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[Cutting off of root zone | - By digging blade  [Cutting off of leaves | --- By mower
attached to power Digging | By conveyer type digger
tiller

[Lifting and removing of sand]--- By hand
N3

| Cutting off of leaves and root zonel.By sickle

| Temporary storagej«
N2
[Transportation = To the tent in the field or to the farmers house

T
[Processing by hand| -~Washed or unwashed Baker’s garlic bulbs

W ashing

Class separating
ocessing factory|-....| Retarding sprouting
W eighing

Packing
Shipping

Fig. 1 Flow chart of Baker’s garlic harvesting.
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(b) Digging blade
Photo 1 Digging blade,



(a) Planted field at Fukube Village

(¢) Cutting off leaves and roots with a sickle

Photo 2 Harvesting of Baker’s garlic.
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38N, LI, MY EFAgEarsHIciliaEnszs 9% 3713, SBFOIEHE
HDT ~ b+ (Photo3-a) F7:13, BEDEELHMEXRDOELBAICIL—FRLT 7
TiHpEh3, ELTADICED TwT v X3y, £, TR vFavy ovwJhhy
(2 x=n3 (Photo3-a'b),

FV Tk I o¥amy 3, 1RSI O h THCHfTons L) ICHMEIAKRTH
b0 ZOWWHEIE, MICATA2HITLTTREEL, ChiZT7vF a7 2L Y TTHRE

(a) Washed Baker’s garlic during the cutting work

A»

(b) Unwashed Baker’s garlic during the cutting work
Photo 3 Cutting work.
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Table1l Cultivated area and shipping in Tottori Prefecture

Year 1970 1971 1972 1973 1974 1975 1976 1977 1978
Cultivated

area (ha) 178 181 177 210 242 236 239 263 —

Washed B.(t) 835 890 1204 876 1023 1493 1805 1549 2293
Unwashed B. (1) 337 350 499 697 852 1022 1078 1112 1717

BERC 200 5 b UNHE - BRI 221 T IERN67 4% % 5D T 5, D) 2 L THEINE A, #
DEIIHBHRFETH 5720, BLFOHRENF S, 248 0877 % L D2 2 5D T
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ZOEIIZT Y F 3 EEE, BIRBIIEITAAA AT Y EOMMERIZHART, #
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—%., ARETTRIMWEHREBTOT v F 37 2EBANILIGIRE, ZOBTEATIZLY
T35 F g 2L, KATERLEOBHMTIRENILALEEDTED, &
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SM : Servo motor MS : Micro switch
L7 Zhid, ERERT DM : Displacement meter LC : Load cell
L 4ODIFEIL LS Fig. 2 Experimental lifting equipment.



~Ny FEU— Fenicie Table 2 Field conditions (197 5)

B LEBTAy FOL Depth(cm) |  wf™(3) | S.H(kg/cm?)
BN AT S I 0 1.45 0.60
£ofto RMNTHRE (10 12 10 6.56 0.67
Wi TLMERA, 2 20 5.97 1.12
BT VAT vz

kO EBICHT hEE 0 X 0 0.91 0.55
GTEB LS, # (MAY 26) 10 2.95 0.57
B, ~Nv RIS 20 3.92 0.85
WoTHRIBEE S o) 2.10 0.60
YR E H BT 72, 8] (June 2) 10 6.76 0.68
REEH AT — e 20 7.55 0.67
T, BT EORE L > ! Moisture content (dry basis )

MIEEF N7 Y A TR 4 s . Yamanaka type soil hardness tester
BIL, X—YL a—#icitsl 72, 4
LB IR L D F0emDE ST, Ny
FO#EEILL.5em/s D—E & L2, 72
FIIREAEREZ 270, EHEMHITINBED
BENZu—7 #8J3 7=,

2) EBHE RBRIIBE, BIED S

v ¥ 3 VRIEHE TH 2 HERELH OB
B TRFEDIEERE TS (HHHE) #10
a1 EEMAL L, WX 5747, ¢
HDo MERAI, IHEIATO T (5 H12H)
EIRFEEHIZA > TAH SO (5 H26H) B &
UMM(6H 2H)D 33T T -7, %
HERH D55 % Table 2 1258 T, Bk
XEEBR A, Fig. 3R+ L 912(A) Fig. 3 Pulling methods.
HARRED £ £ TOFHRE I, (B)REH L ShE T TOBELES 2RO BV 2BED &
R BFHREEIMADREIIDOWTF o 720 FHRE AL, $/E LH 5 LU EET30°60°
KaB&INy FeBBisd, U—-722r0LTEANDBRELIT-7, & F, (B)DF
BBV TR BRWABOHEFIE, (A)DHETOTIRED SV, HANICE>TEL 25
DEY EXDFEHE PHRERICEWTE L2 ZAERNBanDBHEHNTH > 72720, #
DSy wERO BR O oo BEAMMIE, EEICHA L 28 e L THE53k\ 2, 2L T, B
WEEMANIHBE 2 RIZTEEIONET v a VORHEBOHEE 2 S b TiFo 7,

