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7o E13 525 rpm. O TH - fo, Ll ko bl
CRTHLBEYEETDE, MibbOUK TR
I 7¢ I 81T 500~800 r.p.m. TH b, FIWishER
BIEREDME - T3, OF LR
OB ABRMC U TLHEERLER L CIRE LR
e b L, Bk by vy & — Tk EjE
NEBLEHELLL1D, BEMBLGCT> T
T84 EE RV JNC R E Ue i A /e big v,
B3IH F—Fr— BLHETIEGEEEDOHE

A —F v — FRAEL 5580 OBEOEREY
7-3 Wiz, B & G E ) & OB R
bbb TOBEREIEUL TV, B EARE
BT fb b L D LK<, 750rpm. fiE L b
LRSS S AR H D, b 7T
r.pm. DAL H 925 rpm. DFAL LEESY
RLTWB, > ThibBbIET 2 T-1 XKD XS
VORI & ER AR T o L REE T
Bk o s cEH il b,
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15vOHNTEFYI R LILEBE TOER Y AR
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P.S.—1.125=0.0699 ¢*3x10"'¥ (7-6)
HAMMNE - 1256 TLHMREE T ch Lo
B, ERXD ¢ i Eb 3 OLTHIR—EE L
T, o Ta, bXHBEHEOTTEINED
HECLAHELZTRVEREEZLL RS,
FBAH FUPA-VILHITIRNEGEEEORE
TV b —VOBBEITARKRENS L5
I —F v - VEFRRAYRUEEYRL TS, A
YW FTEE B J31k 400 r.p.m. FF3F 7> & 700 r.p.m.
M & TUkFR A EBALD 2 <, T #9000 r.p.m.
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M CEEOCHEY ST A LRI LR
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BEEEINOWMMC LA LI RECEELSLOD
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HBLFN BB E o B O T e B R A
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BI85 2 ¥4 35 A L YI B BT % s & U1
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DR REL BT ERE T, KERD
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8—1% FA7OBRELYKMBIOEMELE OBK (7 3 —)

B = B (mm)

a = 0 01 0.2 0.3 04 05 0.6
30 ¢ 100 150 187 213 234 252 266
15 ¢ 100 164 189 206 220 236 250

0 100 147 170 189 205 221 236

15 v 100 162 186 205 220 235 950
30y 100 152 182 208 229 248 268

¥ 5 100 155 183 204 222 238 254
= 55 28 21 18 16 16

LTkRBZETHS, BETHIEREEOHEL
FHiC B THEECHE b, HABREL EOER
CENIFZOURBI~OBENF LTS -
ETHDB, TOBEERLY Iy 213K, fLOF
WAZEE~TDFAT7 27 va vFETEWVT
L, BREDMCRTAME - L EOMiE RS S &
Wz b, 8 2REFICHRL IDHEIT, YN

P

EH 83 BB & OURIIRE

BEE8—4 01mm BEFER O JIRTRE

EBNOMEmMESY 8-1 B TRT, BREOEEL
FRES I EOBRI N LB R < BT /e
> T B, > THHOBETTOREVERN (09
PR/ OWEINE L > TRy, MPE OV e
W1sce ZUr 16 v mHEMEBTIRE L L » T B,
0.1l mm FEFEOHEGHF /B E L 0L 55% O
MeicoTwaBA, 0lmm £ h 02mmicES &

BE 86 0.6mm EFEHTIERE



¥128% s> TR ABIENSLIEELLRBR,
01mm ¥ COBENBEE R EAHINTWE,

BH 8-3 X b 8-6 ¥ CriEERERE IR T
RiF+ BB RT L ©C 735 rpm. DIk
15v DF 4 7 THFIBHA L0 01, 03mm K
0.6mm EH LB TOLHITH 5, 01mm
T ERTME X 51525 0.3mm OFEFECE
B EMYIE N TR D, 06 mm iIZE - CTiLE b h
T WORURFRA FRABZENTE R, B
g, YIRS LT 12 TO N5 i f
BEOELRZZLNTESD,
B3 KENSCHITIEBER
REPRLHFER L COEBRERY S3HEWY
8-2FRITIRT,

