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2.5 grunuganIaawuuan (V-Belt)
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Wewnarmdld wandedimnudwsafisamedmiunslde Jagaldvinwanaly fe
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2.7 N e BNavaBudUATIRAET
MOONKUY WazAMMTUEIUR1YY ﬂmm‘s‘mﬁﬂmﬁmﬂuﬁaﬁ

2.7.1 msduAlasiane]

Shear stress = R0 9)) (2.1)

(LWC x LTC)

ilo FOCSMX = Cutting Force Maximum Value, (N/mm)
LWC = Width of Cut, (mm)
LTC = Actual Thickness of Material Layer, {(mm)

ENCI =3.5x FOCMX x LTS (2.2)

\ile ENCI = Cutting Energy for One Cut, (N.mm)
LTS = Thickness of Solid Material Layer, (mm)

ENCSM = 1000 x ENCT (2.3)
LWC x MAAE

ile ENCSM = Specific Cutting Energy Per Unit Material Load on
Countershear
LWC = Width of Cut , (mm)
MAAE = Mass Per Unit Countershear Area, (kg/mmz)
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ENCS = ENCSM (2.4)
LLP

il ENCS = Specific Cutting Energy, (ki/kg) solid .
= Specific Cutting Energy Per Unit Cut (Chopped) Mass
LLP = Length of Removed Piece of Material Layer, {mm)
POC=ENCS x0.0613 (2.5)
ile POC = Power for Cutting, (W)
POC = ENCSAE xVLF x LWD (2.6)
dle ENCSAE = Specific Cutting Energy Per Field Area, (k)/m)

VLF = Forward Travel Velocity, (m/s)
LWD = Width of Cutting Device, (m)

D,/D, =N,IN, @7
e D, = Wurhugudnarwesyataddu, fimbudu wms
D, = Wurhguinanwasaadn, fimhuil ums
N; = mnndaseuvyesyaiaddy, imbedu seuseui
N, = sudrseuvesaiadany, fiwiediu seuseund

27.2 msfmanmusveasiewudild wWisuidsufuussitlédavgh
V =miN (2.8)

d o o ol 1 ' o
0] v = anudilunsen, iy wrineaud
w o & ' - v 4
d = anuniulunsan Gauenssuaslulinatumia
= U AJ L
ftansluiiadndunile), iiviaaiiu wns

- =l ] 1 =
N = AT, wmmﬂu JoURDUM
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2.7.3 nsAnnmYsEaniamvsaiowiang

Actual Output

- - - x 100 (2.9)
Effective Capacity Efficiency

Efficiency =

2.8 Ussinvvamnauy
v date o & w “ o ° u s s v Iy
ngnilaneasBuiniden suiie wansiunisiunvimghaun 1 venausy g
3 v ool v o o v v w v v o
uwsn wuade wghdu vaghuraduns Gudu winghuiaties uasndhunsailunghn
= ° v P o 1 d wva ' 5
finshantfifundhauanniigatulsandlng vildlarmdtu aedu deldaueay wie
a1 = v o 1 ' & 2 v
indevhanunTeaunmd wasndhauaiesndndelud umdhluana Cynodon 84ld
o, o« 1 o L ] = .r &/ = -
Wuemsdnd wagldviaunumgn wummnuwmw‘lumzqa Alfalfa  TIWUAULUILT wae

=l v oAl L7
e lnalAeaniu

2.8.1 Nejuwsn (Bermuda Grass)

v
o

L v dau v 2 & = ° v 3 [
wegunsniunghafidheazdudndesiuauiiu dnursAoutnuuu uasazag
a v o v ad o ¥ &y o W = é v o < v
034 Wi alAsINguvasd iy Inaaduldiiy uazaiuuuiy Suumnuuuseenunuaiiisinite
) =l s =i A’ ]
Tuasudnauns Tudeauvay vouluilvudng lwiididendy eludeudrmeu THugnidu
el Wy sumaven sunadniluauassne Ugnniussuauy aunmdnicy
' & A HAd v o a Y a
vgniuvmenaesdnd vieugnluiuiininins isaiedasnmsUgnunaguiiutesiuliliiin
Y o 4oy v N v o o = Y = v o
maNsvarevasiule niiiliawdsinisgualussavivunaniasziuge Jaeslanuamd
o v 1 [T v [ 1 v o &
Sawfznwiemiunangs uavamsaulageinn ssesmsdiammnzan 0.75 - 1.5 11 90