3 XBERHLUEE
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Fig. 4 Histogram of bulb depth in sand (D), D(Cm)
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AT TIRIEESN 2D HEE 2R L T b,
ZDHEDL £ I FEIE, SIIRE LD # %
FIFT 2 LCAREELEBRRTH 5, 46,
DL IEDHEEIZRIFHIIL->THELL
Rz, ZOFERIEZFEE L CHIIEE, MEiEEm
DHEIZEZ2bDEEZ NS, FlZIE, BE
NDOYRFED 72D DFEERIZIF TIE, FERY % k<
T 5= DIER ORI & @I L0 £
CLTw3d, £/, & (3~6H) 0=E%h
EAEDS & S EaES ¢ 53

2) B3REEIS TFig. 612X ~YLa—%

1) ¥kOJERE £ THEE A, 5ER
B TOERS, T4 bbHED
(em) &, HBRH #MHFIZIE —EH’
o U BP0 95% 5 SEX R ¢10. 1
~10.5emDEEFIZ b - 720 Fig, 413
BRD O MR 2 R, Fig.
5021, ABRBEBIIZE S 1R/ 0
B Bn(ER), Bk&E% a (em), [AEERZE
b (cm), EH Ln(#) & LK EREW b
(g) DINEEARTR 12 51 2 BAL #7R
L2bDTH B, REIDFIHHHREF
BDBREREE 2R L Twib, 4
Hl DUNFELL 5 H233 45 6 A20H
FTCORLIA2PAMOEIIbAE-T
fThhl, 2h&b, Fig. 5i2HW0
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Fig. 5 Forms of Baker’s garlic during
the harvest stage.



2k B5IREEAN (ke) & SRE K

iz x (om) DIERHIE TS o FIRIFH ® oD=20-0lem)
B (A) D5 BEE EHNDFIHK L:=21

%5 (Ao)ERLTHY, (a)dlk W=60(g)
xAlhE, (b)FHRETARET 2bb P o

BEOHRZ DV TOEERFTH 5,
(a)lE, BHREBARK 2mDEE D
E#0 T KGR & #H 1 Rmax(kg)
ML, LURNERAREE AR H 5
35320, $HEZENL x =10cmf2
b LA > TR RCBBIZ L B o 2 4 6 8 10 19 2 2 e 8

WHRr(kg) L %3, ZLTH x (cm)
(a) Able to pull up Baker’s garlic without

Pulling resistance force (kg)

MICIET v ¥ 3 ﬁm%ﬁ%w( g) & cutting the leaves
HMEAE L2 FHS V-0 (b) Unable to pull up

- . Fig. 6 The relationship between the pulling
BERWs( g) &O)ﬂli) mEN D resistance force and the vertical
ﬁ(bﬂi’ AT SN B & RIERIC displacement (X).

HEIHANE R A, 18720 EDF KT S Pmax(kg) & PmaxiZva7z 3 $5E AN X p(em)
AEOoN S, RESLVMERE CORERIBRV KB TORKHE(B)IZOVWTHEL
&I BEgENIELN,

Table 313, REAHHE(A) FLU(B)IZHFVTEIET 52 2 <FIKETRETH- 12
BE, THbLLERBRABIIET 2 EEAKIIHT A5IKERETH - AR OEIE 2 EH
BBECRLEBDTH B, HRERH [ ICHVTHHRETREEIS P bK<, PHEHIZA-TY
CORBHINIZPVTHELEWHEARL 2o ZOREIE, BEHEOHEYEME, & CI2EK
tew (%) DEEIRENEEZZ SN, BHEBRHICIET 2R E10~20emDFEHEK b w1, of%)
R L 72, F72, REEHE(A) ICHEVWTHIIREAENIC & 2 TREEIG 12 IXBHFE 2 2380

Table 3 Successful harvest percentage of bulbs

without cutting the leaves

() (B) w 10 ~20
. A, [15.4
(May 12) Ay, | 0.0 {10.5 53.3 6.3
60 -
A
- 0 |52.6
(May 26) | A,  [61.9 | 53.5 100.0 3.4
Rgo | 44-4
a 56.5
o 0
(June 2) | 230 [30-8 | 37.0 80.0 7.2
Aco | 0.0

(A) and (B) test methods were shown in Fig. 3.



