amounts of material to keep constant feeding. This excessive material is temporarily

kept on the inclined part of the S-shaped flight conveyor and the unloading amount of

material from the square bin is controlled by detecting the amount of excessive
material.

Many tests were carried out to improve the feed accuracy and to determine the
specifications. As a result of performance tests, the feed rate of chopped wheat
straw, rice straw and high moisture forage was very accurate, and the coefficient of
variation of mean feed rate per 10 seconds ranged from 1Q~to lS%}L The feed rate was
adjustable and ranged from 270 to 2100 kg per hour by high moisture forage. The feed
rate of each material increased in proportion to the speed of the S-shaped flight
conveyor  and the relationships were expressed by regression lines with
high significance. Moreover, net electricity comsumption for driving the conveyor was
about 160 W.

As mentioned above, the initial objectives, that is, high feeding accuracy, wide
adjustable range of feed rate, good operation and less electricity consumption, were

fully satisfied by using of this feeder.

4. Examples of Practical Application of Developed Equipment

A series of unloaders and feeders developed can be brought into practical ,oper-
ation by itself or as a part of certain facilities. In this Chapter, actual examples
are given, with discussions on the utility of the equipment.
EXample 1. The authors proposed a layout of installation with several machines, in
which the developed unloader took the part of feeding chopped forage or silage to a
feed mixer. The wunloader secured smooth and labour saving operation of the
installation with a better working environment.
EXample 2. The developed unloader was used as the unloading and feeding part of a
milling plant of straw for the preparation of livestock feed. 1In this case, the
typical advantages of the developed mechanism were fully exhibited.
EXample 3. The developed unloader was incorporated in a dewatering machine as the
feeding unit of forage. In spite of a high moisture content, forage was unloaded and

fed without trouble.
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EXample 4 . The developed feeder with constant feed rate was joined to an
experimental feed processor. It helped remarkably towards the progress of precise

and exhaustive experiments on feed processing.

Tech. Rep. Inst. of Agric. Mach. 22:1~54(1987)
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ARG EMNTEHET 54T, BREMRE L]
VR ETR, RBOBEER NS LD ENEEZHV S

RUET R ¥ 7y 7 VT, B (195 ¢ RiE
hizbo | ELTLOEIRENTVS, 7, COff
DEIFX#AE Agricul tural Engineers Hand -
bool (U. 8. A, 1961) T. ZZ Tl Loose Straw
ELTRENTH S,

3 B OTROHER( 2

WERHAD,

FHRER, KR, [ELORBUOEEEE 3 ITRL
2o BRRER T, IO O LEIL XD K 1 HOAS
SONE WIS RO BEE IARE 18 o7z, FEHiEmR,
RERDORHEIFEL  FERIhODIEE &t LT 30
~ BOZRRE DIZMEE LD 3913 34 kg DM/ m® TH -
7oo 7o, COfEI, Structures and Environment




W - 0 B R 59

RE FEHERN S OHBRRSIEE

e 1RDORE S | e | #E ®
e = | AkE | REJERE

&5 Rk k% ) % | kg DM/

1 [ RER 82 1.9 29 29

2 " 82 1.0 " 47

3 [/NER| T3 0.55 15 27 ~ 33

4 [ K| 36 2.0 12 30

5 |ZFkSE| 126 3.2 60 37 ~ 55

&l BEES1 - 45 O—HIILRNCOHER,
2. B|ERED 55 kg DM/ mid b 7 v/ FdHs,

Handbook (U. 8. A, 1977 ek w3 < Fhiob
5 (Loose Straw) |, 32~48kg /m* &L —E L T
Bo TDNYET w7 BEAT A Y HrhfaE, At
HOBREAWRICLTE D, bODOEFNERTH DL
Bbonsd, L L. R LICEDLED MHIERE L,
BIRLEE 37T~55 kg DM/ T, Fib oL hid/ha <,
FE, KEBRLDFIPPAREWEETR LI,
PlEAERT 5L, #Hb L OHRRMI BER, K
WEDS/NROFPREL, Fhe, FR, KGRED S
b LDEMKRED -1, Z LT, b SORS R
FEEII/INETIOkg DM/ m®, K T60 kg DM/ m® T -

1oo Tl B, KGR TORSI347 ke DM /mé ., Ll
34kegDM/m® TH » foo VI NHERE TRV ICHERE
LISET, fEEIC DL S TREES R &, B
FEEE SIHEV DI 5 L Bbi b,

