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MECHANICS OF CUTTING PLANT MATERIAL

Tabla 6. Cutting energy and cutting force for biologicsl materials
Calculated from data in Chancellor (1987).

This table contains data from tests with very different types

of cutting devices, performed under different circumstances,

as shown by the axplanations below. The data should, therefore, be
expected to vary. However, a thorough study of the original reports
may make a reducrtiza in the variations possible, if sufficient data
have been revorted. Such an evaluation has aot been dooe for this book.
The variables, used to represent the cuttinog energy and cutting force
have been diecussed in Chaptar 6. .n order to convert the presented
data to other, cften used, data the following conversions can be done.

Cutring power POC = 100G * ENCSA ¥ (MAT / 1.451 / LLP, kW
Max. cutting force FOCMX = FOCSA * AES / 1000, kN
Spec. cutting energy ENCS = 1000 * {ENCSA / 1.45} / LLP, ki/kg

where MAT = capacity or throughput in kg d.-m./s
LLP = particle leagth tn mm
AES = solids cross-sectional area mm?®
=1000 * MaAL [/ 1.45
MAL = wass per —-1it length of cut layer, g d.m./mm or kg d.m./m
3.6 kJ/kg = 1 kWh/Mg = | KWh/tonne.

‘The specific ensrgy value ENCSA as reported can be calculated
tmast easily for forage harvesters. [t can, however, be usad also for
mowers as shown in Section 6.i6 but ir is not certain that the values
in Tabie b have been calculated in this wav. ENCS5A-values for fieid
rests of mowers from Table b should be used with reservation.

Explapations
Devics: THSB = forage harvester, skear bar type
HM = hay mower, sickle bar type.
FTM = {lail-type mower
FTC = flail-type chopper
Type of test:
Li = laboratory test with laboratory equipment
LF = laboratory test with field equiptment
FF = field test with fieid equipment
Notes: a/ includes air movement energy

b/ maximum force in N for hay-mower type device (HM)

¢/ average force based on 41 percent of stroke in active
cutting, according to Keprer {19520

d/ inciudes acceleration energy

Material Maisture Energy Force Force Davice Test Raf.
content ENCSA FoCsa FOCSMX
percent J/mm? N/mm~ N/mm See See See
w.b. .7 above above below
Altalfa 6-10 0.067-0.100 - - FHSB LE 20
15 ¢.063 4.90 8.1h/ HM LL 1
5-28 0.093-0.212 - - FHSB L. is
15 0.188-0.240 - 4.9-1.9 Slice 1L 1
15 D.109-0.117 - - Saw LL i
Z0 0.042-0.071 4.95-11.0 J.2-16.5 FH5B ir i
28-6Q 0.029.482 - - FHSB S 10
42-69 0.049-0.111 5.70-5.60 - FHSB LF i4d
43 0.074-0.076 i4.3-18.2 30.6-42 FHSB LL 12
34 3.480 5.53 19.5 FTM LL 35
56 0.06%-G-115 - - FHSB FF 21,22
- 53 ¢.065-0.074 - - FHSB LF 13



APPENDIX 1: CHARACTERISTIC DATA FOR CUTTING

Matertal Moisture Energy Force Farce Device Test Raf,
conteat ENCSA FOCSA FOCSMX
percent J/mm? Nlmmz N/mm See See  See
w.b. b/ above above below
63 1.600 - - FTC FF 41
70 0.009-0.048 - - FHSB LF 17
2 0.067-0.130 - - TSHB FF 9
73 1.275 0.9% - FTC FF 40
T4 0.175-0.234a/ - - FHSB LF 7
73 0.137-0.190 - - FTM LL 36
7 ©.850-1.350 27.3-43.3¢/ 11-17 ¢/ HM FF 26
77 0.027 15.2 2.7 b/ HM LL 29
- 0.162-0.647 - - FTM LL 29
I 2.730 0.9 - FTM FF 26
Typical 0.082 9.3 i
Range 0.009-0.212 4.9-18.2 1
Range for
FSKEB 0.056-2.102
- 0.130-1.185 Slicing 1
Carn 45-70 0.043-0.140 - - FHSB FF 8
oG 0.045-0.220 - - FHSB FF 21,22
be 0.086-0.093 - - FHSB LF 13
71 0.162-0.252d/ - - FHSB LF i6
7 0.052-0.113 - - FHSB FF 9
T5-80 0.066-0.130 1L.0-3.0 - FHSB Li. 19
Tz 0.030 2.4 25 b/ HM LF 27
82 0,032 1.6 4.9 b/ M LL 29
33 2.750 - - FIC FF Al
87 1.950-3.000 52 - T4 ¢f £5-31 ¢/ HM FF 26
g7 5.270 - - FTM FF 6
Typical 0.075 2.5 - 1
Range 0.030-0.140 1.6-3.6 1
Range {or
FSHRB 0.055-0.130
Corn.sialks
Corn.sialks  19-27 0.0360.075 - - FHSB LF 18
stalks+
+ears 22 0.021 - - FHSB LF i8
ave 2.75
range 0.1-4.5
Red clover e 1.325 - - FIC F¥ 4
Timothy T 0.097-0.107 - - FHSB L 11
54 0.023 3.5 2.4b/ HM LL 1
Ave 0.065 7.5 HM 1
Ryegrass 75 0.023 0.64 - HM LL 31
Mixed hay h 0.300 10.8 2.5 b/ HM FF 25
Grasses T4 1.100 - 7.9 FTM LL 37
T4 Z.050 - - FIM FF 33
Sudan grass 70 0.887 - - Frc FF 40
75 0.158-0.244 - - FTM LL 36
Wheat 41.5 - 13.8 5.7 FrM LL 35
Qats T4 0.960 - - FTM LL 37
0.188-0.375 - - FTM LL 29
Rice straw 14 0.072 4.6 21l of HM LF 30
44-65 0.062 53.3 14 b/ HM LL 30
71 0.092 6.1 28 b/ HM LF 30
- 0.150 2.7 Sickle 28

Ave 0.077 8.8 1



Material

Rape
Soybeans

Sunflower
Sugar beets
Tobacto
Fruits
Dauglas fir

Lodgepole pine
Sugarpine,cross
Jparaliet
Wood, ave
ave
range
Meats

Moisture Energy

content
percent
w.bh.

78
81

81
mn

£3-93
5

A

10-82

ENCSA
J,imm2

0.480
1.885
2.040
0.260
0.455
031

$.025-0.050
0.336

§.223
0,160
G.028
0.068
0.280

0.053-0.125
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MECHANICS OF CUTTING PLANT MATERIAL

Foree Farce Device Test Ref
FOCSA FOCSMX

N/mm? N/mm See See See

b/ above above below

4.8 6.3 FIM LL 35

- - FIC FF &

- - Bandsaw 45

- - Helical 21,51
739 7.3 FTM LL  133,34,35
- 5.0 Wire 56
4.7 |

- - 57

. - FTC iF 1

- - FTC LF 39

- FAR} knife 2

- 15 knife FA

. 170 ./ sawing 1

- - chipping 1

26-687 sawing H
- - 57
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