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Studies on the Mechanization of Domestic Roughage Production and Utilization using an
Automatic Silage Loading and Unloading Device for Bunker Silos : Yukio Yaji *

Abstract: This thesis describes the procedures to culture, ensile and utilize domestic roughage using
a combined seeder and a silage loading and unloading device. A combined seeder was developed for
dent corn-barley cropping systems, which comprised a forage harvester, a rotary tiller, a fertilizer
and a seeder. The working efficiency of the seeder was 12 a/h whenthe working speed was 0.76
m/s. This efficiency indicated a labor saving of 30% compared with the conventional methods car-
ried out by separate machines. A prototype loading and unloading device for a small test bunker
silo was developed. Both the traveling device running on rails installed on the walls of the bunker
silo and the working device suspended from the traveling device performed well. The sensing parts,
limit switches, rotary encoder, motor inverters control program that controlled the loading and
unloading device were cordinated by a micro computer. In the case of automatic working, the
loading efficiency was 645 kg/h and the unloading efficiency was 453 kg/h.

Key Words : domestic roughage, sorghum, dent corn, barley, rye, combined seeder, bunker silo,
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Fig. 1 Prototype seeder combined with rotary-

tiller and forage harvester
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000 FELADUHE - fle - S R
Photo 1 Prototype seeder combined with rotary-
tiller and forage harvester

00 FkEEROEZFHT

Table 1 Dimensions of prototype seeder

H B -
2 EBm 62 ({UE#R42, #OAMIEEESR 2.0
2 Bm 22 GO AMIEREEL 1.5)
2 Hkg 1,506 (IHEIB 1,276, #S AIEEELR 230)
1 R BRI BT 4 L —TN—RRY
1&MO0—s 0y 774 v FFE (NH-718)
O AR O—41  fE¥18 0.75m
BBALL Y EHT—UNTITr
(WA 12kW)
AR ER O—- ALK 458 DCE—YEH
BER hARo—-LRAREE 44M DCET—-FRE

WTFA AT F—TF, BEO—S &
H: S IYORMBBNGERTZE 74 L —ION—RNAFITLD

DFENWIZE Y EEEHE 1/31CHE LT — %Y % 5KE)
L7zo MEAEERIEIE T — v X REIERE, $EHE R I o —
VAR AMEHAL, theh 52750 12V Eik
"I L5 DCE—% (0% DM8OPF12V80W)
EREY & L7zo BB OEER L, RAIEM DAY B
RWRYD > THHERKA TR R T TV T 4 AT
F—7F (EFE30cm) & L7, 52, b=
VELOWEE T —F (HE34m) AL T,
RSN B A BT L CRFEN Vb OREL2 -
7oo F 7z, FIREEREAHLH ThER 3 2124 XL —
& 5N X0 Biks - BEIE - SRR o> AR & T RE &
T 572012, MiHEE (TA5 4% 35 %54
FEH2) EWMEYY 5 (TH A ba—2 150
m, EH) %5 LT T 2 & AERIHE D S
ERE) L7z,

SHESR & Bk - WAE - $RAEES & oI, 7 4 L —
TUN—RA Y HERO MG L FEEL - I - RO
W RO V2N L TIFoTze 2D72

000 i
Photo 2 Assistant wheel
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PHEZ - TRTIT). bT 27 %13 4 WEREIH (F 4k
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HichwEoay (5 XL61) ZIUEL %255
T4 % (Wl HF-F) 2HMELZ. &b, T
JBEEBER7 1 Th L, MBI, TEERESE, 1EE
FEEE (R, KL - M E) | BENETH 5,
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6) I35k Al SR
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00 fEskthneilBaiit (1989 4)

Table 2 Performance test of prototype seeder

(1989)

fE | #HE (em) 8.9
¥ | MR8 (bR 304) (kg/102) 96.1
| BEER (51% %)) kgl 13.2
E | BEERAR GOARRSGHHRT YY) Ln1oa) 1.1

TR E (m/s) 0.51
1€ | 1EZERFH (min/102) 67.4
ES AR it I 458 e A T 43.7
3 TE [ 14.6
7 Al - FE T ARG R 9.1

BBIEERNE (%) 64.8

BB EEE G/h) 9.0

({3 @453 35a © 100m X 35m)

00 fEEMREREAS R (1990 4F)
Table 3 Performance test of improved prototype
seeder (1990)

& BHE (em) 8.6
¥ REE (kK304 (ke/10a) 67.2
¥ BEER (51F [F-8)D ke/l0d) 8.6
B BEERE G5 AMBEZ> ) L/10a) 0.9
PEZ®EE (n/s) 0.76
B B (nin/10a) 49.3
(R R 4% P 1 g R 29.3
e e[S 14.7
ko ok S e R 5.3
51 20 % (%) 59.5
351 2 & (a/h) 12.2

(i 3302 : 100mX 30m)

4E) 33 (1990 4F) 2, MEERINATE 3, 412%
nEhR L7z

1989 4 D FRER T, WUHEHR, Fiksib, b IR o
FABENVE IR C, VE3ERE 051 m/s TIEERESIL
#9 a/h Lol VEEROPEIZ8ImT, Y
TOIYOA ) HPBRIITIFRE SN, 1 F0HK
ISR % dp o 720 VESELORERE LTI, #F
EHu— %) OB L ¥ VOIS, 78
SEHEE 051 m/s PLEOEBIEENTE Lol i
BhHIFoNTz. &b, KO T 4 EOBLHIEE
AT LB &, D BIFCPHERZ 1430 A/m’
RREPRL7: (BHES5),

1989 4F D Bk TIEBHAZ E O /33 £ 0.5 m /s
ASHIBREER & 7 0, YR ASEFAT 5 BRI
TEEDVERETREE 07 m/s R TE Dotz 22
T, 1990 411, TESERERM L7212, Fiks o —
Z) OO Z T LT, TEEIEZE 90 cm > &
VRO 75 m D7z T ORR, VEERE
12076 m/s LR 15 OB FLENE Z LD TE,
PESERER D 12a/h L #9 36 %l E L 72,

000 YU - R - SBERAREEROEERE (20 1)
Photo 3 Harvesting and seeding work by proto-
type seeder

000 YU - filt - SRR MEERR (20 2)
Photo 4 Harvesting and seeding work by proto-
type seeder

00g I4ZOBEROLEFIRR
Photo 5 Growth of rye seeded by prototype seed-
er before winter