J’ = ot C‘
WUAY Aa3UN 2.11

U 2.11 nghuwsn

fan : http://www.darutraiya.com/index.html
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2.8.2 nejruaavios (Manila Grass)
v v g v X 4 o W da " - v 9 0
wnatieodiunghiudloseslny Wunghiitienvgniunn deulgviaunamon
o y o ’ < oW o
Yl WU auiniivn avandiniay @nassae anufisiems awuseaa uazuduse fivdes
du wazdrvudanduian Tulfvunaunan Aiderseu eeniidiwad asdalussos 0.75 -

1.5 i1 Tnediamnq 1 - 2 ani faguii 2.12

U 2.12 ngwnaties

i http://www.darutraiya.com/index.html

2.8.3 vajuaidy (Carpet Grass)

Y = v & a o YR v [ & v
wanadadunghaaduvasewim Ygndumlvluenieu uasiaudu Tund
Ussanm 2 - 6 fladwins dwiuszwuy uinginilungfwneiin Tuildiderseu Tusndssanu

: l’!’ ol - - ¥ w 5 [ 1
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1 - = v o L4 ar ] w <
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i ; http://www.darutraiya.com/index.htmt
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2.8.4 ety (Japanese Lawn Grass)
2 ot a o Y o ' o ] of a  a 2 ]
v lueSgdvlalddlueniou Liveuntu uasiuas Insiedgiulad nude
a 4 o o o g o v d ] a o v Y g
msintaudmaaums Wunghfisiluidn drduluwindesamtu wasdwiuozawds Tud
Weanty veuluSeuliiive Yenandu wariifiniasensn Arsdaludulszanm 0.5 - 1.0 12
o ar r ‘J

lngdianng 5 - 10 Y fygun 2.14

Ul 2.14 nehinju

fan ; http://www.darutraiya.com/index.html

2.8.5 v waadund (Polytrias Grass)
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o oa kv s W o a 1 Y 1 |
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Fudfa Jansluuvau ssnilvedinnasiUszann 3 - 7 wuiiuns n1siaugnsarussinm

& W
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A1)

Ul 215 wehwaduns
hn ; http://www.novabizz.com/CDC/Garden/Garden_Grass.htm
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2.8.6 vigjuviany
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n.1 nMsduanaTadavg

INAUNIT Shear stress

FOCSMX

Shear stress = —M—
(LWC x LTC)

\ile FOCSMX = Cutting Force Maximum Value, (N/mm)
LWC = Width of Cut, (mm)
LTC = Actual Thickness of Material Layer, (mm)

2 o
Shear stress = 64 N/mm’™ (§198891NNAREWIN N, M 46)
4 [] 24
MILSIANsEYnlaeIn

FOCSMX = Shear stress x (LWC x LTC)

= 64 x(305.8x2)
=39.14 N/mm

FOCSMX wamdy Alfalfa ifwiniu 30.6 - 42 N/mm. (819839 InaaKuaN N. Wi 42)

thaunnsitatum ENCI = Cutting Enerey for One Cut, (N.mm)
PINANNTT ENCI =3.5x FOCSMX x LTS

dlo LTS = Thickness of Solid Material Layer, (mm)

< ENCI = 3.5x39.14x 2
—273.98 N.mm

1000 x ENCI

INAUNTTF ENCSM =—————————
LWC x MAAE

§lo ENCSM = Specific Cutting Energy PerU Material Load on Countershear
LWC = Width of Cut, {(mm)
MAAE = Mass Per Unit Countershear Area, (kg/mmz)
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1000x273.98
305.8x3

— 289,65 %/ mm
kg

~ ENCSM =

ENCSM
LLP

INAUNTT ENCS =

dle ENCS = Specific Cutting Energy, solid (iJ/ke)
= Specific Cutting Energy Per Unit Cut (Chopped) Mass