3.2 iREMEo B s

Wakeh SR UEBSICOVWTORESE L, 5K
RLT :
BEREOBSEHafhNTVWADR, ERERaY
HDR=F bH 7, 2L ANAR—FTH ot &
FABREIEN —AN=-F 94 bRN=FRUEy I
FR—35 . coftt, PNUAERDEI ¥4 b—F L
EONBEHD, RE-NTUVFR=FRBETCTH- T,
FRICEEEL 74 v (RO b) AEbh T,
WEFNON— 7 SIREREIEEL. 53— E O
T, EERICHRETE BT, $/o4 — 0, B B
T & - T bl RENS SRR ERIE R - TV 5, L
tohio T, MERBTEBECO VL T-RILHT I &
T&ELW, UL, RIORLIMER. BEEExRON L
L-WafEE Tl . wihbS@EolarE, +i
bb, BEEEE, b L EESAREOMEEC L2
bOTH- e BbNDB, COLHTBED D, KEH
S REN B & OREICE > T 50, IRICEE
LTHB,

x4 WAL o ORBGERE

#® W ) MR | B | R =
o #t o= B GKE | HadE  REOEE RESRER
& B % |kgDM/ffiEl| kgDM/m?
1 |9 4 r» ~ = 3| 31 5.6 59
2 " " 7.9 82
3 y " 6.1 61 | mijpmst 1910
4 " 15 14.0 123
5 " v — | 83(79~98)
6 " 13 16.4 112 | &t
7 v 20 13.1 100
8 " " 5.3 70 | EmE
9 " " 6.1 75 |pEe.y D
10 " 63 6.9 53 AINEER 2)
11 " 21 14.0+25 83 EEEEH 25
12 1 23 — 219 g BIELE = 08)
13 [ =354+ OMUEE|] 14 3.9 52 | EihiE 19)
14 | v = x = - 5| 32 6.7 43
15 " y 10.9 57
16 ) ) 6.7 63 |mpmat®
17 " " 12.1 78

Tl 94 bN—F X AFERGRBTHEE9

o

.31+ 44.9 kgDM/m?

(BHEES 12 2B0I084, 81.9+22.2 kg DM/ m®)
2. WmAN-F K AFIEWERBITERE60.3 £ 14.5 kg DM/ m?




60 WA - S B RM U EE

R5 WMAFR. KERORM#E

% om #o=® M B Wk | s | g
Ll 2z A1 = R b . =hay
£ = C BB ) E:7k% i@ DEfV =3 %ﬁ%ﬁg‘; I BRI
R N Bl a0 [90~100 15 (r0~79)
2 ! 15 8 68
T
s \h L s B s e
4| e B 5| 20 [140~1D [H0G1~50)
Y 7| 8 |67(46~60) |50(42—68)
(€779 F%=5 ) [T14 [4905~60) [48CA~E8) | 1 e 20 )
6 ) 12 215 81 i
(183~270) | (66~111)
AN * [
TR a0 Eel s T oso 9 93 e
ANEER
8 ’ 46 9 103
o X LA Bl 7 2z |
10 | & 8 Bl 14 10a~200 |o5(50~132) R
(24 K =35 )

Wbhb  ZAD A bR— S X AWERBIERET
J{E53k g DM /m 28 219kg DM /m? 20 =, A 7358
EWB-too REEIER B E R R TR EE DS
TH B, P74 VERR LA - F ik BERENT 5
EL LT, MEgETRINIEED bOICPLHEL T
2,10 2) 8D yim o1 100kg DM mliii s 2 LT CH
5720 SPHEE 93.3kg DM/m3 & E 4K 13819 kgD
M/'m® T -1oe FHETRTC &id, BT LHEHLE
FEHNILOA, T OED 513 100kgDM/ m* 8 72 Hl
BAEERHEDRISNTVEODOTIREPE Bb b,

24 b R—Fic K BWEEEL, ZTDOBRON—wY
FY YTl vbhbdl &g, X—w 14D DE
BThH5, Tl ANTEB~N—DHNTIE, 10~15
kg & VT B0 Fb & bESEARD TR I ¢
< BIKER20%8TH D, ZNL LOBICHREFESTONS
BV, WER OE/KET, FE IENHDEERDF
P4 13.1 & 5.0kg TIRICR L FABS R B I
SVERHF THEESITONTO BT EMNIDMBR S,
W=~ FIC K BIRER BB, RIER 2D 185 -

- P 603kgDM/m® 1OC, 94 b ~— Fic L B3
BELHEL T, 20~30kg DM/ m*EVMETH - 720

BR 24 b= F Ik ANEROWERBREG
5. BEES 1, 2) d. ~— 7 OHE biHEREKE
HAOBL15%L. BIELHHEOHDTH - 1.