FYra—- VOB LOPRL Y IOFTERE
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83 WBFEEYKENE OBE (RENDS)

FIDAREV30c RN 15c OMF TILEFEEE A
YEINT D CREVERR, OV ERE OB
Mg & R T EE A DK LT, KREA bk

8—2% FATOBERELUNBENOHMMELE OBE (KEH5)

B FE BE {mm)
A B 0 0.1 0.2 03 0.4 05 % 06
30 ¢ 100 124 142 157 176 191 205
15 ¢ 100 128 150 171 191 209 226
0 100 112 139 152 164 174 182
15 v 100 130 150 163 171 178 181
30 v 100 137 150 167 179 183 187
¥ - 100 128 147 162 176 187 196
. 28 19 15 14 11 9

R RER AR L 15v k30 v oYK Tk
Fvka—voBs LEUOREGRIC, Tk,
BN ORI E 2> T 5, 52
DB ORI T 82K AR
O BF R bITEBS 2 ET 5 30c T
o 0.6 mm JERE L /oW OIRHIE IR 1L 2.05 fFi2 7
STk b, D TEL15c oXNE Tt 2.05 52
FenTk b, DWTEW15c DX Tik 2.26 %
ZhicoThwad, ChEXLTRERRABTCLH
5 15v & 5k 30v i 1.81 f2 R0t 1.87 o i
ik Z b 0.6 mm EEEL7cFR2 30v g 3PS i
LT 30c it 47P.S. T, i 157 {24 OFERE
Hh, NERARABERELEZ2 5N 503mm
BEEMEO3TPS. TR LT #HEIL27PS. ©

137 E LT b, UmEREGFOE L -
T, ZOERERLBLZELELLRLH,
HALEXE L TR TS Z SR REN LR
DHRIMOBEENFICERIND Z L &R, e
LEFE LRI AZENFE LB 2 EARE
T,

55 2 DRI O T BEEEIE o B L
TIEBENOMIMEN T v b2 - VEKX
ZETHD, B2EKDEED L EEOHE FR
DLSKCHMZ L > THEENRRIcH 1B, FHL
TEZ D BT ESRTH D, KED
EHE 2D AR LM Th S, Shbofick
WTh, HLEGIEEADFNBMEOGTRTY, #
FUA B ARt U 0.1 mm JERED 54 o B H 85



76

Rix7F v ra—~voBEEEE Ly, bdo
MEF v ba—vEiofrs0EL, HYEYO
MHoRCFERTZ 3laTths, 7=
— VO E FTEAHR (KEA DI L0 04
LS SN BT RSFE I FCEREIN D
R L TRENRLD X S RNEMEE*HU 5D
DI L > T h A EHESE T 2344
ZOBRTIXERTH B, WL R 5 Wi
TEEE TS DRI L 0, T hD DO ENE
WEhbZ LRI RFEEZLNDLEIATH D,
F2ORAE LT RES UM S o ibet (5
CEZHNOHE R TET LN WZEREFA4 7LD
HHC iR & % 5 &I HE & DRl EEEIT A T
AP, TV EFa—vOBRIEBIENE L ThHE
LOBIEFOCHLTRKELD OB/ EERE
DL D KNEWIIED I AICEHTH b, A
HYRICEE L CO%E 2 RVEBHRIE S #LTh D &
CARFEALTHWAZ ELHEIND LI AT
3,

HMNENEFRE LB & omPumoRER AR o
HEBCIDE>TE, TV Fa— T AR
BHERICB fR7e <, BUCHIRI e MU BRI X
DY o T B8y, KEMN B TIEHN D
MR Ly, ERMMOEA AR > T %, Bl
HEFI I B\ THL RB M A TR A S TER
HICEN 5/ L CRIFRIMATET v b a—
VOB L FEEO R CREEE ORI L TR
PMOESGHE T LT A2 E0B 5B, - T
REILIY L TEERFC ST N O BREA
etk =3B b L TL B,
g8 ¥ &