7) TARESRRR 2 A L 22— A RRICE B

H #HLEEHE REPE O 18] 1
AR L7 R VESERR 2 0 L 72— 42 AR R IS
V% SEHEY O EREVER EIZOWTIE, B2 ITRL
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Fig. 2 Varieties, seeding and harvesting date of each cropping systems (Morioka, Iwate)
crop (variety), seeding date, seeding & harvesting date, harvesting date
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Fig. 3 Dry matter yields of the culture systems
(average of 3 years)
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Fig. 4 Possibility to shorten prototype seeder

00 fEBIVESEIC X BEERESR (RED) & RIREESE
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Table 4 Work efficiency comparison between pro-
totype seeder and individual works

e fERE (TEZ%H4) PEZKEZE (min/10a) (%)
BEREHNE T+l —IN—X2¥ (148 44

(TE3FE © 0.76m/s.

EBEEE : 67%)

;oA O—%1U (fE#E : 2.4m 17.5
FE¥EE @ 0.5m/s
B35 FE 2D © 80%)
#® #H TL—2RU)L (fEEIE 2.4m 12.6
1350, VEEHEE @ 0.7m/s
BB IE RN | 80%)
& & 74.1 (100)
IR 49.3 (66.5)

F 72, MiPEHRAE S O R & FE T 0ok v ik, AR
45 LEEE A%, R, M1 ofiitnss <
R OEEMREZET SR TVWALDOT, Atz 2 5
BERE LT 5L, BMHIFRIGR 2V S U CHESER)
FEEREO-BOMENTREEEZ BND, &
51, FHETBOIKEN X2 BAOHB = >~ ¥ v BRE)
FHADS N T 7 5 OFRINT Bl 2 R L 72T
E—-SERB) &35 &, MEEERORR{LITHE L
RHBEEZOND, LL, ZOHE, ERIEWIL
RIS 27 7O PTO N E LTE L 0Bli%
BEELTEY, »ONEBNOEHIKE VDT,
NI MR BPLEE b, S5, VT2
5 OHVERIMIE E L, T RE R T I HIRAS D B
O THH OMERVBUETH 5,

A ERESER L, RRVEWIHENESE 24T 9 & [k
WCEBOREIHREEE XS T35 2 L& BN
L7zo 2T, BEREWIHEESE, Sl Z8o
MR 2 AEE L L CTHT » 25 A ok
KRR LT, MEEERIC X 28R L D E1T-
T, ZOENNREBET %0

F AR L2 X910, MBIESE Tl B R SERE

8101 %5 (2003)
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&, T L=IUN=RZF, u—5, LK
SHHDOIMEHER AT B2 % 720 DR RO
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00 fEEY 23 Lo 2 DS L fEEfoin & ek
Table 5 Dimensions and working efficiencies of machines for simulation

Bz 3 E e EERR /h) ERER (%) FETEEKAREERE (mm)
WP B An RZa7ATV o 2t 65 60 20
BIREAR FALYT 3m 66 75 20
o n o—%4y 2.4m 46 75 15
EXEM g % 5| 4% n 75 20
B A T4 L= N—RAY SUCHRIL G 12,18,24 65 15
L H RS RYN—¥ 2.6m (17 %) 50 65 20
ER FRVERIRE 1 A 1% (75¢m) 12,24 65 15

FIFFR DM AR 1220 1 TERE, TOfdARE

eV DA ) LY - il %2 47 5 T, PR TRAIED
FREOYIW - HE EBHIROPALZITH & &I,
M AEIERE TR 2% L ORI - A - SUE 21T\,
FTRTOMEEE - THRTET L.

WFRBEERI NS 2 7 OAMICEET 5720
W MEEEA R D L B ), A OERE ORI
M a BEEE L7z,

(5)%FROBEREIZ BAFT, + v E T I Y DOIHEIEE
T4 OB EE L B INERIC T b, 94%
OMPAET D RIFTH - 720 TEEMRRI, MEEHE
0.76 m/s TYEEERER 12a/h & & ), AV IHENE
3 & O M NEHERE 1S 2 B0 AT ) BB & I L
T 30 %L EOBIERK STz,

(6)M e R 1L, SR OMM L, Bk, B - M
TRy XOREGIC X 2 8B o U & kR
M EDTREE & 2 bz,

(DA EEREZFIH L7z by 'O a Yy - kK%, v
WAL =T ZO—H /KRR T, PilsE
2.7t/10a LLEZ BT, 4 L—VUMEE LTOME
M ELWEEE 2D Z RSN E R o T,

00000000000000000000000

1) B

ALEBISE L, 35 F SR BR & AT - 72 M IV SE R
PREIC DWW, Bz, HEE, &6, IR % Zhz
NOVEZERZ H W TAT ) BBIERE 2 i e LT,
SR T— T IO CIAEERRILY 2L —Ya v
(FKiES 2001) 24TV MEE LD XY v b EFMIT %,

2) B

LY I 2L —%1F, £65 (20000 AMERK
L72BIEEY I 2L =5 Thb, ANEEI, HY
(ZBEE U C SR, RO, Yo s HUE, Feh
BB B L TR 4 & F OFESERESR, MEERER,
FAEREHR, VEEICHME L T2 OEEoRokE ERE
TR H, EERTHTH S, 5B, Y32l —
YarvEE LT, MBS EEMKRT 209 P,

TSI L LCRIH OBKRDIHEET 5L
A, VSR OB HIESE OB IR %2 Lol 5
BWREBSHD, AV Ial—arTid, Mgy
BRI/ S, JTHORKN S BT 5, BRIEEIIHIE
HEOMPHIFE % BBl S 22w & Lz,

YIalb—¥ g O L FIREERR Mo fE
ERE OB, REE, HIBREMEE 512, KIEHMARD
PEET AR & R O H 3B 2 1R L7es F 72,
YIa b= a YICBAERMEY O TR,
—AETRER TREREY & EHE A DY R
DAEFE % 10t/10a GFZWIER) 25t/10a) |, 3l
ERWETON A L—ViSme 1 Y720 20 kg
/d ERRELT, 50 HREEOHENHEL %25 5 ha
(1 ha x 5#0) %ML L7,