WREIC L AR BN EEORELTREE LT, #l
CURFE TR HI0 B SO AL, A7KER 16% DED D
L h@Eh >t RIBCET 0. /NEROBISH 3 IER
A TZEIREE 16% DR OREIEZEIL . 56kW(T5PS) D

b5 s ARER L CREIIThN L, EREL 506 @A
B 4060ke . A 1 E4 72 D O ER 8 0kg, B HH
B3 54~12.1 kg ThH - 1o, EHRE RHNI B 68 kgD
Mm* T, HEEELHO D, BT g7 b oRR»
BRic, TNDEENDEE 0D TEbTEh- 12,

24 b R=F I K B/NEROMEAR B EEONES
BUZSIDILNHS, —I5 T0 kg DM/ m® BB TRV A EEZ
5N B, 5k bIE B ZED TR T 2 LBHA D,
N—=ZAR=FLRE—NFYY =35 (HEEDOAX
SERE 60cm, B 120 cm 1Tk B/NETRHHGL R
DEBEERZNEFN3240keDM/m® &, 24 b RN—3F Tk
56DLD, HIEDENMETH -7,

By 759 YRR St L B/NFEROME T, ¥E
REIRLD, MEBOKREE (HEEXEX) KL EE
Wd b, —RIKRIOKEZESHREVEEIRZL, HaR
HOEEEEL LEATREE LD 2, 1S OOHEE
50~T70kg DMDKFE T 13 50~60keg DM/, F7=. 215ke
DMORE <1 81kg DM m® 2 3V g o2, 554, €
DERETHY . [H UBIR T b R F R Ofhp
EDIEDIE LD LRBNRETH B, EvsFuy N
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—JICBA LT, BOETHE  OBBEIHREN T 5,

ZNTHICHREEE ., EOoRES b RE-TED.
HWaRHUEEL RS 5260 Bhbhb, BE Bis
EIC X AWEARBNIEEORERFIMEZL, »ED L0
HETHATERLOIKBELENEENS,

4 MR—=F TR 5 AREROWMEBRENT FEL, 93 ~
103 kg DM/m® 2VL/NE180 2 U el LT Av75 D 5L
I > T B, THUL. HEROMEIEKRE] .
FRASUIL b CIE L B IR D & 2 2 b

WIHhIC LT HRERBDIE Do tee W—XR— 35T
L5553 22keDM/ m® T, /NEFR L D 10kg DM/ m® &
'fﬁﬁ") 1o

KT 94 b= Stk ARE (BB TOEBDZE
BOLD) TH. ~N— 5 OTPEICIED B - 72 EEZ D
. WERBTEERS0~132kgDM/m* L AXXLEH
L7co 50 kg DM/m® GIHL D IRVBFIC b 7 4 YA $4,
HESBHNTUED T EDBDH 70, T 95 kg DM/ m?
T, TOFHRO bOEEaEshsih -,

DAk, BERRR O EBAYSHE RS EE IV THRET
LT&E7, ZOHFMICOWTIHE, HREICERT 2 BED
BUC KD RETEHSHHOREETACEEE LYV, L
L., WEBDILBHE D 24 bR~ F Tk 2 EISRE
DOREEEICOVTAHLE, —RICTED S DEAICD
WTRE AT 5 107~128kg/m* ¥ 10 X i,
LA, BithboDEE LTRINT 5 64~84ke
st 3O I NME TR ISV E Bbh s,