LLP = Length of Removed Piece of Materiat Layer, {(mm) (819894990AANWIN

. nin 45)
< ENCS = 298.65
= 49.782
kg
JNAUNNS POC = ENCSx0.013

dle POC = Power for Cutting, (W)

- POC =49775%x0.013
=647.08 W

VINANNTT POC = ENCSAEXVLF x LWD

e ENCSAE = Specific Cutting Energy Per Field Area, (k)/m) (19839 nmauIn A,
Wi 44)
VLF = Forward Travel Velocity, (m/s)
LWD = Width of Cutting Device, (m)

Faty VLF = poc
(ENCSAE x LWD)
647.08

T 2.11x305.8



=1.00285"
5

= 60,172~
min

IMNAUMT V =miN

dlo N = Dutting Speed, (rpm)
d = Diameter of Cytinder Cutter, (m)

. V
A1 cuttine speed No=—
gsp 2 ]
. 60.17
2 x0.03058

N, =626.31 rpm
faifu Cutting Speed vauA3psiangi (N,) Wiy 626.31 rpm

- « Y Voot ) . e s
WesnniAaravgiidnsma 1 fe 2 w1 cutting speed YBABIBUNR

VINANMNT D,/D =N,/N,
d 1 ar 1

oo Dy = urgudnanseaaiaddu, Hmbeidu m
D, = uriuguinavesyataday, Imisedy m
N, = ArmSasevvasyaaddy, imbheth rpm
N, = Aamudievvsigaadan, ety pm

v b N,D

fadu N =—122

_ 626.31x0.1016
0.0508

N, =1252.62 rpm

41



] . o o ¢ @
AN cutting speed # ATILTITOVTBIYALRETU (N;)

INAUNTT V = miN

V =7x0.03058x1252.62
V =120.34 m/s

[ = 4 ar o |
AuumusEdnsmneenssasiavgiaaniuy

Actual Output
Effective Capacity Efficiency

x 100

Efficiency =

64708

= x 100
4103.35

=577
My Usvavsnmueainissiangh (Efficiency) Andudevas 15.77
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Table 6. Cutting energy and cutting force for biological matesislis
Calculated from data in Chancellor (1987).

This table contains data from tests with very different typea

of cutting devices, performed under different circumstances,

as shown by the explanations below. The data should, tharefore, be
expecied to vary. However, a thorough study of the original reports
may make a reducti=a In the variations possible, if sufficient data
have been raported. Such an evaluation has not been done for this book.
The variables, used to represent the cutting energy and cutting force
have been di-cussed in Chapter 4. In order to convert the presented
data to other, often used, data the following conversions can be done.

Cutting power POC = 1000 * ENCSA * (MAT / 1.45) / LLP, kW
Max. cutting force FOCMX = FOCSA * AES / 1000, kN
Spec. cutting energy' ENCS = 1000 * (ENCSA / 1.45) / LLP, kJ/kg

where MAT = capacity or throughput in kg d.m./s
LLP =2 particle length io mm R
AES = sollds cross-zectional area mm?
= 1000 * MaL / 1.45
MAL = mass per uvnit length of cut layer, g d.m./mm or kg d.m./m
3.6 kI/kg = 1 KWh/Mg = | kWh/tonne.

The specific energy value ENCSA as reported can be calculated
most easily for forage harveaters. It can, bowever, be used also for
mowers as shown in Section 6.16 but it is oot certain that the values
in Table 6 have been calculated in this way, ENCSA-values for field
tests of mowers from Table 6 should te used with reservation.

Ewplanations

Device: FHSB = forage harvester, skear bar type
HM = hay mower, sickle bar type.
FTM = flail-type mower
FTC = Nail-type chopper

Type of teacs
LL = laboratory test with laboratory equipment
LF = laboratory test with field equipment

FF = field test with [ield equipment

Notest a/ Includes air movement energy
b/ maximum force in N for hay-mower type device (HM)
c/ average [orce based oo 41 percent of stroke ln active
cutticg, according to Kep=er {19521,
d/f iocludes acceleration energy