AL R ERR S TR L U EL L
BRICET 5 RBR & (T - o R NG o BEEEM
LM FETLZOREMO 01lmm FTTH5H
CERBERTERK, o T4 7oL
DREOEFENSHE 2 LLANC T 5 2 L BN BE T
5,

FIFRD BEFRET I % Y1k DR R (335 Ui 4 o R
AT LD EADL0T, RLEELHZT
% ORI A oM B OB A TH B, KE
BTl b bt oW TOER ATt hs » 030

o
' fod Ay —
Y50 Tp
Ty 3940

12N

=]V
] fa

98
%'ﬂfd

0%

00 200 400 600 800 1000%%,

84 41 7BRAEOYME K
RizTHE fbb)

HOLOHFEEDHEEIR LM AbhLZ &2
HEINhD, BT 2BBEPNRNO6N Iy 2—T
DEFLOERE AT s - o iR % 8-4 KTk
T RETEMAAN 200 ONHAFEA LIBE T
BB, GRLKOFEHNLLIENTHEDKE
LT, 0.16mm EEHEOBAIL 163 ENHEL,
0.3mm BEOEASIL22ENEZE L T W5 2 &
I OREBELTITLOTHE, R ARERIL Yy —
Y 2 ERBEHL T ABATEOUMIES AR L
TWTends, Filids BT k13 5 8RB o UIkHE I
BIETHENBEE LR GCHD 2 ENTE
3bDELTHEEETITRLLE,

EFEC X A VRSN R BRI 0ER 5 1 R W
WHHE AN S Y % o & O 5 KB oI
LB DDIITE 2 RV IA H U A R
FHRLTOZHNE EHToOm® Ltk »r1 7 &
FRNEORICHZE Y, BRBEOMMAEC &
LERTERCRERETH D, - OF 2 KB
I R o PR T, Uasd gl iliiEs & o
Lo Hbh g, f> TRERLSILEY
L ZF A, bbb v o - Vg S
5 HTHRELEORHEPNRL D LELBRB,

BRI 585 O SFE O DWWl R+
BB, FVvra—VvERENLOIELZONT
DEBLERE ) B AT, NI B
ERRSNE, TV o — vOBREINEDEL
WX AP A N B [/ B ORI nA 3



o o THHILBEE VBRI R+ NI,
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LbDTH DD EFEREEL,
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THIEXARELLLDT, Ld ZoEAIX
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POBERB - b D TH D, FLFLBEDXE
PAETE LG AR EREZCEAEL, ZOME
WEE A TH DB NECEE T 5 B O W BhAY
BRER-> T 5,

By & —OBEOYRIOEMEL, THEEOH
A OFTBUN TH > THW Tllkisv, b 2 BE
ERDH o7& LTHIBD T LS % b %108
Flewk vz z, ft-> THAOKRE IRHFOM
S RERAERS 2T, AEYHFELRD
PN L TH TN OB ORI N ERFEA LS
REBCHESZ LU BETHELEZORS, B
OB EH LML /NCT D & AL FE DN O Fi
PIHAA TR T T RET AIEA ML e B 7 ®,
a2 TRHANEYH E O TIisb i b 89N
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OB Oz v T X B4 R B IR E R R
BEERETI OIS, TONHCELLED
FEAKREAYETLLORMNOHBTH D, »
y F~ O LOFEEFEBFHO L LTENE
DO SMIT B\ Trk 1/32 PR T 1/64 )
BHE I TRABEWE LR THANIDX
5 7B TIL, Fid BB S O E LK o bk
WA T B VWETH D, (5 Z D
BIrE/NETHHERAEE Lb DO TED D05,
TEEEEHOBESEO S TIAU EERESIR 2
CLOEBEEYZEEINRTVWLLDOTH A £
bbb e T EERYEbhL 2 &
WS 20 ThwATHD, UHICE
DEE IO KM I B YR R T FE
HYKREWLDOLELZLRDND, BAY 15 X
D 30° ¥ CTEREMCELTCT Y Fa—-vREA~
F v — FERUM LR COWTOEEY TR
27z,