3.3 HOMTATRLD RENSEE

TRENERIC & B 50D T Rl T AMEREIRILAR] 4 1T

4 A ~OHIBMERTAEE

* C OFPADMER, 15 LA EEAIHBIRED L 150
ety s BRI S LTRSS TOAEE b5 5.0

B5 Ay B N ORTAERE
A =7y T L BT b O - K& ABD

Fio. wA -y 2T K BMEHRE, REALT, &
w - SHEE YN OFETASERIRIAR] 5 1KR LTz,
TR EEREICH LD bDTH S,

b o, £8, KGRITOWT, FEUIWE & BED
HEORR %R 6~ 101C7R U BIE B AV 15 0S8
F231820 00T, BEE TR 1L IR L,
INOSDORNTR Lic ki, REBUEEZMEEKRIT
BAfR7E <L E—MICHEHETRYT RIBH) D
RIER., BROODLPND LA TH D, TOWFETITM

130 T
o190 Fiid 5 %o BHFTA ||
\E ‘i\\ © WEAHFTA
=110 Sy ° IWBFTA N
Q 1= Rrze
= 100 \\ e EAETA ||
Ei AN b mmey raias)
90 | o ey (wzias) [
dea Atk .
80 &3 ik
70 0 beprip || @ [8)
N§ ) o | 31)
L 60 N e a [18) |-
& 50 — %{ A |26)27)
€ 40 el s
A s ‘\\
= 30 +2
20 % T
[ %‘
10 ©
0
345 10 20 304050 100 200

EHUE L mm
&k FEERIK S ~K 10 icitE

6 TGS O ORBNIEEE
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WL 7B, B Eoa v EDY 4 L — VIR
Hico T, FE—MECTEKROLR BIEHIIT. &Y
soEEozERE AL 010 L s mEss
BRBIC OV T DT NAER L,

100 —
" Ny =
590 O XA
A 80 ol £ H
. Rasy ®
270 -

60 d ; ~5
3 50
FD RN NTEE
i 40, Q\

o 30 =2
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I 20
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R7  HWNERORS BE
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& 90
S 80
9 70 \\0
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g g
« 00 S
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SEHUME L mm
B9 #Hlr 2 RAERORHIRE
16 -
0T X dm
150 3
:st N
; 140
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xU
J{g:%( 90 5
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B o7 me ° :
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60
(2]
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SR L mm
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E 140 —
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3.3.1 EEUIMR & RENOER
BRTAEB O T, EEYNERE & REN 5E OB %
B Fellomicshcns 00 ko, pmum
EA VR ERBUmEEE Bt 2 LT, Chb
DORIRIIAWEE /7 7 FCRERERD, ROEBRT
TRE NI,

pa=a+blogL (2)
TTT, P, RENIERE (kgDM,/ m®)
L U E (mm)
a. b HEME. KRTAKICL DR
$ 5 ER

FRTCARRE LTHAERRA LIIEADOBIM L RERT
AT, R2)DEE 2, b RUMHEARE 7 icoW\WT
RWIzE T AL T RNED L DBEFEFRTADRHDA— 0 88
T ZOMIE—0.98 Ll L& T D MIEMIRK(2) TEV
BT U 7z K6~ 10 icRg RfRIE, Sle &
FIETABOROIC L ARIFERERLICEDTS %,

z T, K2V LA 5~40mm FEED H B O EEpH
IERLEBARbDTH ofc, CORd, K(2)iLk>T
IDIEVWLTS p , 2#HELEB AL EDI M, FibOD
BETHRET L,

L3 20~ 17T0mmpBi# OFFH T, REIEICE - foh
ERERES (5T AR RAR10m) Vs -
P (T ABREAER0.02mY) V1 & ORIEIESS B,
IhHDRIEEE., RN L BRI TATORYRFHER
AL THRR TR LI (M6BIR) bOLHIKT 5L,
RDX S IEEHREADED bl

D BHICEB 0 4 B, LA 1T0mme BV EE, AdE
B174kgDM/m® £V bEBHNES > F2h5, 1Tmm &
HOE . ERROo L, FiiX o520,

2) hEBESABBICL S0 5. LHs160mmDHE,
220kgDM/m® THHRE 18.2 kg DM/ /m® & D 139 90E ¢
o TWedS, LRI BRI Lichi- T, EEDIT-
TARBF T ALK B o 4 IR BEITH - 1o,

3 —EOREMER. VFNbR(2NT X D EREYR T
&, FERAEL ¥ 13— 0.97~0.99 L& 1o,

PEDZ &pd, LA160~1T0mmEBWVIEAE. &
DN S VI DICEB ML L OB BEZI T, A
BIESREVEHOLDL DR TAIKKE>THE LD
Thb, LHL, R2)COThSEREFTESC &I,
FEELDORDIEERAT, L=1T0mmiTEETD 0 4
ZHOHELELbDEELOLND,