Sl hole, ANZESHHRE T, NERIEER - 728k D 4.9

HEAANDEIRE, T42bbBRDFMAG| EHFE IBRFT

DIEETH 37, AR a—-7&»0L T 3.0

IR & T, EAT—TIZBL S CHERL, 5IREA R I

BRI & AR ROHEE » o7, 2 20— ,
Fig. 715, AVBIIC A CA 5 OB AT HKEHEHHRmax o tx 1

B EVEOR KGN Pmaxt$l 513 BHBER X LT dro M

XplDWTRLZBDTH S, ThENBIHRE D RREL

HEEX=2~3em#b LA - S TCRmaxa /"L, — 0. o= ——

FolR EAEE G B A Xe= 2 emL AN TEDRENT 24 U T W mai‘;[-’"-aax WT;"‘”‘

3, (May26) (June2)

Fig. 7 Vertical displacement at the

Table 4%, HERH (AL S5 KTk % Pm-
axBF L UREBR S (BN & 3IRBOKKRIHREHES HRrm-

maximum resistance force.

Table 4 Mean and 9 5% confidence interval of

population mean of Rmax and Rrmax

Test method (A) Test method (B)
Rmax n erax m
I(May 12) 24.8 - 15.0 11.64mg18.4
O(May 26) 13.1 11.6£m£14.6 7.4 .7¢mg 9.1
II(June 2) 15.2 13.5€m<£17.0 11.3 .9sm=14.7

ax?DF#HRmax, Rrmaxd RPEHDIBUIEHERX MM 2R L2 DTh 3, X5 H I ®Rmax

ZOWTIIEARK AL 5 V2O RmaxD HIE K7z, % /2 Table 5 IZUUHERHIZ A - TH 5,

Ta2bbRERA N, MORmaxd EREM DMBGRKERT., FEL SREWbHLU#EHK L
A" Rmax & 0. 7L £ iRE5E WAHBR%R 2R L Tw %,
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Table 5 Correlation coefficient matrix

D B L W,

n n b max
D ™~ 0.60 0.42 0.66 0.37
B, |0.13 ™~ 0.91 0.80 0.58
I L, |0-28 0.73 ™ 0.76 0.71 m
W, |0.34 0.78 0.76 T~ 0.80
R oax |0-25 0.62 0.70 0.82 ~_
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Table 6 Correlation coefficient of Pmax and forms

D Bn Ln Wb

I (May 12) | 0.31 0.77 0.88 0.86
II (May 26) | 0.00 0.15 0.81 0.62
I (June 2) | 0.36 0.77 0.92 0.88
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Table7 Analysis of variance
D.F S.S M.S F Note; D. F: Degree of freedom
: f
Regression 7 1645.5 235.1 44,5 S.S ! Sum of square
i M. S : Mean square
Residual 69 364.3 5.3 b Vel
Total 76 2009.8 * %1 1% significant level
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Table 8 Physical properties of the unplanted sand field

(1976)

Depth Dry Moisture Three phase
density_, content S L v
(em) W (g/cm’)  w (%) (%) (%) (%)
0-5 1.25 4.5 48.8 5.8 45.4
5-10 1.28 6.0 49.5 7.6 42.9
Sep-1 10-15 1.29 6.3 49.7 8.1 42.3
15-20 1.32 6.8 51.5 8.9 39.7
0-5 1.30 2.9 50.0 3 46.8
5-10 1.32 .2 51.4 6. 41.8
Sep.2 10-15 1.34 .7 53.2 7. 39.4
15-20 1.32 .0 51.8 7. 40.3
0-5 1.27 .2 46.3 5.3 48.4
5-10 1.30 .6 47.8 7.3 45.8
Sep.22 | 1515 1.34 49.6 .1 43.3
15-20 1.32 48.0 .1 43.9
0-5 1.29 2 46.8 50.2
5-10 1.28 4 6.3 .1 47.7
Oct.13 | 15-15 1.28 5. 47.3 7.1 45.7
15-20 1.28 5.7 47.5 7.3 45.3
0-5 1.36 5. 49.7 7.2 43.1
5-10 1.33 6.1 50.0 8.3 41.7
Dec.2 10-15 1.33 8.1 49.4 10.6  40.0
15-20 1.33 6.1 48.6 8.1 43.3
040 w=0.¢$=402
100 P Ty=148 ;
1 030 /
Do=016
Do=023
Deo=031 e
Ue =194 =]
o ur=107 Q 020 ,/ 2 de193
w=7. =13,
201 o / /.}'/_w=8,¢=14.9
oJ1 ) X /_/;_‘_4 T ws4 . G=115
ol 0 «— 010 }?/_;..—/ w=6,$=124
Grain size (mm) K v /’};2:?/
(a) Graduati 1ysi L *
) Graduation analysis curve ///j/
10° Bffective grain size (m) %0 G05 0o 020 040 2
: 30% diameter of soil particle (y) . ag (kg/cm )

: 60 % diameter of soil particle(mm)

: Coefficient of uniformity

: Coefficient of curvature

(b) The relationship between shearing

stress (tf) and normal stress (o)

w : Moisture content(%)
¢ : Angle of internal friction{(deg.)
yd : Dry density (g/cnd)

Fig.16 The physical conditions of the test field.