H2H EBEZR

9-1, 2, 3 [XNIBEA L UMER & © BRI BE T
b, WERUF v ba~viR L Ttk
DIERETT, 74 7IEBRNEHER LK LR
Bl CH B 735 r.p.m. OEHEERE OB EiIZDu
TOFERTH A, EROBERN Tl L Yl
I & ORCILERMBE R D 2 b D& FE 2 T

I,
PE X 35 0%E1CiT

P.S.=10"*Q(1.135r—9.1) (9-1)

L Q: HR#HE (kg
T B (E)

845 bh OB AL

PS.=107*Q (0.434r4+1.0) (9-2)
BB LTI 92 MofEREa2Eics 9-3,4 &
TIREND,

348 h Tk

P.S.=10"* Q (4.0284-0.0547) (9-3)
845 b Tix

P.S.=107* Q (0.0967+2.32) (9-4)
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9—1, 2, 3 #ALYKENE 0K

LRREEBRPEE 2 T EEANKTT S O
3K,

549 h Tk

P.S.=10* Q (0.097+1.99) (9-5)

Pk 3fokkg, BHACEE R LMITbh
T3 0FfEHLB T35, 5458 DJHETH
B, WEEa—VTlla—voRReekE il
EBLZFTTkY, WESHY ) OBERRY TH
b, SEEAD15° ORFO 1000 kg 24 h oUW
%100 & Lo & By 30° 1 L& O
OWMELEHRLcON-1%kTh o5, BlbBim
Pl LT 3580 o5& BT 28 %
OEJEMER L > Tk D, BbPiWEDS
SE Y OF/ETH 125 LT 5, PERIN
Bl b BB BRGSO KR R E
THECEMBAOLE Y R L, UMb HE

-1 IR R BACYNEN

K R ig 9
i E] L
# i
WY O WER 5 | s | 150 | 300
PS| PS % A
b o 34 | 089! 249 | 100 | 279 )33
' °lg |o7s| 140] 100] 187
" o 048 | 056 | 100| 116 o7
038 | 052 | 100| 138
Fyra—v| 5 0.33 au'1m|1w 140

Hicfib b CroENnEFECE bR, 235, K\
Ta—vD1l4fE WHEOL3EELK>TEDY, k&
BT RS MR R ORENR b
NTWBEELBRS, ChbOFERL VEAD
FNE YIRS S TR E B RIT L, BAN
N B BUWEROE L D EFITH S Z &30
LA I Nnts, BEA L VNPT & W BE 3 5 Bl
BROBRCLALHCZOBERETE D™, i
BT 15° oA LT 35° O H11 40% o
BINARLTEY, A—F+— FTIL3° i b
EERIW L 2L S i L 9 e iE AR LT 5
ZERRLTWS, MR T 5 5 vl
WHEOMEAIN T, T, THHEE T P TITALED
B & FR & OB ALY A, A L, PRNTS
EENE W LT, 1=", 4=4 & LGS
ik P=2Wtan (4,44) &7 5 Z Lk EBEREh
TWAHLRTHLHY, ZoORICIIT A RphETh
VEDIWIL tan 7 AT D & R EBINT
HhH, LBAIEL Y OV P iiyilifs a &
FHUE cosa IWHBIT B & OHFTEL OB
THRBCEL BD, AEBRIREA 1 L 30°
OFPH TIT bR DT, EfRHy 2—DF
A4 7L ZO®ALOESZ ik, ZORBEN
TIRALCENTIEL T & tan 7 &G EPINBERCS 5
ELThEuenh, YMEIIL tan T BT S
EEZDHIELTE, ZEEHDIFEREFR
EhFEFEHLTL IV LT s,

kB LYMED L VLT v b2 — VORR
& DRI DT DB IR LR
DEFh ey, EMIBHLLDEMEEIRS,
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NYE BT b D EELDRD,