154, LS 20 mmATOBaT. thomses D202

KDoWTAHBE, FHAETABOERHD L. Ficid s
DWWz, TOFEREIT. BTABTROTELOTN /NS
Motc (BRO0.0Im* LIF) CEHFERE bEZ SN b,
—h. EHEODPEBROKRE SE2ELTUT-» LAETHE.
INHDMEER, TRTEMEBERTAILLD 0 4 D
FRICdH - 72,

i, SEHEUIES RE I EEICE DL S IKEET 5
DI DVT, K285 L TRHBIEEOE LR 4]
NIFERZR 12 1R U T,

SEHUME L mm
0 20 40 60 80 100120140160180 20
02} — T
/

—04
: —06 [
N 08T
E dpa 1 g1 44
P -0 4T =130 CRmr)
sy doa 53 L Copmpmat
QU -
=T —14

16 [

~-18F

_20_

H12 BEHEIEEOB(LE (Fbo0Ea)

LORMPHNWA BT &G, REIEEOE(RIZ, L
75160~ 80 mmATHH E TR ENIFIEKRE (0D, 30
mmPAPICIE S &, BEICREL AT EMH B, TD
CEEAZIE, LAY160 mmicxt LT, CO¥SD0mm
DI DREHFEEHMENS XD, 30mmicst LT 156 mm
DFg DT, FBMICKE BAHTEERL TN 5, FHic,
FHUBEL2BYZL0HCE0E, 30mmbl T oL
THEVLILTHT L0, BFITHBEEZL LN D,

3.3.2  MEOREHEMN L EY ORI EE

TR KEBORRIR EIKETAT B E, MEE
k- T FRBRERS N, REtomEEEms230° 9
Lichsi->T, MBROERTEMD T EPEETH 5, £
1-RHUEER. REATAEBERTAIL BHEATE
fE LT, RCARBRIEUEERE BT &I 5, #
BB ERFHENIE, 378 bbEEO RIS E 245
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BLELBEETH 5. )

LT R L. Carr OFEE LTHEAINTOS
UTOHAEEH LT, EfEk. B¥oRBIEEITON
THE L7

4. A TARORBOBEL e ,- 1 . BRERET
ABFDRENIBRE R 0 5 - o 90U, EHENHEC Q.

Pa-2"Pa-1
C=rmm—— (3)
Pa-2

TRENB, i, WHEORHOEE 0a @

pa:(Pa—Z‘pa-l)C+Pa~1 (4)
2S5 C EMRBEN TV B,

b o, 2] (3FH) . KgRicouvT, K2tk
BENERD O EHYMRL & C. KU 02 OBFEER
O FERAEZX 13 1R L

0.8 RER

0.7 Fib 5

0.6 /
s / —
i@

03— AR [

Al
=
Rt
py
I

~~\ INER

~ 6 %7%}? T
30 Zyﬂ;iﬁ

345 10 20 304050 100 200
SR L omm

BEORBIEE P2 ke -
7

13 gk AT RETEE
CRLAEL BB RENE L BMERERL, LbsH
CRTR. flibo, KEBROAPERID bRE o7,
C 3R LER L T BERDLD, fibd, K&

RLDBREVBDEEZ SN, HERILETH 70,
L=20mmOD, fth 5. KERE it C=0.5280%. &
BTC=0.45Th-toE fo. TOTEEFEDL, ATE
D5 HSFEFRIC & BIRRL FRAA SV L 2R LTS
bOEEDLN B,

0al3 2ERER, 6 XAER=/NER. WbboAT
BoOHCKE B >0 TNAEL=20mmDEETH 3 &,
ZNEIVRLL 40, 50, 70. 100kgDM.m® & 75 1 B
D5 ] &LT, RBOBELBICIOES ¢ &icid
DD B LD TH o

WiT, TTTRDI 00 &y VAN AISTT AEICE
STRDIZp 5 & OBIRICONTHRET B &L F4ER
L. IRBFECA LIEOEICIZIZZE L Vs, ROEVE
RIS i Wb bito0WTAHBE, K6iIRL
KA, HERITH > - TRZ DA E BAEBRDK v off
EMA/E Y (NEREI. 168 m®) D, WXIALFETABR
Of, T1kgDM/m® (L=18mm)icxt LT, Pa 13 72
kgDM/m® Tk —F Uiz, COLDIRTEMER 13 1R
F0a1E, COBEOAESOERICREABIETA LI
ROEE LT, HRTE30TIROAERbN S,