Table 9 Physical properties of the planted sand field (1977)

Depth Dry Moisture Three phase
density content(d.b.) g L Y
(cm) v (g/cd) w (%) (%) (%) (%)
0-5 1.53 0.52 56.3 0.8 42.9
5-10 1.46 1.44 53.4 2.1 44.5
June 1,615 1.43 2.23 52.9 3.2 44.1
15-20 1.41 3.04 51.8 4.3 43.9
0-5 1.48 1.27 51.9 1.8  46.3
5-10 1.44 2.61 48.9 3.8 47.3
June 71 10-15 1.41 3.79 51.1 5.3 43.6
15-20 1.38 4.91 49.6 6.8 43.6
0-5 1.43 3.57 51.9 5.1 43.0
5-10 1.45 5.21 52.6 7.6 39.9
June 20 1,5 15 1.40 5.01 51.1 7.0 41.9
15-20 1.36 5.43 49.9 7.4 42.8
0-5 1.41 1.20 52.6 1.7 45.7
5-10 1.46 3.40 54.4 5.0 4C.6
June 231 1515 1.39 4.35 51.5 6.1 42.4
15-20 1.40 4.87 51.5 6.8 41.7

O ABRO MO E A 220, RBROZLIZHEY Y 771280, B0~
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W IR S & 5 /2, Table 8 IR RERH 121 313BEMF &, Fig. 1612 IEBOKIE
DR & —f & A BTEEREE 1T K BELL 2B O A WSR2 R T,
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NI TH AIBHIG2E 6 A 1, 7,205 L U23HIZZ N FNIT - /2, Table 9 IZ&HAEBRAICH
VB35 L TablelOZ £ 2 FERROTPHE L REREL R T, TAGIRARG R IHHOS;

Table 10 Planted condition of Baker’s garlic

Bulb depth Number of bulbs Root weight
D (cm) N We(9)
Mean S.D. Mean S.D. Mean S.D.
June 1 7.3 0.3 3.8 1.4 52.0 7.3
June 7 7.3 0.6 4.8 1.6 74.2 14.0
June 2 O 7.2 0.7 5.5 1.5 97.5 27.5
June 2 3 7.3 0.7 4.8 1.4 73.1 18.4
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Fig. 17 The relationship between draft force (P)

and cutting depth
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Table 11 Analysis of variance for draft force (Dec. 2)

D.F S.S8 M.S F
D (cutting depth) 2 2978.3 1489.1  209.0™"
g (Cutting angle) 2 11.8 59.3 8.3"
C (Digging blade) 2 26.1 13.4 1.8
Dx 6 4 40.0 10.0 1.4
DxC 4 13.9 3.4 0.5
9 xC 4 89.8 22.5 3.2
e 8 57.0 7.1
T 26 3323.8

%% 1% significant level
% ;5% significant level
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Fig. 23 The weight distribution of root zone the in planted Baker’s garlic.

Note : The weight percentage of the root zone is indicated in parentheses.
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Fig.i24 The relationship between draft force (P)and cutting depth (d).
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Experimental lifting type digger (No. 2).




ZHEMPETIZLEDF) 6emDE S IZHHf &5 (Photol2-b), % &, [AliE ) ) F& 3L AE 1 3

B & PIRFEOHUEHE LRI L TH 5

WEHE ) ARSI VIO ML, BAEITHEE & Hm),

HHENI BHAE L HEDEKIZED 7 v & 3 2 ARERE LG IRANZ EH X TS

KUO7 =) E2REL %
REREER & EH Bl

(&, AEFIS R A P2 heak
B b & CE IR O 7
¥ g 7RIS TIT>72 15
%&Mt(d&%:::

[ %4 U 720 LUFIC 2 OH%RK
AN

i) 1 EBS G K He w A W EZERR
HEIZ BV T, HREADORET
FEEAELL, FlIAEHEEE
C Ol R A [ g ThH - 7=
(Photol3:a), L AL, BErf%
DIFHEKRILwD WV E 215
LRI C CARED D I k- TR
i & 7 ARAE CIRBF IS @AM i"f
L 7= (Photol3-b), % L <
LIRDZIFIE 2 < WIET v ¥ 3

»1 Lk 7

vaERGEFN A TERE LS

W

<D

e

i) R AT 5 1 S i LR
ICHERIEL, 2" T Z h A REEIE
EAHAMOICE TWAD, BRIk
M= LAY (Pholollﬂ-r) :

i) RAMIC K57 v ¥ 37
O 4= B ) ASANSE 4 THEAPHRE
NV RRICERE I E DT EHH

7- (Photol3-2) .

iv ) G & 7= 2k Bl 42 0 A
SHMENE R0 ZLTH
WEADDE D %4 U 7= (Photo
13-¢)