BRI OBRENESEICHE L, IR K& HIR
LB OB 2 S HENHATVESE B X VRO VESE %
Mz, Prizido — &) PHRrEsE, B2 %
RBHWE L CIEMRRE Z2 155 12 W5 [
XML Lz, MEEMIMIEZEh 2 HET
ARt 8 HIM & L7ze 4B, BRIV RERE K &
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BRIEMPHEEEL, 4 L—YoiEnEE R
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KHOREHMZ, 17 MO FY VY — 5 2
L, #HEE T — %) T o 720 BHEE1ESE & IR HIEEE
3% 2 HIE, A5t 4 HREOEER & L7z,

FIRFVESERE (&, RARMEMIENESE 5 H, ZH Dl
JEARAEMESE 4 HOARHY HE 2 MM L LT, %
WOy alEg H 13 5 N 7-MEEREE 12a/h 2L L
7oo F72, FMREERORKE RRREIZ7 + L—
N—=XRZ% E[EL 15m/d & L7

FyERIY - FAEZERTIE, PUETI VO
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Table 6 Simulation result of dentcorn-rye cropping system

(B FERHiffha, FBE:

AEER TRIE)
MRSy — &

FOEDOY ToEny T1E oty ST% VETED) S1E
HEREAE BREA #OA RIERE| NS #HOoA RERE NEI #HOoA RESRE BT #O5A S| EREELE
(65a/m)”  (66a/h)  (46a/h)  (71ah) | (12a/h)  (46a/h)  (S0a/h)  (18ah) (46ah)  (50ah)  (24a/h) (46a/h)  (50a/h) (12a/h)
(5/15-16)" (5/17-18) (5/19-20) (5/21-22) | (9/26-30) (10/1-2) (10/3-4) _ (9/26-30) (10/1-2) (10/3-4) (9/26-30) (10/1-2) (10/3-4) | (9/26-10/4)
1985 5.0 5.0 5.0 5.0 125] 25 25 28] 38 38 5.0 5.0 50 5.0
oy o
1986 3.1 3.1 3.1 3.1 31 3.1 3.1 3.1 3.1 31 3.1 3.1 3.1
(5117 (521 929 (9/28) (9/30)
1987 5.0 5.0 5.0 5.0 (1.9) (1.9 ) 29 29 3.8 3.8 [44]
10/1 10/3
1988 5.0 50 50 5.0 25 2.5 3.8 38 5.0 5.0 5.0 50
o/ (10/3)
1989 5.0 5.0 5.0 5.0 32 32 48 48 5(.0 \ 5.0 5.0 5(.0 ,
9/29 10/3
1990 5.0 5.0 5.0 50 32 32 48 48 5.0 5.0 50 50
9/29) (10/3)
1991 5.0 5.0 50 5.0 32 32 48 48 5(‘0 \ 50 5.0 5.0
9729 (10.3)
1992 31 3.1 31 19 1.9 29 29 3.1 3.1 3.1 3.1
517 (5/21) o/ (10/3) (10/2)
1993 5.0 5.0 5.0 5.0 32 3.2 458 48 5(‘0 \ 5.0 5.0 5.0
9729 (10/3)
1994 3.1 3.1 31 1.9 1.9 2.8 3.1 28 3.1
517 521 (10/3) (9/29)
1995 5.0 50 50 5.0 3.2 3.2 48 48 5(.0 X 2.8 5.0
9/29
a) @ TEERER
b) : EETEHA ) )
BB, FERTHARTELORESKTLABRDOAERALTHEY, fANAVESITERITKRT L.
[EBERRIC & D EER THRRDEHEOShad 2 WISRTOELEREL O bELLEHD,
00 Ya3Ib—va ik (WAL -REKRR)
Table 7 Simulation result of sorghum-barley cropping system
(Hfr : FERMfRha, TEY : EERKTHIR)
VA L Ik X I & KE Dz RE I h— KE
HAREAT TKEA $OA FEEERE | B HoA HIBRRE RED #oA EERE WHD #HOA IS | FEi e
(65a/m)°  (66a/h)  (46a/h)  (71a/h) (12a/h)  (46a/h)  (S0a/h) (18a/h) (46a/h) (50am)  (24a/h)  (46a/h)  {(50a/h) (12a/h)
(6/13-14)”  (6/15-16) (6/17-18) (6/19-20) | (9/23-27) (9/28-29) (9/30-10/1) (9/23-27) (9/28-29) (9/30-10/1) (9/23-27) (9/28-29) (9/30-10/1) | (9/23-10/1)
1985 5.0 5.0 5.0 5.0 [32] T[28] 28 La8]  [28] 2.8 5.0 28 2.8 5.0
9/26) (10/1) (10/D)
1986 50 5.0 o] (3.7] 32 32 32 37 37 37 3.7 3.7 3.7 3.7
(9/26) 9725} (9/28)
1987 50 5.0 5.0 13 13 1.9 19 2.5 25 37
(9728)  (9/30) (9/28) (9/30) 928 (9/30)
1988 5.0 5.0 5.0 5.0 2.5 25 38 38 50 5.0 5.0 5.0
928 (9/30)
1989 5.0 5.0 28 2.8 2.8 2.8 28 2.8 28 2.8 2.8 2.8 2.8
9/28) 925 (9/28) 925)  (9/28) (9/27)
1990 5.0 28 2.8 2.8 28 28 2.8 28 28 28 28 2.8
(9/19) (9728)  (1011) 925y (9/28) 9725)  (9128) 9727)
1991 5.0 5.0 5.0 5.0 32 32 4.8 48 5.0 5.0 5.0 5.0
(9/26) (10/1) (9/30)
1992 5.0 5.0 5.0 5.0 1.9 1.9 29 2.9 38 3.8 44
(9728 (9/30)
1993 31 31 3.1 3.1 3.1 3.1 31 3.1 3.1 3.1 31 3.1 3.1
(9/19) (9/26) (9/25) 927
1994 5.0 5.0 5.0 5.0 13 0 1.9 0 2.5 0 25
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Table 8 Working efficiencies of silage unloaders
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Fig. 5 Sketch of silage unloader (Beef type)
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Table 9 Dimensions of silage unloader

B E] ft B
¥ = Beef B (CK[E Butler #£)
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Fig. 6 Unfolded figure of scratching reel and
arrangement of scratching knives
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Fig. 7 Working scheme of the silage unloader
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Photo 8 Silage unloader (Tractor mounted type) Photo 11 Corn silage unloading work by silage
(Upper scratching reel position) unloader
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Table 10 Characteristics of grass and corn before ensiling
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Table 11 Characteristics of grass and corn silage
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Table 12 Performance of silage unloader
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unloader
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Photo 13 Grass silage face scratched by silage
unloader reel

oo 13

T/, L=V BIFAL L My PRI L=
N=RZAYTIHEL, A TEIEZITWRHRLZS
SAYA L=, a—rH 4 L—YDgE LR
WZAZ ) 2— 3 Y RYFBICEEE D 2354 LYEEATE
THolz.