Muolisture Enasrgy Forca Force Davice L
content ENCSA FOCSsSA FOCSMX

percent J/:I:u:|:|:l N/mm™ N/mm See S
w.b. b/ above st
610 0.067-0.100 - - FHSB Lr
15 0.063 4.90 8.1n/ HM L
5-28 0.093-0.212 - - FHSB ) &
15 0.188-0.240 - 0.9-1.9 Slice L
15 0.109-0.117 - - Saw i
20 0.042-0.071 4.95-11.0 9.2-16.5 FHSB LF
28-60 0.029-0.082 - -~ FHSB L=
42-69 0.049-0.111 500560 FHSB wr
43 0.074-0.076 14.3~-18.2 30.6—42.\ FHSB | & &
g sy o -2 7.5 FTM — i
56 0.069-0.115 - - FHSB FF¥ i
58 0.065-0.076 - - FHSB iF ]
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gﬂﬁ n.1 Cutting energy and cutting force for biological materials
1 ; SVERKER PERSSON. Mechanics of Cutting Plant Material. Agricultural

Engineering Department The Pannsylvania University.



Table 5. Observed cutting energy and power.
According to Wieneke (1972). Taken from several sources.

Table 5 a. For mowers

Variables as used in eq. 661
POLS = specitic power 10ss (for mowers)
ENCSAE = specific cufting snergy/unit field ares
EFC = cuning efficiency

Mat_rial field density (MAFAE) for the crop = 1.5 to 2.4 kg d.m./m?’.

Cutting POLS ENCS/EFC ENCSAE/EFC
device kKW/m kJ/xg kJ/m* tiald
Flail mowaer 056 212 .99
.Rotsry mows?r 2.34 085 201 g
osT T o o3 IR
tower-conditioner 1.28 044 08t
Conditioner 0.44 0.77 1.16

Table 5 b. For lorage harvesters

Variables as in eq. 6.59
POL! = constant power loss
ENCS/EFC = specific cutting powar/cutting efticlency

rytting device POLI ENCS/EFC
kW kJ/KQ
Flail harvester
culting and loading 129 324
cutting and putting 6.3 3.52
on the ground
pick up and chopping 79 413
i pick up and 7.2 435
chopping, a)
Fiywhael-type
harvester, b)
total 1.75 403
cutting 0 1.49

Footnote: @) wiltad hay
b) alfaifs. length of cut 12 mm. v
31]171 .2 Observed cutting energy and power
#3171 : SVERKER PERSSON. Mechanics of Cutting Plant Material. Agricultural

Engineering Department The Pannsylvania University.



- Fatary mower with counternhear, lawn mower (Matthias, 1977)

Kuoife speed, VLK m/s 5-8
Rotational speed VN rpm 680 - 1050
Forward speed VLF km/h 5-8

Forage harveste. 5, Mywheel typa

Number of knives 4 or b6
10
Width of cut (countershear), LWC, mm
455
totational speed VN rpm 1450 - 1500
300
Hlywheel diameter, mm 730
- Foraye barvesters, cplinder type
Number ef hnives, NOK
diam 330 - 460 mm &
diam 410 mm 9
range 6-12
Cylinder diameter mm
range 405 - 650

Width of cut (cou.ﬁtc—ﬂhear). LWC mr_n_
260 - 740

appr = length

Baiper 1955
Mengele 1985
[ & T 1984

1& T 1984
Mengele 1985

I & T 1984

Kepner 1978
Kepoer 1978
I & T 1985

I & T 1985
Kepoer 1978

1 & T 1984

Tribelhorn 1975

Clearznce LL.C mm 0.4
0.1 - 0.4 Joha Deere 1976
0.01 Crane 1985
Rotational speed, VN rpm 800 - 1420 l & T 1984
Kaife speed VLK m/a '
elevating 22 - 33 Kepner 1978
non-elevating 18 ~ 24 Kepner 1978
21 - 27 Crane 1985
Torwuid speed, VLLF km/h 3.2 -7.2 Kepner 1978
Feed roll speed, m/s 0.72 y Crane 1985
Feed roll pressure, N/mm Cranc 1985
froat roller,
thick layer 20
thin layer 6
rear roller,
thick layer 10
thin layer 3
Length of cut, theor. LLP mm
io - 3-6 Kepner 1978
max 25 - 90 Keapner 1978
recommended:; Kepner 1978
1 i 6
T )
hay 50 - 9r

gﬂﬁ N.3 Forage harvesters, cylinder type

11 : SVERKER PERSSON. Mechanics of Cutting Plant Material. Aericultural

Engineering Department The Pannsylvania University.
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Volume of fleld crops (Matthies, 1977)