4 BEBE

HUA DA BRI CORRERE FLENI B & L ThR
SNTV B b0EEELTE6ICR LD s m
FEBORES b & ITERT 2005, 35 PIERTH
BT EREFREG, UL, BRI, s
NI TARE 20 5 BB BHADE D LD L Bbh 3,
DT EPOVAIE, ROIURT—EDMEICIE, K&T
BE B0, WENEEATAHIEEE S EC A TH
Bo CTTH. CNETORREEE D EE D, FHE. &
FERPRHARE CORSIERY TS BN B OIS IEIC 5\ T,
FTICRL I, CORICFTERE. BHMEEAORR

%6 HEREOD DO RHIEE

(a) V37 (p) %9

" e R#uEE | REBOEE

ERELRE kg /m? kg /m?®

WaEENbD | 59~ 64 32~ 48

. EERE | 107 ~ 128 64 ~ 80
WSO 5 e | 160 ~ 214 -

mow b 5| 64~ 80 92 ~ 128
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R7 HEBORBUEE

b 5 o fE 4 R 0EE
% # Mok o R lg DM,/ m’
1. #% ® 3
/N M m b 5 QLT
A = v 60 LT
INER - KR #1E - KER” 47 DITF (3 34)
2. BB WA
I e T D ) 82
" NooE2 R 70
" N 9 =1 9%
L R N i b 5 60
" N &= " 32
By 759 FR—35 (N NooE B 55
” VN " 81
3. W : atl i =
YR 20mm 2 %6 KER 28 40 53
" 6 X KRER 36 51 68
" hEOR 37 51 67
" M b 5 4570 94
" X ¥ B 61 98 131

E el B BREIRENEM, |

LD, BEAET 254855 LEbLNS, i, #l

RO RO EEICOVTIE, N~ 520 b0 HEE.

BRE EEBERTHHLEMD, BAIKEL - TRAS
HWEHEDTS, LhL, —IGEBEOFETESNIES
LR LT,

BERIO—B OFIER . SHOHRIcE LT
HHE0, TOX DGR L i, MElo~ v kY
VU ERPERISAIB A DD LI 5, 2D, W
HEE LTORMI BRI, MRONE, S .
AL &, EBRORIE, (FRE LGRS ABR (R,
BN, UMEORENE L) 22 ATV S, F7z,
RHOEELAET 52 itk b, RETHAR. =0
SR RCARREDHETE 2, Coicd, REIE
BED & 0 ERESIEE & REN BEOESHIHEED 5
ETH. SRE AT 2REND LEDLEDNG,

b i E

BREAORERICH - Tld, BIBICEEL TV 218
BOLNOZIEL., ERL, IFRL. Soicitnds
NY RYVIVEERBEETH b, LEEIC, NV FY Y
TEETR, HHOMOBOBEITIEELL L ATH
D, TOROYMEEE LTORBIEE L, LDIFREIC
EEL. ThoA2FIETACLBERELLS, 2DLS
BT EDD, Mbb, £8 (3B | KEBK Lo

\ RERTAERT,

i
Fk

VT, IR, WA, AT 3 TEEED RN A I 2
Litic, B ORIEEFAHAE L, &bETHRET L7,
FIERIIROEBY TH 5,

(1) RBDEFHEL., ThEEBRE LD TVRAL
ICHERE U 7O RO B . B, KRR L b i3fib
SOLEDEL . NEFED 5 THEE 99 kg DM/m?, KET
B 60 kg DM/m® T » e, . KGR TIIE 3k
DM/ m3 TH - t2o

(2) B LAHBORMIEER., A Li~-50
W, ML D RELSEDb o7 £4 b =5 TOH
AR, FREERAMEECBONEBbh2
TGRS R OBIIEE., T 5 T8 2 kg DM m?., /)
FIRTT0kg DM/ /m®, KEHRT BkgDM/m® TH -7,V
—AN=F ik HE RE EEOBIRER, /NER T
2kgDM/m’, KEBRT2kgDM m* TH -720 L L.
BRI EE IO, AIEBEFISRETH -7,
(3) HEWTHE EBBICATALBORBUEE 0 ,
B, MHOEEUIMEALE L1B4. log L DRk
73 7 L THESADERTRENI, LHT170~5 mm
OHETHE, LAKEWEE e , 3L, o , O bR
MHoHBHE, LA30mmPl Fici & & L1c.c D &
£D. LHS30mmPAFIeiE 5 &5 ICHiNrs 5 T &hs,p,
@) 5 ETEHAENE Bbhis,