(4)E%

BT A L=V 7 ru—F O B LERIZOW
T, PO R, B BEARS OEWE GO TEE
L7z SEHIIRRICOWTIE, YU v FRITIU#E L
7Y, MU ET Y21 m, BEAT 53 mm & G

00 14 WEMUNHZLZTIAFA L=
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Table 13 Work efficieucy of manual silage unloading

V-5 ERAR EOHMUKRHY ROMLE # = &
(s ) (A) (min) (whb(db)) (kg) (wb(db)) (kg/min)
P IR (WY 2 19.42 670(115.2)  34.5(5.9) $4V-5 H7
n () 2 6.83 450(243.5)  32.0(17.3) "
1-A44-7 (C) 2 933 840(78.1)  45.0(4.2) MOHLEET
RERIZRED

a) U1 L— U B EICHAADE TICE L ZMRE
)W: L=V BYA L7 by hR T+ L —IN—RRY

0015 ¥4 L—Y7ru—5 &g
Photo 15 Silage unloader and transportation
vehicle
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Photo 16 Silage loading and unloading device
prototype 1
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Table 14 Specifications of prototype 1
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Photo 17 Roof attached to test bunker silo

00 18 ®ifzXRHu—sL¥=*4"r
Photo 18 Front supporting roller and pinion gear
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Photo 19 Motor and reduction gear for back and
foward movement of moving device
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Photo 20 Motor and reduction gear for up and
down movement of working device
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Photo 21  Working device of prototype 1
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Photo 22 Knife welded to driving harrow limb
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L7zhoC, Btz VB L LT o% 450 T
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JETIE, 4 uBEBROM B OBIE % T5301247H) 2 &
BT RHRB K E P S0l EHETH D, £
CC T BET— T &M OBEFREE O —
&M AE DR SRR L,

BEBIEIE O — F1&, 745 W A4 0 BEN £ % BT
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DAL= VERTH L, &b, BELHKET -0
THEE, BT — T LRSS AT v 7 R TH
WCHEAICEY T &L L1, My LT ET Y 218
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Photo 23 Side compression roller
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Table 15 Materials of silage and ensiling results

HEHEER F=Fr—RKIIR  F-Fr—RITIR VAL

5 ki FyIRY FyIRY FS902
MEIE AR &, wh) 56.1 (F#z) 60.9 (F42) 76.1
Y)W £ (nm) 66. 2 45.3

HERREE (wh(db), ke/nm') 318(139.6) 334(130.6) 490(117.1)
ROHURSHEER kg wd) 1, 207 1,424 4,181
BRER ko BIA%) 1152095, 4 1,238(86.9) 3,813(91.2)
pH 4.8 4.9 4.2
00N = | 90.7.24 90.8.7 90.10.31
WOHLUA 90.9.3 90.9.3 90.12.17

VhY., BRERWERSAELY LD

@uLY HLIESE
By ML, AIELZF - Mo La—%
OEEE Y W LAEETFIHOMEZIT) & & I,
YA L—ToMB L, EEEEORY M LEETSH
DI ML a— % mEE e 0U) B URERZ MG L
2o PA L=V, REBHANY - S 0 THEL
AR (3R 15) MWz,
6) FERAN R
OEFTEE - AREIEEOMERE LG50 RAR M
EATHEE L, TR — T2 &k B HELH RO
LY = F VI X BB OKFEREIIET T b N
FEATEREE O € — & MO L D, EEHE
40 mm/s T TOREZR B TH o720 FBEEE
i, ARERBIHOE— 5 BEHOREICL Y, HE
40 m/s F CTOMEEEEOAEN TR TH > 72 HE
ST, Y —H A OBEHICHE L2V — VEDE
FH LNy s F IZ K BELT, FYE
Fr—YIZEBRBEIOWTE, KFRIBETH
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Photo 24 Unloading box and test bunker silo

oo 25

AE 1 BROFEO A RIESHE
Photo 25 Loading work by prototype 1
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Photo 26 Partition boards attached to bunker silo

HT LM LE (KHEDS 1991),
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Photo 27 Sorghum silage loaded by silage load-
ing and unloading device prototype 1
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FHA—Fx—F TS 2AF A L=V THBLIBIY
90.1%, Y VHLHA L=V TI2%% KL, pH i
ZNEN48, 49, 42 L EIZBIFTH 572 (K15,
BEH 27),

@ULY W LIESE

P4 L—VH) M UIEERICIE, 3B - D L
0= THA L=V 2FERLAEDVO N v MI%Z
F5. N7y MRG0 EMLAEILL
T, B EA SRR L amhi~BE L
HEREEAND DL P A VARV, L—V %
PR % (BH 28, 29),

WE-WMOMLe—2I12X 200 HLEERIZE
16 1R L72& 9IS, PHA—F ¥ —F7 T AHA
L — YT 20~ 46 kg/min (wb) , 8 ~ 17 kg/min
(db) , Y VHF LH AL L — I T 68~ 226 kg/min
(wb) , 23~ 77 kg/min (db) TdH-o7z. FREHEE
YD ARREH CERMETIE, YVFTLAY A L —
DAL EREREDE L, 7T ATA L—UHHD
HLIZ Wiz /R L7z (RiEDS 1992),

7) BE
PA L — TR - Y L RERE 1 T
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00 28 HAL—VEdAA - WY HLEERK
E15BICEBIYNVTLHAL—VD
Wy UAESE

Photo 28 Sorghum silage unloading work by
silage loading and unloading device
prototype 1