Ih5DAEE LT, B&EL
RAERDIEFL, 4FHORY)

(a) Dry field condition

ol
-

(¢) Clogged by sand and Baker's garlic

Photo 13 Test run of experimental digger (No. 2).
p



DHEREL 2 72, 7L —2DRMERIOBOFRH 27T LAY, EHEKLw
DEVIREE TOMBEDIE L OBRE A BRI TE 2 E - 72,

P EORESRZBU T, 5HRERT v ¥ 3 VI BISBITIREMERICELD TraELYT 2
t&<ﬂ%?éfb,%@#%%ﬁwiéﬂﬁéﬁ?ék%25ﬁ,ﬁﬁ%iﬁ$%@%<
DIFRTNEMESEEL CVAI PR EL -T2, 2 ThH, MEAFEFEIIHRELT
W37, B0 AICEEL TIREOOR, YRS L CBREHOEH 2 L1220 TOR
BOVETHZEEZ LN,

¥, BRME1 SHISREAA9E LA - REL, RBRISOME D UHEER 12 30EER 21T - 720 AR
2 SHIE, FERIS0MHE 7 H & W &RE - RIEIZE D 2 D IENSLEO NI EE 21T -4 6
DThHb,

4 = =

TR A b5 v % 5 vV UEOMNAL & B e L TERER 7 v % 3 738
B) BORIES 1T - /20 AEEORIEEILRD & 50 Th 2,

(1) BRIEHIC £ 251E% 1, EBRMHCAK I L THL (B EED . 1R
BHIRRETIE, B4 S HEEATTRETH - 7= SIEHIEBIRIE TIL, MRBEAOMRE L 2 b1 &
0 B4k % EAHEETH - 7.

(2) ARFROWI) HCIE, BRI O N OERANEETH Y, 2 2 TEESESV N DIEE
& B0 ARG O T & DRBERIRIT OV TR L 7,

(3) IRBEASEEL TV 320, MIRAIRG D JOEHH T 5 % 2 7 INKEHWIC & > THE
Th 3,



i

HoxR HBRIIEET 5 AR

1 3 L & Ic

7% g VHEEEE ML B EBR T - 4 252 2 L AAFEOHMNTH 5,

EX O 1EEDOH NLLL RIZ5 @ IR RS & /72 5 L T 38ERIE, T XTHEEE
TiIThbh T, ZZTHREELETE VW TvFx g7, 3, BEDLIZIAT v ¥ 3 VlALC
FATHLHEFELYUMEEEBLLL TV LW, L2 T 0T, (FEEESE) OFHIC
FoTHELIZHMT SN THE SN TV IDOPIERETH S, 22T, 22 Cid TUEAR
IZHIT 2RO LUMEDOHAHB L 0BG RV Z ) & L,

KIZATILEAREEMOMEREIZE L LT, ATORS TEE 5, WbWAYkNH{LE
EU, LIFLIEEATAHDGKEEEDIZ VT v F 3 VU0 & v, ATIEEAE LT A
EEMBE LURMMMITH B0 b= % EO RS DL (LUFHEY & 0F5),
INGAEHRL, BEVREIOVAEL B, WY TLE B BES, INSHEHOFEH
L350, HAVIIHDOERICLZ DN, SHILIIEEZEOEFICLIRENETLO N
BES TRV, T v % a7 OFAMMEEIEMIL SN T, BEOBT HREEICEEN % &
WWEEPZSNIBE, URBLOEL2 -T2 LIlEWT, ZThoOMBEE LS »IZL
THESMEFDH D, 22T, BENSLUREN2MHAL T, UHA, MHEHOITEL LU
PR & A, TR

B2 B HEIIONT |
EE R

2 RBREBHIU Ao

ik Il e

1) B & O i
LB B Fig. 35 i [
YT REEE LY » eyl _
S S | MCa | 2 @ e
. : Servo motor
57 vvarThy, i @ Displacement
% DI D IR I8y 1P | © o
B DOEERIRETH 3, . ) lfi_dic:(w;a;li egzad
&L, o—FELE , ® Load cell
EEERLZEENY FO
MEBBA Y F@H LT leldl AN
ERBTAIEEST, | e Ho—
Ay KRR 3 = flLatik
DFIE - EEEITI L Fig. 35 Experimental fixed knife cutting apparatus.