(4) ARWTHRIOBRAE & RERTAD RGBS Ok
DIGEEORBIEER. LARELEEIE 2 &R,
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6 RER=/NER. fibo. KEERDIFICKZ -
720 T LT L=20mmDE T, TN CHHE 40, 50
70. 100kg DM/ m® Th - 720

Y

9]

2)

3
4

5)

6)

7

8)

9

100

1D

12)

13)

14)

15)

16)

BB rERAER | N1 A~ R BROEE « Bk
UORIRIcBET 23RE, &7 68, (BE555), P22—
24

ZHFE - ABPER M A= R (D), FELHiRE 8
—(1981.5), P263~265

ElEEECH., EEC(1981.5), P147
BRTERERS | KIAGEOMEHMLE RO FFI
A oW TORBRPZE AR, BT (BB 583), P28
MER= - WHEK - TR BAHA ERU LA B

IBAT BT, BTN AESER. B (I 58.3),

P30-31

AAFE—HR - JKIERE T, fth 2 ZAR A EEER & IDA.
L& (FF37.12), P212

B HAMEOREED A4 EEOSEL.
HREWM. (1968), P 127138

WH OFEN el B BEC B A HEANHE

DOEWHI I FIIC B A HI%B). BHES 304, (1967),

P 257-263

BEEAE  SETRERN Y F Ty o, 4R 205
#(H47.2), P983—-985

BlLL : FRREBEEH Y K Ty
3). P57, 731

MER= - EAER | SEERO R EE. BHEDTHE
b 3EEEEMENS—1-7, (HH542), P125—
126

B | B, BRERSEER(). BMES
(FE529), P243

BT | SRHEm A BT 2B (RER) TE
MR UBRBRBITITA T REE RN S | . (IF43.
2). P64—65

BIhiis 7 o « AHINERRERRS | BHBRiG
o AR EHEEATR 1R, EERdGTe s —
(#349.3). P323-325

BAMRIE TEGER - BRI F 7o 20 1R,
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SUMMARY

Apparent Densities of Straws

Kenzou SUSAWA and Sadao SASAYA

When utilizing straws,

handling works such as gathering straws in the field,

transporting, storing and feeding them are indispensable.

It is necessary for material handling to know characteristics of the

accurately.

material

Therefore, an apparent density of material was choosen as a representa-

tive of characteristics and apparent densities of rice, wheat and barley straws and

soybean stalk etc.,
chopped).

The following results were obtained.

were measured under three different conditions (bundled, baled,

In addition, data in Japan and other countries were investigated.

(1

(2)

(3)

(4)

Apparent density of bundled long rice straw was higher than wheat and
barley straws when they were stacked neatly. The maximum values were 99kg

(Dry Matter)/m® for small bundled rice straw and 60kg(DM)/m® for large
bundle.
Apparent density of baled material was different with the type of baler.
Approximate apparent densities of tight bales were 82kg(DM)/m® for rice
straw and 70kg(DM)/m® for wheat straw and 95kg(DM)/m® for soybean stalk.
Approximate apparent densities of loose bales were 32kg(DM)/m® for wheat

straw and 22kg(DM)/m® for barley straw.

Apparent density(pa) of chopped material filled in a container had a
linear relationship with a logarithmic value of mean cut length(L). pg in-
creased with a decrease of L in the range of 5 - 170 mm.

The gradient of pa to log L increased rapidly with less than 30mm mean
cut length.

In order to increase pa effectively, it seemed to be necessary to make L
less than 30 mm.

The order of apparent densities of chopped materials under the conditions
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BEBRAMERBESE 225 (1987)

of loose and dense filling was two-rowed barley straw < six-rowed barley
straw = wheat straw < rice straw < soybean stalk and their values were 40kg

(DM) /m®, 50kg(DM) /m?, 70kg (DM) /m® and 100kg (DM) /m® respectively at L=20mm.

Tech. Rep. Inst. of Agric. Mach.22:55~68(1987)
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