0030 # A4 L—VFdaAA - B LERR
E15RICKZ 7T AF A L—JHD
HLAESE

Photo 30 Grass silage unloading work by silage
loading and unloading device proto-
type 1

0029 #A4L—VEoRA - WY HLEER
E1BBICEDZYNVT AT AL —TVH
RS RPN ]

Photo 29 Sorghum silage unloading surface by
silage loading and unloading device
prototype 1

016 H A o#EBERME1SEICLZ9 ML -V
0 LERE
Table 16 Silage unloading efficiency by prototype 1

YA L — DR F—Fr—RITI2 VIVH L

WYL 0—% Mk 242 242 323 181 181
(rpm)

TREEE (nn/s) 40 20 20 20 40

PDOAHFES (mm) 100 50 100 50 150

B0 U BESE (wb (db) (kg/min) 45.6(23.1) 20.3(10.3) 29.1{14.8) 68(23.1) 226(76.6)

&, EATHEE IO WIS TR S IS 2 o
7275, L= Vi AT — VI BEN ko0
DREFEB/BELT, VIv FAL vy FZRVT S
CEDBLBEELEZ bNT EEEEIIOWTE, &
DAARFORTET —F LELD 1 LIEER O - B
DL — Z IHESEREEE Lo RED K- 72,

0031 #AL—UEoRA - B HLEER
E15RICED 7 I A A L—=TVHLD
L

Photo 31 Grass silage unloading surface by silage
loading and unloading device proto-
type 1

BT 247 9 720 OBEIRAEE = — 7 1%, YIMr
EAENY VA A TIINER G VEEFTRETH - 72
B, FHA—F x—=F 77 ATHE, UHEIELW
ReFFca—h TERIREIMBZTIETS S
ENdol. ThiFu—3F (EE 100 m, 1 150 m,
B it 15 kg) AREEOMENZD YAt 2 &K
EEZ LNz, SOz, AME 2 FHETIE, B
KL= 2 WYL TH A BRE0 1 RAou—3
L3nZLkEL7

YNVH LA L— YO W LEETIE, RO
UM RAHCREL LBBES TH S 720, ¥ - WL
DL — g Rk, R X ZH0) LR
ZALIRIZE A L%, TREEDE S 74 5 L REFEDS
Bl kol
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NV A —=H A B OFEAR - BUY H UAESE OB
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4L HTH 5,

(2% 4 a@EIL, EAONY B —F 4 0B LRI
MEL72T v 7 L= VRGBT 2 ETHE L BT
B SNl O %0 TEZEZEIE 13
RO LT = ENr Y b RSRY, MR
DARMEFE LI W UAEEOW T %,
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FoY ML= TREM LS A B AICH
L, R TRETHPEIC LR SBEERIT) . &Yl
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Tho7z,

(MY W LFESE, B - My Le—% T A
L—VRBEEICEREM LA ST v MIRARD
HEThH b, AR W LRERIE, VIV A LS A
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(5)1 BHEDY R Z ME L § 5 513, BITHE ISR
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5101 %5 (2003)

L=JIZH S TE % &9 1) LT Mo
REHRTEHIE, RETHo 7

0000000000000000000000
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1) B
N-1-7) TEELZLHIC, BEu—-5, 8
PRl -, YIREE R oW R A TR
PEL 724 4 O 3EE 2 S ICDO W T, ZEoBfE & 1
RE% 283 %,
2) WIE2 SRR & FT
A TREERE 2 SROME LFHTIEER 17, BE
32, X 11, 1R L7z (BAS 1993)

017 #fE2 5 EEHT
Table 17 Dimensions of prototype 2

TH H i# JT
ES F(mm) 2,170
£y & (mm) 2,250
£ 7 (mm) 3,300
£ H Bk 1,200
TEEEEBHE B (ke) 900
BA LR & E (mm) 1,500
BAEE R (k) 120
7K 55 B (mmy/s) 10,20,40
I HB EEE (mm/s) 10,20,40
BE - WO HL O—F EER (pm) 200
et O — & B (rpm) 50
Wik 0 > NP B ENEE (mm/s) 0-10

0032 $A4L—UitdiAadk - WY LEER
fE2 54 (AL -V LEEICERL
RRE

Photo 32 Silage loading and unloading device
prototype 2 (Upper position over
silage)
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Fig. 11
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Silage loading and unloading device prototype 2 (M1 ~ M5 : Motors correspond to Fig 13)
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Photo 33 Driving chain wheel of leveling and
unloading rotor

00 34 B HFz— EHOIMLHA
Photo 34 Driving chain and unloading knife
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00 35 WYfiFHoialiiRiE
Photo 35 Twisted knife of unloading rotor
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Fig. 12
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Photo 36 Cutting device using chain cutting
mechanism
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Improved unloading rotor and cutting device
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0037 Fxz—rEYHHN
Photo 37 Chain and cutting knife

00 38 #ka Ny
Photo 38 Transport conveyer
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Photo 39 Grass silage unloading work by proto-
type 2
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Table 18 Grass silage unloading efficiency

Y10 5A B E (mm) 100 160 230 230
B - B0 L O— % EERHE (m/s) 22 22 22 2.2

) 3 B YT B (m/s) 1.1 1.1 1.65 1.65
T B (mm/s) 7.6 7.6 11.6 15.5
B D H L B (wb)(kg/min) 15.8 259 517 73.3

DEREH 3 REOFYHE
MBI TR —Fr— R T %
(HEHEE © 319kg/m’(wh). MEFEKE @ 42.6%. FHUE : 57mm)
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Fig. 13  Automatic control system
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Fig. 14
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Automatic system control program
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JFRTEBIHITL (M15)

PRLEE O A AVESE TIE, WIPALE & 0 AR R
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Fig. 15  Display monitor image (unloading work)
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Fig. 16  Automatic loading and unloading work
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Brx EHIE YA LV—TVoEsxllE Lo
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TR W, Mk a XY ORAEBREIC R 572
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019 FEoAAEERER
Table 19 Loading work efficiency