FEFEE T 0 BN 2 BRI L
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EORBIEDHTEHLOMBELELL, 20
BB D\ T OREBRITIT o Bieh - 1ot s
DOFRIT L B & 16° BMEC /B & NEOMHE I
W T LT v F 2~ vE2 UM 284, 25
Mg M 5B RBOEREL B b ERF
LIBELYED S hl, oSz T R
DfEfEP S D, HoTa—v, IRHLETOEH
ARRE 18° By T 20~22° MEAR R 7o b fid
LTRER/NEAEYL 2 15~18° Mk d 5
LDLEZLRD,

P OWMLS AN TAZENPEF LV LW
SHEEIDLTH, HMEDPHED B\ IXHEDE
Bk b fah 15° TR ET B s bIE%
DRI REINEWD ZENTES,

F10E KEOEHEFE
gEE & OBER
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T3, BFLZ0BERRBIEERN 0 0.091
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FLEBHT_ELMLEE LY, KOBHELY BT
HLENTE D,

1 754 &4 —AoEERO (GEEPL) &
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’ - yied Vil bin = tan @ tan § MNioe—r b
o m 1 S+mt 7?
! “« = aem? m mS—t S+)}zt (a7
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4 @ | STk S K—i E
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B OB OB OB
No. ’ 5 B =R ] RIS T 5 S 1 WD —A by
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7 l S = Ko ’ 287 = an+-bn ‘ \St=7 g H B
FNEE i ik 330
WIBAIEL L, B0 ofnofacd DI HE—HRINT 5, FLoDEOH T2

CH<, BEANKEVWHCHEETH D,

8. fEbbH, WE, Fvia—v, KEN60
4 FEoMERC DV, Flid b AR b U R
THA 7 OFEEMEOHELZITRH S BERY)
WiExharA 7 CTiifloMEr B 5Ol n
b, (AL 4 7 0oMEHENSIFMETH D)
moTMb AREICEL D & BRI

GO FERECHLTLELTH D L HHEN
éhé

LR L EFEEA R T AN R RET S
TN, RO BT BOGERE Y & T
LR, MIKTARERELH D, MEOHT
BB OB oo X b Al E =I5 2
ELELZLRBA, OAT—IGEBRAL TR Y
Mz %,

FE ORI > THIRHE - 7o 5 Hig o BB
BT 50550t r0fEx b LEBET 52 #
Flchsr, coORMCIOPBACETEZDLRS
TERFBOBBIRTH Y, B EH L 2 RE
Mz bITk 5P, BRI Y 17-13%

DTFRELAERINAFSBERNEEC X hRa
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(1) r=ae™ gIRICDNOT

AR ERRR VLR A o« DB TROE ¢ Ofi DK/
Vlofﬂﬁﬁ6ﬁ¢& L, &=~ AV}

m5+ WO D REBOhAR T AR L

MR TH B2, OMBCKROFHEY 52 B

DU ERD D Z LT 5,

1) a Offir 15° 20°, 25° 30° 45°, 60° & Li-
Bh cota=m i X b m Ok~ 3723, 2.748,
2135, 1.732, 1, 0577 k7t %,

2) t O{EHZFEBRFER L b #RE I 20mm O
BHTOWTEL B,
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(3) Se (h> X 0 ZANM F TOWERE) RO S,
U % TOREED 11y 2 —DRIROHET L
ML WIEEI DD, MO TN Ay a1
TR oS A ORI T s F—DBa
DxELL, Wb Se=40, S,=200(=195) % i {i
FTAHZ TR, BLAy 2 —pKE LD,
T FL TRV AER O RE LY,
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Pw//////

BR =200 | DR 5240
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AN DBEEBIVINS i THH G TH
B, XAMUTH Bk 19° THEAEEA- TE
D, MR LEBEBINTEY, TOFEMTO
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Experimental Studies on the Knife Forms of
Flywheeltype Ensilage Cutter.