PERETH B, AEBRTIE, BEE~y FOIZHEO A v ¥ —H (A =19, UEt=0.5
mm, T8bo=18mm) ZELFHT, BHEF~y F®IZ2o0 7 Vo TRHET, T ¥ g O
s EHABE S G, BB KO, N7 v 7@QTHA FEh 55 v 7Q% BT
L EEL ThY, YA @b 0 — K E-sDIZk > T ETICEREI SN 5, FHA
X, SREEMEEH T v AG, UBHIEM A E o - FEA@IzE OB L, EEEX—Y L
I—F2kal, Bk, Ny FOBEIZL.3am/sThHh 3,

2) EEEFIC L AMT PV 7 HEREE  Fig 36180 b L 7 HIERB 2 EAKTORT, &
BB, F8BTHNIFHEE AR L 2L 0T, EEHNQELITIT 2z a4 v+ &
PALTILI A= EHAIWDAL v 72 g v E— 5 REL =, AN, REEHOEE
B AA-S@OTYR bV 72 PV I A—-5D
TITVY, K 4AB/REA L TIZEEERL 72,

R [EE T, BB 110 mm, B2 & =11.3° C%
HEL=12m TR IZ L 2 ¥ 2 )t FIFCh 3, z 6_4_
3) EERFHE 151 '3

|

(1) EROFEE & OIWTRFAEE & 3 UNHEAIR ! I
hOBRES / ¥ A THE L 720 % L TN .
@ Induction motor

AR & RO 2720, ROEREOEEL LY ) rorque meter
RIS TOM L, ZOUWE %A% > 74 (@ rotary knife Cf

. - -z (@ Tachometer
YERDITTEMLE, 2LT, I bEE & ciin
UINT R, UM ARBEL AR, BE, Z
NEDFREIZH-->TIE, TvyF 3 IHETY
FHUER L WD TR L -7 5, WEID R ER D B
e, BEMELT v F a3 VHARS LA Fig 36 Schematic diagram of experimental
B * H BV, rotary knife cutting apparatus.

(20 BEIEFC L AW F TURIAEA =0~60° FTI5® FOELEH, HROIFIEH
RIEKREE WL 720 F 72, UHWFEBLIBNC L AUIRTRI O EL 2 A 5720, TIA L =30°
ZowT, BED, PRIEKEBEIVESHEOUIL 2, 2h5ld, 1EROUMI & IHE
MOEBEEGR D, KEETELBBHRTHERSL 2o 72, 105 5 0IX25FRO M &
LIZHEEY) B R,

KIKEEMOAZE - R L AHEL AL D, Ly & —FHTE F10ERUIEE, V%
PFETIIZOE FHE L TURRERRI1205% & T0Bk & I L 72,

YIWHEFEA e DFHI AL, A8 Y T4 v F T 7 Iav ==L, Zhiiinik
WTHHEMES (HAYASHI DENKO%!, AAM— 5%, §/N5HHY 1 /100at) THHL - 72,
X—YLa—5DEsr5HHEW (kg - om) ODEHIZE ZOEREIIZ &5 7,

(3) EEEFIC & BUMTERBR ¥ THEEMO M - SR X BOHE b L 7 OB RS B 720,
FEE A I TIREDLDOSMTL 720 T v ¥ 37 L EEE IO HEEIL 40.6em/ s ( [AEEF60
rpm, 7 Uy 7iEEG6 lem/s) T, ETI0REZ 7Y v 7012 FILHBLE, 2L T, 20




FERERN LS TIIRE L, DR YIBTRLE A 5 0 RIERERT 10855 % TR O KBRS
A A TEIBRTOMEL, I bV 7 2WIE L 72, 72, EEEN % 2BEFT, @EOY)
WifE a7 D & & LEROER LIRBIO IR %17\, CIRTE L UIWF NV 7 OBfR &R 72,
61, PEEHIRT T v ¥ 3 VA EE%2.88~11.3 em/ s, [0l#E 58 # 32~188rpm
FCEESERZLI2LY, YTV 7B EPRIZOVWTHEEL 7,

PIEOREIZBT 27 v F sV OYMERBS L UL Yars vR—sititgtansz L7
thig 2 5 OUIRF AN F — OBEHIZIE, ANdo AEEFER Iz & - 72,

3 ERERHIVEZR

1) Bk IWHEHOROBIRIE, F—mfETH->TH, WAITE, W#HTzg Ik
B EOBRERMICE > TRECEE IR, NLPE, BIIEY, Bk, A%, WTR, bAH
BIUZHEL T b, —RICHETLEY, RESLCREFRL YOFFE, THRBIZIIRE L
THED, TNEOWIRE TEZFMITET 24-00HEL £ RE5NTNERBM -2
T, 7o FavBERENMOCL > TREEEZ SN BKROTED I bEE - #HEII VT
DHLTIGEdT 5,