AFaEDRH HEEDRD
FEA B AR VIVH L
RS KR (%, wb) 78
IR B AR (mm) 2,200 X 2,200 X 1,200 2,600 X 2,000 X 1,100
HE R (kg) 2,370 2,440
R (m’) 5.28 5.8
BB E (wh(db))(kg/m’) 453(99.7) 419(92.2)
BBk 11718) 111
FEOIA BT E(E) 22
1 fT 2B M (min) 1033
& (min) 3.72
#H)(min) 225
FOiA S -+ BEIE (min) 437
1 A#pH 3.64 3.72
PE3EAEZR (wh(db))(kg/h) 645(141.9)

020 HEUO M UVESERES
Table 20 Unloading work efficiency

AFaEDRH HEEDRD
FEA B AR VIVH L
RS KR (%, wb) 78
IR B AR (mm) 2,200 X 2,200 X 1,200 2,600 X 2,000 X 1,100
HE R (k) 2,370 2,440
R (m’) 5.28 5.8
BB E (wh(db))(kg/m’) 453(99.7) 419(92.2)
BBk 11718) 111
FEOIA BT E(E) 22
1 712 B¢ B (min) 10.33
& (min) 3.72
#H)(min) 225
FOiA S -+ BEIE (min) 437
1 A#pH 3.64 3.72
PE3EAEZR (wh(db))(kg/h) 645(141.9)

#) 110 kg T, Bk, BB, ShoAA - BIEEEL AT
2O P ERER AR 10 77, TESEREE T 645 kg/h
(wb) , 142 kg/h (db) Z/RL 7z GE®RAARMKE T
OMEEREIZ 419 kg/nd  (wb) , 92kg/ni (db) &
GO ANIEEERABREOBEL oz DR -
BERICEZ— V7 4 VATERE LA L — JFi
L7z R, #—r Ao pH 3K 3.7 L 2 0 B
RIFCTH o7z,

O UAESEE, Y10 AKRIES 350 m, BT
20mn/s T, WY ML, BH), P2 &L THROFE
KR 14 50T, MEEEBESRIZ 453 kg/h (wh) |, 100 kg
/h (db) Z/RL7z,

4) B

AL 2 SR O VESRESEE L, YR ok 3
BEOMMIT LD 900 kg & 3 1 TR OH 2 5L %o
720 LA L, 31E 2 SO EEE O ABMEE K DM
TEEIX AT LMD 419 kg/ni (wb) TH
D, A L— VB OREAR HEEOFLANEK

8101 %5 (2003)

IR D720 ICHERE STV B EE R 900 kg/
T 5720100, BEREORERSEHEZY 4 L —
VEHICEAZREL R EOFFICLY, E5ICH
FEI LD R A WA § 2 LEDB D %o

PIWr i, VIR M LOBESREKX
e 4 L =128 d, By M LKiE 23 —12
L CEAEMEEZ M S 2720 HTH -
7oo 7o, HEOHBERIC X 250 ARESE, B
D LIEEORERIE, S5 ESE0END S
EHEZ Do LT, iEORRMEEICIBVTIE, 4
L—=YOMEM ED 7B G0 RA - BT,
BHPEECTH D, TD0IIE, FEEEKER
B O 1) 1, Wk € i o i KBTI B, ROk
WM OFHE R ES O 2R RPUEE b s,

5) %

PA L —VEhDAA - B I LRERNE 2 T
WA A LT 57201, x4 7uay¥a—rk
T U EEIC L B KEMOBIE S A T A OBEL HE)E
WM7U7 T AORFRICLY, HiEHERO AE{LE X
D, DT OBEEH7,
(EHEXH, VI v b2 v F, BREIE— & B A
YN=% RF U ar—FhEDE Y RH
B4 r0arCa—FIck Bl ATALC
S HENEE T T 7S AR BREL, #0iAA
PESE LD W LIRS BBz 2 1 RE & L7z,

A L— V8 ) URERE 2 S0 A
BRI X B RE0 A EHEREEIL, 645kg/h, HLELE
BElZ 419 kg/m (wb) , 92kg/mi (db) , A4 L —
VHY W LEERERIE 453 ke/h (wb) , 100 kg/h
(db) #RL7,

B A oEEOS L5 MR L, AL —VD
m B A L7011, MEOBIE RS, EiED
AKPREBYREEI) b2 &% 4T ) BN D 5o

V O0O0O0o0oooogoo

gboooboo
1) [ARESERRIC X 5 B FHLETEHE pE O 4 R
AWFTETIE, IAHER LRt A e R o>
72N, B E A O —FE T AERSR 2RI & L
72 EFHLEVR O R - SR - BrE R, B
BT B 720 D BRI R e A L7z, £
FTUE, RARVEVIHE - 2230t I FE R[] e 17 S A%
ZReaEh - AEL T, BRI O PHENESE & Dt
NEIRREAESE 2 [A I TAEAL L C 2 DR EBGE§ 5 &
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EQIEE Y I 2L —Ya VI B Mo 72,
T BT B RROIEWY) ) B RN, BER A%
WRBREMETH Y, ZHOMBEL & BRI
MR AEZRY, & KB OIBIERERAGE S 720
RELEEIRDO HN L, DD, FFEERKZ
R % 2 &I & D EBIFESE & Hei L TR IIRIRDS
B L, EBIESE L R L CTEE T R o B K
EAESEM BTG O REE DT W 2 &, RARTEW O
wEMEDTEL, FEMORSEHIED 2.7t/10a
RWBZHIERFE LT,

JVER Dl lEC— e 72 4 X — ZARRTIE,
B TRAE % & ST 72 BETESERR A S L
T, N 2IT IV A5 75 &FM L ERHE
HHEOEREIED SN TWE, L L, EAEY
T 2mEzBRA2ELVDHYD, KT5H (1989) D
W Ry b OWFZECTRAMEWEER 2 BB TS 50
REVEIZ /R S 7z 28, VRS EE 1R < BIFEVESE I ME
TELMEEZEBTETVRVRE, EXIEWIL
HE - ZBUNERRR S PO EBLIIEE L v &
EzZbhb,

72, RV O PHENESE & 2 0 TEE A3
ZAEBIVESRE & LTV, BRESRALIC & U IR PAT1E
L LTHBNERZRETL2ILLEZLN
Bo L L, BROUHE Y — X /3R 2% <,
E S IHERHHEVESE & A a~O TR %
EWCANZLEELTEY, HAEEIZERLENL
RU—=F&ENHTFAZEZHLVWERDNS, F
72, BB A RE & 35 KAMESERR I, [HIX
A3/ S VIR DSE O F 4tk TREADPKHETDH
%o