Toshitami OKAMURA

Synopsis

A concave knife of flywheel-type ensilage cutter is exclsively employed in Japan, wheile the
convex type can hardly be seen. In Europe, however, a convex type is widely used. The
present investigation was conducted in order to clarify the differences between these two types
of ensilage cutters based upon a series of experimental studies of knife forms by practical
application method. A variety of materials-rice straw, beans stalk, sweet potatoes stalk, grass,
and dent corn, etc. -are the main ingredients subjected to ensilage cutter in Japan. Among
these materials, rice straw is the most difficult to cut and the knife edge of cutter becomes
easily defaced owing to the strength and toughness of rice firer. The main purpose of this
paper is in obtaining basic functional data for the determination of a proper curve for the knife
edge.

The contents of the present paper can be summarized under the following four items:

1. Experiments on basic functions related to the cutting performances.

2. Comparative experiments on convex-and concave type of knife edge.

3. Experments on tangential angle («) and shear angle (8) which are directly related to
the form of the knife edge,

4. Elements to be considered in designing a knife.

A brief description of the experiments performed on each item will be given in the above

order.

(I) Experiments on basic functions related to the cutting performances.

Experiments on revolution, wedge angle, sharpness of the knife edge, and clearance between
knife and shear bar were carried out in relation to the performaece of shear cutting by the
use of an 8-inch cutter.

(a) The revolution of a fly-wheel must be determinined by taking the blowing performance
and the whole efficiency of the cutter into consideration. But when the performance of shear
cutting is considered, the revolution of a cutter head should be lower than a given limit. When
the revolving speed of a knife is too high, it generally results in unfavarable operating conditions.
Experimental results showed that the noise in cutting and beating increases and the required
horse power for cutting also increases, when the revolution is increased beyond 900 rpm. In
this case, the face of the cutting object shows indications of beatcutting rather than shear-
cutting and the cutting efficiency does not increase by merely increasing the cutting horse
power. Unfavorable cutting ability was also resulted by a speed lower than 500 r.p.m., and the
preferable speed was found to be within a 700-800 r.p.m, range.

The functional relationship between revolution per minute and the cutting horse power
can be expressed by the following experimental formula:

P.S.—C = g, ¥+ a,eb=V
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where,
a, az b, b, and ¢ are constants to be determined by experiments.
N=revolution per minute
P.S.=cutting horse power

When this equation is applied to the cutting of rice straw and orchard-grass, the first term
in the right-hand side is nullified.

The value of ¢ depends only upon the form of the cutting edge.

Concerning the wedge angle, experiments were performed on angles between 16° and 30°,
which revealed that the cutting horse power is largely dependent upon the magnitude of wedge
angle. There is an approximately linear relationship between the wedge angle and the cutting
horse power :

P.S. =10"*Q(ar—b)
where,
Q=amount of feed in (kg/hr)
r=wedge angle
a and b=constants

In the region of the wedge angle employed in the pressent experiment, 7 can safely be
replaced by tang ¥. A remarkable influence of the wedge angle was noticed in the cutting
horse power of rice straw, which is most difficuit to cut. When the wedge angle was respec-
tively 2.79, 1.16, and 1.87 times as much as that of a knife with a 15° wedge angle for rice
straw, orchard-grass, and dent corn.

Before clarifing the effect of sharpness of a cutting edge, the sharpness itself must first
be defined. The sharpness is represented by the thickness of the knife edge in the present
paper. Since the thickness of a knife edge can easily be measured by the aid of a microscope
with a magnifying power of about fifty, the method of defining the defacement of the knife
edge in this manner may be regarded as a simple and a proper way. The experimental cutting
blade were prepared by artificially grinding a few knives so that the defacement of the cutting
edge up to 0.6 mm were produced. It was shown through experiments that the rate of decrease
in cutting efficiency of a knife is most remarkable in all material until the defacement increases
up to 0.1 mm— the cutting resistance of an edge with 0.1 mm of defacement was as much as
200% for rice straw as compared to results with a very sharp knife. The cutting resistantce
also shown a 50-60% and a 30% increase for dent corn and beans stalk, respectively. How-
ever, the further increase of the defacement of an edge showne comparatively little increase
in the cutting resistance (Figs. 7-1 and 7~3). Therefore, it can be concluded that the practical
limit of the defacement must be aproximately 0.1 mm for rice straw so that can safely be a-
voided. Actually among farmers, however, a defacemement of aproximately 0.1 mm is not
considered as necessary to require grinding. An edge of a knife is usually sharpened when
the defacement is at aproximately 0.15~0.17 mm, and in extreme cases a knife is used until the
defacement becomes as thick as 0.3 mm. Dent corn is easy to cut, and further more it is
believed that live stock prefer slightly crushed stalks to uncrushed stalks. When these facts
are taken into considerations, a defacement of about 0.2 mm may be determined as the practical
limiting dullness of a cutting edge.