Fig. 3TIERDFE L IBR L T 2 WE DK 1E D (um) & 55 1% Ds (um) % 95% O BRF5E faX f ¢
KL 72 B B Di(mm), S8 Ds (um) & HIZINHEAMFGIERL 2203 Tw s Z & Wb hd. £ 72, Fig.
38121F, B D EEDs OBMELZFRBRATNIORL 20O T, IO 5 H25H & 1
D 6AW0BIZOVT, ZOHMAEESRE LU TRL 2, Fig.375 & UFig.38%25, D,
L Ds DEFEEA DY, INFEBREIIZEZIZL AP -T, B% D, OMAIAERZ Ds ORI
HANRTRRPRELL L AEmMERL T3, 22T, NARWEDHEKEE -7 Ds/Di &
B Dy EOMEEFg 3R, 2hitkdé, £ D =12.2~30.2m D& T Ds /
D: =0.46~1.00D&FHI2H Y, D, O¥MIZEEZ2-T Ds/ D, RETHEHmMARD 5N
b, Thbbt, BEED OV EREIEMIIE D, ZHE TRRIZD XTS5 ~158k0
BRA/PDSVIBE, HICHEMALS/NXVY, ROEK - HEIZE L L > THIZHS - 2P F
BLIZUD, BENEEDOE Mo b0 EZ 6N, &, UEHMEZELT,
Ds/ D OFHfEIE, 0.75 (5 H25H) ~0.77

(6 H20H) DFEFIZ 5 - 7= o ]

2) AR 7% OREEL S sl o
Tk TOWT 2 HAORES OIIEOR  E Iy
[a] .

EHEIZIE, 7y X a VBBV TEEDS

nrEfESEC FEEOMAOHIEE R M Rs e
TWAEDHHIRTH S, LirF->THEENE 12

B REIE, B L2 HE CREBENIZITDbR i .

TWa, —frIClE, BODVA TR %, , & Néaéy Jugxe Jlir;e Jm;ge
NDETES TH-O%x ) 5LUKROFIGEL 24

WL 7~ THREID (M) 0B ), #FE L huns Fig. 37 lsjt;ga:'d Ds during the harvest



LTwa, =B, AL THAER,, A

. . *:May 25
SE, BEU Y, DEEALE, Foy  22f ik
s:June e T TN R
yEnAZ AT EATO ORI Slune2d o
PR - > - (=4 A o RIS SN . /
RThb, 22T, 056 RFEHE LA 16 eﬁ\ vay 2o
CURCE, ElICABE N ERE SRRE LTX E 14 /;/é:%ha-' T
BF 5. Zh5OTAKIKE SRROBRIME T12 et aT o
TOWEESELT, 22TE WO, 0 D N T une 20
HT, T2 b b OB ETH 20 L) POHEL .
HEAZEAE L 3, 2O &13, REEEbA 10 12 14 16 18 20 22 ZADI%r?]iS 30
2RI EO/IBIZEFAL 9 2EHT DL, & Fig. 38 The relationship between Ds and
Ik e % AU E OB HEET S LIZE S, D: during the harvest stage.
10 . °: May 25
[ ] ‘. 3 ‘AA? a A R .:June 5
o L] ae .
— 5 Mg A A a:juneld
@) oDy SN .-
£ o8 L T  June20
o’A A
& Y N L O
o e ° E
0.6 £ ° a, é\“AAg“. o s 4 A
AA ° A
e ) Sa y3
a a
04}
1, . e
12 14 16 18 20 22 24 26 28 30
D| (mm)

Fig. 39 The relationship between Ds/D: and Di.
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=2.3~3.4mm, ds=1.6 ~2.5 mm
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Fig. 42 Symbols of form.
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Fig. 43 Examples of recorded cutting resistance force by X—Y recorder.



(1) A EOWHEITH ¥, Fig.4312X —Y L 0 — ¥ S h - U o kT
2UWFAA =0, 30, 60° I2DWTRT TIRENTIE, EBROIFIFDHRIERETH 5, 20 &
O RS 5 BRUIBTE DT/ C max (kg), HHEW (kg « em) 5 & UK 2 BEHNE (kg) 43K 1O

Table 12 Forms and permissible cutting lengths (1978)