Volume :::n:!lmz Average
Limits Average beight, m
Winter wheat 0.033 - 0,049 0.037 0.6 - 0.8
Spring wheat 0.038 - 0.081 0.6 - 0.8 ]
Rye 0.024 - 0.078 0.044 0.7 - 1.2 A
Winter barley 0.025 - 0.059 0.031 0.6 - 0.8
Spring barley 0.050 - 0.080 0.5 - 0,7
Oats 0.070 - 0.090, 0Q.072 0.6 - 0.8 ;
Winter rape 0.060 - 0.115 0.6 - 0.8 !
Silaga corn 0.038 - 0.072 0.050 1.8 - 2.5 1
Allalfa, fresh 0.015 - 0.043 0.038 0.5 - 0.6 Ist cm i
0.0158 2od cux
Red fescue 0.011 - 0.025 0.4
Timothy fresh 0.016 - 0.031 0.019 0.6 - 0.8
Alfalfa hay 0.015 - 0.090 0.090 1st
0.030 2nd

Alfalfa—grass 0.095 - 0.120
Meadow hay 0.010 - 0.110 0.070
Potato haulm 0.045 - 0.113 0.3 - 0.7
Sugar beet tops 0.030 0.2 - 0.4
Silage com 0.07-0.125 Kleeppel 1974

Plant massss and hending =138 fne—-

According to Matthies, 1977,
MC, percent MAL, mgjmm"" ME*MI N.cm?

Crass leaves, fresh 68 5-10 1-15 E-02
Ay dry . 5.5 165 0.1 -1.5
Grass stems, frpah &2 3 28 10 - 1000
dry 12 1.4 - 0 0.1 - 10
Wheat leaves, dry 6.8 1.5 - 3.5 3 -40
Wheat straw, dry 6.8 10 - 20 3000 - 10008

—— W,
*®: wet mass

Stem length, specific mass , and bending stiffoess for rice
According to Siogh (1974).

length weight MC diam stiffness
m mg/mm mm N.cm?
standing crop 0.81 a.5 61
top 2 -4 2-3 47
bottom 7-14 4 -7 272
lodged crop 0.98 5.9 49
lop 1.7T-2.5 16
bottom 3.5-9 112
average 0.6 -1 24 - 100

Specific mass variation in rice straw from base to top.

According to Singh et al, (1974).

variety It 14 to 4 mg/mm wet wt., 62 percent m.c,
2; 10 to 3 mg/mm 62
i 7tol mg/mm ?

Ultimate tensile and shear stress, Nlu:m:lz

tensile shear
O'Dogherty, 19813
Inmfnll’:ll’g\ i - F— o
grass 108 - 294 49 - 179
—idize (cocn) e —_—
6,5 -12
+ catton staik 231 - 41 14 - 20
rice straw 10 - 13.3
sunflower stem 2.8 - 8.7
¢astor bean staik 13.5

gﬂﬁ n.4 Ultimate tensile and shear stress
#17 : SVERKER PERSSON. Mechanics of Cutting Plant Material. Agricultural

Engineering Department The Pannsylvania University.
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Alg9Ie (Um)

SIMS

1. lasasafiamgnuuuiAuniy 1700
2. yiluiia (2 du) 890
3, i3eetnd 5.5 usah 3,600
4. wawad 1, 2 way 3 384 1,220
5. lutindin wun 2 fiadins 235
6. Botd v 6 i 250
7. AUy 980
8. manidu 263
9, LWANIHU 487
10. wdnain 562
11. wannael 458
12, e 590
13. auss 170
14. gnidu 900
15. AILINIY ((vane) 1,500

3 13,805

SINIFATLYINETIAT (U LABUBIMIAN W.A. 2556
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