(II) Comparative experimenis on convex-and concave types of knife edge.

A general comparison between convex-and concave types of cutting knife is rather difficult
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when the height of the shear bar differs. Usually, a cutter with a concave type knife starts
cutting action from the outside of an object and finishes on the inside. In the case of a cutter
of convex type, on the other hand, the cutting process is generally in reverse. The former
process of cutting may be called as a cutting of embracing type. The angle of rotation nece-
ssary to complate the cutting is usually smaller in a concave type of knife edge than in a
covex type. These two points are the main difference between the two types of cutting knives.
Generally speaking, the small portion of the cutting end is the most difficult part to cut, since
the object can not bear the cutting pressure. Therefore, the difficulty of cutting is usually
encountered at the inner end and the outer end of materials respectively in the embracing type
and pushing type of cuttings. Since the cutting efficiency is easily lowered at the outside por-
tion of the knife owing to the defacement brought about by a large circumferential velocity,
and since the clearance between knife and shear bar can easily be opened by even a slight
loaseness of the flywheel, the cutting at the large radius of a knife can be understood to be
generally inferior compared to the cutting at a short distance from the center of rotation. From
these view points, the embracing type of cutting may be considered as superior to the pushing
type. In the case of the embracing type of cutting, on the other hand the material has a
strong tendency of wrapping around the main shaft and other undesirable operating conditions
are also introduced due to a large frictional resistance between the side-face of the cutting
knife and the object to be cut. In order to clarify matters a series of experiments were carried
out in the prsent study with knives of convex and concave type with a=15° and 30° and with
a straight knife of «=0°. The curvature of the knives were »=e™*. The results obtained are
briefly as follows. ; '

(a) In the cutting of rice straw, the cutting hores power of a knife with a large curvature
of «=30° was always high eigher than that of a knife with ¢ =15° in both convex and concave type.
It was also found that a blade with a convex type of cutting edge was better when knives of
the same tangential angle were compared. Namely, the cutting weight per horse power per
hour was respectively 575 kg and 634 kg for 30 ¢ (concave type a=30°) and 30 v (conex type
a=30°) when the cutting length was 15 mm.

(b) In the case of cutting dent corn and orchaed grass, no difference was noticed in both
types. However, it was noted that a straight type of knife is inferior to a curved one.

(¢) The increase of cutting resistance is more remarkable in the convex type of knife
than in the convex type of knife when the cutting edge becomes dull. '

(d) A difference was clarly noticed in the cutting of soybeans stalk compared to other
materials. Namely, the horse power increases with the increase of curvature of concave type
knives and 15 v or 30 v showed favorable results.

(III) Expeaiments on tangential angle a and angle § of cutting knives.

The shear bar is usually placed at a lower height than the level of center of rotation.
Therefore, the angles of @ and angles of § do not generally coincide. In other words, the
value of § changes when the angle « is kept constant for one knife and the value of a has
to change when the B is kept constant. As a result, a cutting machine with an adjustable
shear bar must be used for if a general investigation concerning o and B is to be made. A
remodelled type of 6 inch machine was thus employed and the the height of the shear bar was
so adjusted as to shift =60 mm in respect to the level of the center of rotation.