Date May 25 June 5 June 13 June 20
weasured | Dy Dg ) By Dy | By Dy Py Dy
Dy Mean| 16.5 16.4;17.7 17.1] 18.9 17.9| 19.7 18.6
(mm) S.D. 2.4 2.2 2.5 2.9 2.7 2.8 3.1 3.7
D Mean| 12.5 12.6; 13.4 13.1| 14.2 13.1 14.9 13.3
(mm) S.D. 1.2 1.6 1.7 2.1 2.0 1.8 2.2 2.3
lmax Mean| 31.5 30.5| 31.2 29.3| 31.4 28.5]| 31.9 31.1
(mm) S.D. 2.3 2.3 2.6 2.9 2.7 2.5 3.1 2.3
lO Mean| 29.4 28.3 28.7 26.2| 28.9 25.4| 29.5 27.8
(mm) S.D. 2.2 2.2 2.6 2.9 2.6 2.6 3.0 2.3
lmin Mean| 27.4 26.2| 26.3 23.0| 26.3 22.3 27.0 24.4
(mm) S.D. 2.2 2.2 2.6 3.0 2.7 2.8 3.0 2.5
S Mean 4.1 4.7 4.0 4.2 3.0 3.6 2.8 4.1
(mm) S.D. 1.5 2.3 1.3 1.2 1.1 0.8 0.8 1.0
1, Mean| 1.2 1.3| 1.7 2.3| 1.5 2.1| 1.8 2.9
(mm) S.D. 0.2 0.4 0.5 0.8 0.5 0.6 0.4 0.8
lS Mean 3.0 2.9 3.2 4.0 3.6 4.0 3.0 3.8
(mm) S.D. 0.6 0.6 0.7 0.9 1.0 0.9 0.5 0.7
L Mean [148 139 160 143 152 141 152 159
(deg)sS.D. | 21 26 17 27 19 25 21 21
R Mean 6 4 6 4 8 5 8 5
(mm) S.D. 2 1 2 2 2 2 1
dr Mean | 10.7 7.4 10.3 8.0 11.1 11.2 8.1
(mm) S.D. 2.0 1.4 1.6 1.1 1.9 2.3 1.2
dS Mean 7.5 5.9 9.7 7.4 8.8 9.7 7.2
(mm) S.D. 0.9 0.8 1.0 1.0 1.0 1.7 0.8
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Fig. 47 Schematic diagram of cutting with a fixed knife.

Table 134, Y and Ic

1 (deg.)| © 15 30 45 60
Y (deg.)|19.0 18.3 16.6 13.6 9.8
1, (mm) |18.0 18.6 20.8 25.5 36.0
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l.O’—‘ .
0.8 Crax/A , Start Smin. 15min.
- r .l . ° . ® . . . o N
o.6p * . et et e es. .
o ° oo 09 00 o @ * ° ©°e
0.4} o ° o ° 0, ° o o © ° o ° . o
\e o e .
0.2t W/A
O . . . ’ .' *
E 0.8l 35 min 65 min. e 125gin.
. o o .
X o e * ° LIPS * ’
S o.6le”, . . N R .
~ ° *o o ° o © oo °
(>é0.4-° °o . ° e°°%°tooe °°°o °o L, o ° o % 0 .
=]
v 0.2t
"TE\ .
g 0.8 R 245 min. | . 425 min. 1205 min.
m ®
5 0.6 * e e 4 0 R ) . ° *e o . o P * o oo ¢ .
o ® 3
i 0.4 ° o ° °o o ° ° o ° . o °
= o ° % ° o ° ° o ° o ° °
.2 °
O' O [
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10

Specimen No.
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Fig. 53 The relationship between Tm/A and specimen No..
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Photo 14 Adhesives, roots, skins and sand attached

to the rotary knives.
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Table 14 Motion analysis of operating for washed Baker’s garlic
(a) Traditional method

Therblig symbols

Working element Left hand Left Right Right hand
hand hand
Grasp the cut off G TE Transport empty (TE)
bulbs toward Baker’s garlic
A, ETransport loaded (TL)

Grasp the Baker’s TL) toward box

garlic and trans- the cut off bulbs)

port toward the Hold the cut off H G Grasp the leaves

fixed knife bulbs
(Release the bulbs) (RL) TL Transport loaded toward
Transport empty TE the fixed knife
toward right hand
Grasp the roots G P Decide the cutting point

of the roots side
Release the roots RL TL Cut off the roots side
at the same time
B, as cut off

CU} off the Bak- Grasp the bulbs G P Decide the cutting point

er’s garlic at the leaves side
Cut off the leaves TL RL Release the leaves

at the same time as cut off
(b) Experimental processing device (No.1)

Therblig symbols

Working element Left hand Leoft Right Right hand
hand hand
(Transport empty (TE) (UD) (Unavoidable delay)
toward Baker’s
FA garlic) /
Grasp the Baker’s (Grasp the Baker’s (&) (UD) (Unavoidable delay)
garlic garlic)
Hold the Baker’s H TE Transport empty toward
garlic left hand
” ! G Grasp the bulb
. Hold the Baker’s il TL Transport loaded toward
B, , garlic the clip
Put the Baker’s ” ) P Position the bulb on the
garlic on the clip guide plate
” ] RL Release the bulb

7v¥3

el
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Table 15 Required time of working element

Required time (sec)

Mean S.D
: . r
Traditional Working element A, 0.70 £ 0.21
method Working element 'B, 1.00 £ 0.45
1 cycle 1.70 £ 0.44
- oy

Processing | Working element rAJ 0.73 £ 0.38
device Working element BY%| 0.81 + 0.17
(No.1) 1 cycle 1.54 £ 0.38
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Fig. 60 Experimental processing device (No. 2).
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Fig. 61 Cutting efficiency by the traditional method.
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