INLOFEMNBRL &, REXEW O L ZH
DOFEEL - ML - FEFEEEA IR 5E T3 5 [WIREESE
B, BAEEDOMEERERZE LTI LR, L
HIPERE X D B ERETREEZ R L, ZOR)RIE
BWEEZ LN,

2) INYH = A BB D HFRHA R
WP O FEBL & R R

M- 1BV TIE, KPR faE LT —
A BIZEHL, RO A4 L—JRE - iy
A DOV TH W r ORET 2 D z, Nl —
AT, ¥ =4 0L gL ChEERE ST
HDHLVHIFEERDHY, SHITH AL L—IMHEOK
GRUIM R % LR v & BHLEE O
AR W - AU E LTRSS D B0 207z, b

YERIYRY VT LR EDRKEWZ I L, +—
Fx = RTT AR EPIHERS KEZ R ERBEOT A
L —JHRBIZOWT D, YRR EK G O HI R A
YhnwkEZ oMb,

F72, 70 %% A DRGSR EFA L — VR
THHEIE, BEAZ L THEEICEREShL LY
IS - B S, ME2 OS82 TL F
Vo TDD, FT—=H 40T, T4 L -V
LB IR O 72D HET & T A a AR S 2 D 1
EEMATWA, L L, TERIETHNTEREEG 3
ORIEE D %o TV A, THEEI AT VR
EORBEHSPEENTEYN (Jofreit et al.1988) , T
ENERENGZDLZENLET L NV =44
TIZBWTIE, 8 525 % F L 72 =Kk
DO TFRIARARGHE, FIZEANA F 2= TR EZH
R332 R (RIA S 1992) 12X 0 KGR
T OB R REE 2, A L=V b L
THIEPRINT VS, TORAIHRFEICL->T
TRINH A L=V, A g km@m2 s Fmicm
JTEEICHY T HEOT A LY T ra—5F%R
YA L —TRDAD - Y I LEE R & &> T
DL, BUD LIRS 2 B OMBSRE ST
—HHA L=V ELTREIR/EGTHILATE S,

DX, NI =T A FREA G ALY
MR OFHEA T, MEOKD RN,
B EORRI R, A L=V ool AhikR
By WM LEOLRICE D MR o@EsEERL, —
VAR EORE ARSI SAESND
HATHLETEL & L CoRKIEY, 28, Bk L4k
BHEEHICOWTH BT ETH S, 2DT LI,
BAE DS BEFE DA R WBLRICB W T, TR
FOmH L2R ) BAEEYL72) OPEZ A LEET
Koz MEEZKD 2O, NV H—H A T
L LA THSEEZ LN

3) NyA—H AT va—F O REN

V- 212BWTiE, Ko< ERYTdh ) M
DRWEHFOFA L =YD= A4 0BT
B LI AL 2 ko —o & LT, Kl
DX A V=V 7 ru—FEEALZOMWEE KT
5 EEHIT, WAENIBIT BN —F A iy
LEECTOMESEZW SN L, k7 ve—%
&, I Sz — A L=V TR LA
# 900 kg/min (wb) , 84 kg/min (db) & HHEZR
N L 7203, IR AR AR 254 45 2 R,
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FR 75 A A L— I T E ) A4 L CResRas
BT L7z LZdSoC, A LAT7T > -4, b
TET I IRV INH A EORREY TIZEIRED
BOME, KERT A EZR LOLH, S 5ICTEK
B EE RS MR MR R REE L7z B HLET R O LD
W UPEEC T %120, BU) LRk e o dk
AEEP SR TR THL LEZ NI,

T R A L -V T v — ¥ BRI
MT2%AE0E, MIEEE UCGERRE - REFESLE L
Bho SO LWL, HOFEIRA LEIEIRD 5
NTWLREOHT, BLY H LIEREIZOWTH A
r DA ufEELko HEMbE K2 LBz D 5
ZEERLTWS,

HHAKTH MR LN — A YA L—
V7 ru—FiE, FERI YA EERIEY &S
Wi LSBT L2 A L — Vs s i
B, EICHHEEE L T A KRB I3 L
TWBH, FHT I A A L — V% EERIEWUSL
DFA L—THY W UAEERCHIEENR Z WS 372
DOVEED HE L LI2D W T, #7272 bk < 2%
BORBEPLELEZ bz,

4) A L=kl - HUY M LLEE O
&Pk

il U 72 RKVEY & ZH O —4FE ZMERR A S 8w
AP T RS S M BRHLETE O A R R O AL HE
W, NYH—H A aPFREORRA YA L — IMEHNC
X9 AN, NV A=A TIIBIF L DA
By UAEEOWALOBLR & AE Lo LIS
DX, N-126N-2IZBWwTEINrys1—H1 un
MO A L— kR - B L2 % B atallE
L, MhReaBR % 47 5 72

P A L—VikikA - BUY LRI, fEE0H
JAEEH, EEOWHFM LT A MEOBLE2S
ZOIBREEI N S —F A TIZBT DDA
LY M UAEEOW I W RE 2 el & LTk
St BEL 7, R, N A — A4 T ORER
YT 725 v 7 L=V EBWTETT 5 ETE
B, FHORBMEFERTY W LA 5 1%
P THIR U720 NV —HF 4 OO R OFEDA
HIE T B LREANNERHERE S 2 ik, 4 V-
OO B LIEEET A L =YD El9 5 TR
WCH) T HEERRM L. AR, mAKGH
DK R 2 S B BIHERE T A IS A
WEETHb, T2, FHITITAFAL—TYORD

8101 %5 (2003)

LAERM EER) B LD A L — VWi, 5oz
AR AN & B EUE B <7z, HUD W LW
WZE) ) AR E ANL 720 OYIWEEE %2 L 72,

CDEH, A L—Vikdiadk - B I LEE
2 X BEEWALT, 4 L— VM OEDARMEE
PAL—TOWY I LIEEE, HEMLT 52 &A%
Loz, EHIT, UMEEIZIDVFAL—TVD
Wy LmzEA LT, ZREAZBIELTHA
L — VBRSO B U R SN WREMED R Sz,