Five cutting knives were the testinpieces, including knives of a=15° 30° 45° and a straight
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knife edge. It was found that the required horse power was always at the minimum when
the shear bar was placed at about 20 mm below the center of rotation regardless of the cutting
materials and the type of knives. When the thickness of the feeding materials is taken into
consideration, it may be concluded that when the cutting edge moves parpendiculer wise to
the cutting material it is most desirable. It may be said at this end that the shear angle 8§ is
not directly related to the cutting horse power. However, if the shear angle is too large a
slip of the cutting material occured between the knife and the shear bar sometimes results in
undesirable cutting performances. This happens most easily when the edge becomes dull.
Therefore, the shear angle must always be at least less than 30°. The relationships among
the position of the shear bar or the shear angle, the cutting length, and the standard deviation
was exactly the same as the required horse power—the position of 20 mm below the center
of rotation was most preferable for the shear bar.

As regards, the effect of @ on the cutting resistance of rice straws, the preferance was
found to be in the order of a=30° 15° 45° and a straight knife, even though their differences
were slight. Accordingly, it is concluced that the tangential angle a should be 15-30° when
the results of the comparative study on convex and concave types are judged as a whole.
Insofar as the property of anti-defacement is conderned, the tangential angle should be rendered
as small as possible in this regoin. The value of a thus selected is also advantageous to grinding
and adjustment of the clearance between cutting knife and the shear bar. However, the angle
a should be large for the purpose of giving a uniform load to the whole machine by avoiding
a cutting by impact. Consequently, the tangential angle must be determined in the region of
15-30° so that these contradictory requirements would fairy be satisfied.

(IV) Elements to be considered in designing the shape of a knife.

From the results obtained in the present investigations, it is concluded that the points to
be concluded that the points to be considered for the designing of the shape of a cutting
knife are as follows;

(1) The shear bar should be placed at a position 20 mm below in respect to the level of
the center of the flywheel. A

(2) The tangential angle a should be less than 30° and a value of about 20° is recommended.
The resistance be expressed by

P, = ccos'a
where,

P,=cutting resistance per cm length in kg/cm
C=coefficient of cutting efficiency

(3) The shear angle 8 can be taken as large as 45° when the knife is sharp enough. How-
ever, a value less than about 30° is preferable.

(4) For small type light weight ensilage cutter a large shear angle is recommended so
that cutting by impact can be avoided. However, as the usage of large shear angle contradicts
the requirements of (2) and (3), a proper judgement must be made.

(5) When the cutting of pushing type is employed, the possibility of the cutting material
winding around the shaft becomes less and the cutting resistance is also usually small. How-
ever, it is noted that the accuracy of finishing the machine governs the performance of the cutter
as a whole. There is also a tendency of the cutting resistance increasing when the cutting

edge becomes dull.
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(6) It can generally be said that a knife which shows a good performance in cutting rice
straw can generally be safely used for cutting any kind of material. In cutting dent corn,
however, a straight blade knife can also be satisfactorily used provided that the proper values
of a and f are considered.

As a result of extensive investigatings on various types of curve of the cutting knife
taking the aforesaid points into consideration, it may be concluded that the curve of knife

edge formed by S*=Kyp, where n= %and K=20, is recommeﬂdable for a 6 inch cutter with

the inner side of the shear bar placed at 40 mm from the center.

In designing the shape of a cutting knife’ the selection of the form can readely be made
by inspecting the diagram of torque distribution and the figures of the blade elements, as seen
in Fig. 17-21 and 17-5. The diagram of torque distribution is prepared by the following e-
quation to show the relation between rotating angle ¢ and torque T':

T=u.cCosa
where,
T'=torque in m-kg
u=length of the cutting edge in cm

The length of the cutting edge « in the above equation can sometmes be replaced by h/
sin B (h is the height of the material fed in), but a large error is often unavoidable. Therefore,
it is more reasonable to used s/cosf in place of h/sin B (s is indicated in Fig. 17-20). The
diagram of torque distribution is arranged by using the figures of the blade elements that
show the relation S—6@, S—a, and S—f, as seen in Fig. 17-23. Most of the practical form
of cutter knives can not exactly be shown by a simple curve. But the selection of the cutter
edge can properly be made by the aid or comparative examination of prapared torque distribution

diagram and the figures of the blade elements.