5) A L—VkbikA - WY HLIEEICL S
TS0 HEYE & FAFIE o W] ek

V= 312BWTiE, 4 L—VikbiAa - Ty i
LEEICYIY FAAf v F, u—y Yz rya—%k
EX oMWY T &, S L 2T e S
AZED, 4702 —FFN—RE L7E
HEOHELEFEH L7,

HERHI S > H — 4 QBT B k0 ABMER I
2HE% 645 kg/h (wh) , 142 kg/h (db) , BUY L
BEH(Z 453 kg/h (wb) , 100 kg/h (db) Z/RL, /N
YH=HABIIBTLEDAR Y B LEEOH
FLASWRE L o7z SBI, N A=Y A TILE
W, HE#OT A LV MEETO—RE LTH
FHE 2 B H0) LMD S OZBEOBACD VT,
FHOHITID, WO W LIS ZESGER D727 7
FURERAT S ETHILT 2R (KBS
1992) AUREN, Y M LIEEOZEL HB{LO
PEREICNZ 5 Z & 2T LD S,

NV =B AaEHg g L= AR - YL
FEIZL DA 0y A7 2 O3 RO RIS
WTIE, Ny A A a2 BEERELT, L—Vo
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ELWHETH A ) TDEIIC, A4 L—Vikwik
Ko WY WU, KREHEEICBT % HiaHLE]
FroFREL - #5570 5 K& BRI E TOR LKA
TREL Bbhs,

6) BREGIIE L HAGHLETRHERE IO W T

INnFE T, HEHEROARE EFIHIZOWTH
LWEEBE, 2508 O B%IC X 28 AL BB Lo
BErbERLTE, 518, RIELZZFARESE
B H A4 aBEEICONVT, 2 TIIREHERULHLC
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Studies on the Mechanization of Domestic Roughage
Production and Utilization using an Automatic Silage
Loading and Unloading Device for Bunker Silos

Yukio YAJI

Summary

In Japan, about 75% of roughage for cows is imported from foreign countries. Although the production
cost of home-grown roughage is lower than the purchase price of imported roughage, farmers are reluc-
tant to culture and ensile domestic roughage because it needs space, labor, machines and silos. Roughage
is an indispensable feed for cows that have ruminant digestive systems to keep them in a healthy condi-
tion. Because roughage and feeds are imported from foreign countries, a large amount of manure from
cows is produced and spread on domestic fields. But excessive manure spread on fields can cause water
pollution. From these stand points, roughage should be cultured in domestic fields. This thesis
describes procedures to culture, ensile and utilize roughage in domestic fields. The three component

chapters of the thesis are summarized as follows:

1. Development of a combined seeder

1) A combined machine comprised of a forage harvester, a rotary tiller, a fertilizer and a seeder for
dent corn-barley cropping systems was developed to reduce the working hours needed for harvest-
ing and seeding.

2) The working efficiency of the combined seeder was 12 a/h when the working speed was 0.76 m/s.
This efficiency indicated a labor saving of 30% compared with the same tasks performed by separate
machines.

3) The simulation results of 11 years (1985-1995) using precipitation data for Morioka in a field area of 5
ha showed that the combined seeder, with the working efficiency of 12 a/h completed harvesting
and seeding of 5 ha of dent corn/sorghum-rye/barley cropping systems, as the same rate as a for-
age-harvester with a work efficiency of 24 a/h. The combined seeder will finish rye or barley seed-
ing earlier than individual harvesting and seeding machines.

2. Mechanization of bunker silos

1) Loading, leveling and compression of bunker silos affect silage quality and need machines and man-
power. Various practices and machines are in practical use in unloading of bunker silos, ranging
from free feeding to high-efficiency mechanized unloaders.

2) To increase labor-saving during silage unloading work, a tractor mounted silage unloader was tested
for performance. The unloading efficiency was affected by the kind, cut length and density of silage
material. The shorter cut length made for easier work and higher unloading efficiency.

3) The unloading efficiency of dent-corn silage harvested by a cylinder-type forage harvester was 900
kg/min (wb), 84 kg/min (db). The unloading efficiency of the same silage harvested by a double-cut-
type forage harvester was 166 kg/min (wb), 63 kg/min (db). Unloading of the silage harvested by a
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flail-type forage harvester was impossible. The silage with long cut lengths often made an auger
clogged.

4) The unloading efficiency of grass silage harvested by a cylinder-type forage harvester was 162 kg
/min (wb), 88 kg/min (db). The unloading efficiency of the silage harvested by a double-cut-type for-
age harvester was 161 kg/min (wb), 28 kg/min (db), which was 1/3 that of the cylinder-type har-
vester. The longer grass leaves made it difficult to remove and the working efficiency became lower
than that of dent-corn silage harvested by a double-cut-type forage harvester. Unloading of the
silage harvested by a flail-type harvester was impossible because of the longer cut length and lower
volumetric density.

5) The theoretical unloading efficiency calculated from the specification of the unloader was about 900
kg/min, which is the same as the measured unloading efficiency for corn silage harvested by a cylin-
der-type forage harvester.

6) The performance tests were carried out at Gunma Prefectural Livestock Research Station for about
three months. The unloader was mainly used to unload grass silage because unloading grass silage
was labor consuming work.

3. Automatic loading and unloading work in a bunker silo using a silage loading and unloading device

1) A prototype 1 loading and unloading device for a small test bunker silo was developed and its per-
formance investigated. Both the traveling device running on rails installed on the walls of the
bunker silo and the working device suspended from the traveling device performed well.

2) The density of partly dried grass and raw dent corn in the silo after loading and compressing work
was 318490 kg/m3 (wb), 117-140 kg/m3 (db) , and the unloading efficiency of sorghum silage was 226
kg/min (wb), 77 kg/min (db).

3) The performance of prototype 2, which consisted of an improved bucket, a compressing roller and a
new cutting device, was tested. The new cutting device for grass silage worked well and prototype
2 was able to unload silage with an efficiency of 73 kg/min (wb), 42 kg/min (db).

4) The sensing parts, limit switches, rotary encoder, motor inverters and control program that con-
trolled the loading and unloading device were coodinated by a micro computer. In the case of auto-
matic working for sorghum, the loading efficiency was 645 kg/h (wb), 142 kg/h (db), and the unload-
ing efficiency was 453 kg/h (wb), 100 kg/h (db).





