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	ABSTRACT	
The	process	of	cutting	agricultural	materials	stands	as	one	of	the	pivotal	operations,	primarily	employed	in	harvesting	and	threshing	
to	achieve	the	necessary	separation	and	subsequent	fragmentation	of	plant	components.	Essential	fodder	preparation	tasks	such	as	
straw	chopping,	baling,	and	mulching	also	heavily	rely	on	cutting	processes,	demanding	a	substantial	amount	of	energy.	This	article	
provides	a	comprehensive	overview	of	research	factors,	operational	parameters	and	crop	properties	that	in�luence	the	performance	
of	cutting	mechanisms	for	 	crops,	offering	valuable	insights	to	design	engineers	for	crafting	suitable	incentives	to	adapt	to	crop	
variations.The	velocity	of	cutting	and	the	con�iguration	of	blades	emerge	as	critical	factors	in	crop	harvesting.	The	proportion	of	
energy	consumption	during	crop	harvesting	and	threshing	ranges	from	7.9	to	35.9	percent	of	the	total	operational	energy	expended.	
Cutting	velocity	and	blade	angles	directly	impact	the	power	demands	and	ef�iciency	of	harvesting	machinery.	Optimizing	these	
parameters	 can	 lead	 to	 energy	 savings	 during	 cutting	 while	 simultaneously	 enhancing	 cutting	 quality.Furthermore,	 energy	
consumption	during	cutting	is	closely	linked	to	bending	forces.	Sharpness	and	blade	material	composition	signi�icantly	in�luence	
wear	resistance	and	durability,	making	it	imperative	to	select	appropriate	materials	that	can	sustain	prolonged	use	in	varying	crop	
conditions.	High	power	requirements	are	observed	with	blunt	blades,	resulting	in	inef�icient	cutting.	Hence,	this	paper	is	expected	to	
signi�icantly	 aid	 design	 engineers,	 researchers,	 and	 other	 stakeholders	 in	 developing	 ef�icient	 cutting	 mechanisms	 for	 new	
machinery	and	tailoring	cutting	mechanisms	to	suit	new	species	and	varieties.	It	is	anticipated	that	the	�indings	of	this	study	will	
contribute	to	the	modi�ication	of	existing	harvesters	as	well.

Keywords:	 Agricultural	materials,	 Crop	 stalk,	 Cutting	mechanism,	Harvesting,Physio-chemical	 characteristics,Cutting	 Energy,	
Design.

Introduction
Cutting of agricultural materials is one of the most signi�icant operations and is generally used in harvesting and threshing in which 
separation and subsequent comminution of plant components are required. The main operations in fodder preparation and other 
operations also require cutting like straw chopping, baling, mulching, etc. These operations require a signi�icant amount of 
energy.Share of energy for harvesting and threshing operations of some important crops is presented in Table 1.

Table1:	Share	of	energy	for	harvesting	and	threshing	operations	of	some	important	crops

Source:	Sharma	and	Jain,	2019[1]

The proportion of energy consumed during the harvesting and 
threshing of crops varies widely, ranging from 7.9 to 35.9 
percent of the total operational energy expenditure (see Table 
1). Different crop stalks exhibit diverse characteristics such as 
biomass properties and signi�icant throughput [2]. Research 
institutions are actively exploring harvesting systems and 
equipment for cutting, conditioning, windrowing, and baling to

enhance equipment ef�iciency[3]. Physico-mechanical 
characteristics of crops play a crucial role in the design and 
operation of various harvesting, threshing, fodder preparation, 
and other machinery. Among these characteristics, bending, 
compression, density, shearing, and friction are pivotal factors 
in�luencing the cutting of  crops. These attributes are heavily 
reliant on factors such as species, variety, stalk diameter, 
maturity, moisture content, and cellular structure [4][5]. 
Conducting compression, blending, and cutting tests are 
essential to optimize cutting ef�iciency[6]. Additionally, 
mechanical experiments can aid in re�ining machine 
manufacturing processes and reducing energy consumption. 
For instance, comprehensive mechanics investigations into leaf 
sheaths for sugarcane harvesting can improve machinery 
design for stripping leaves from stalks [7]. 
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This research studied factors such as blade speed, bevel angle, 
sharpness, thickness, oblique angle, serrations, clearance 
between cutting edges, material moisture content, depth and 
density of material, as well as properties like Young's modulus, 
dynamic coef�icient of friction, and maximum shear strength, 
which are associated with cutting mechanisms and their 
interaction with external and internal factors. Young's modulus, 
for example, serves as a mechanical indicator of stalk rigidity 
[8], while lodging resistance is closely linked to stem diameter 
and plant height, as reported by[9]. This overview of current 
studies on physio-mechanical characteristics and factors 
in�luencing cutting mechanisms will aid design engineers in 
developing and modifying ef�icient cutting mechanisms such as 
harvesters, straw choppers, mulchers, balers, etc., tailored to 
new species and varieties.  Implementing necessary 
modi�ications in these machines will alleviate the manual labor 
involved in harvesting, chopping, baling, and mulching 
operations, thus signi�icantly contributing to the advancement 
of ef�icient cutting mechanisms for new machines and speci�ic 
crop varieties.Required modi�ications in these machines will 
help to get rid of the drudgery involved in manual harvesting, 
chopping, baling, and mulching operations. Thus this will help to 
a great extent in the ef�icient cutting mechanism of new 
machines and the development of particular cutting 
mechanisms as per new species, variety.

2.1	Cutting	and	Cutting	Mechanism
2.1.1	Cutting
The cutting process of crop materials and reported that failure 
in shear impact or both is possible when a system of forces acts 
on the material[10]. Before shear failure, the material is 
invariably �irst compressed then bend which increases the work 
required in a cutting operation 
A meaningful mathematical model for the cutting process of 
plant material with a shear-�inger cutting unit was studied 
by[11]. The model divided the cutting process of crops into 
three stages namely stage I–the approach of the stalk to the 
counter-cutting edge; stage II–the deformation of the stalk cross 
section; and stage III–the separation of the stalk(Fig. 2.1).The 
mathematical model was veri�ied to be adequate by the 
experimental results on a test stand.

2.1.2	Cutting	Mechanism
The operational principles underlying cutting elements utilized 
in various harvesting tools, equipment, or machines can be 
broadly classi�ied into two categories: cutter-bar cutting 
systems (CCS) employing a scissor shearing method and 
rotating cutting systems (RCS) utilizing an impact and shear 
method. CCS is typically employed for cutting thin stalks of 
annual plants, employing a back-and-forth movement of the 
blade, also known as counter-edge cutting. RCS, on the other 
hand, is more commonly used for thicker stalks with greater 
cutting resistance, employing impact cutting. RCS utilizes 
inertia and impact forces for stalk cutting, while CCS relies on 
the reciprocating motion of the blade. RCS mechanisms are 
further subdivided into three categories: Saws Cutting 
Mechanism (SCM), Coulter Cutting Mechanism (CCM), and Disk 
Cutting Mechanism (DCM). SCM faces challenges in operating 
under conditions of harvester vibration during movement, 
while CCM consists of two small disks with sharp edges 
functioning as scissors, suitable for stalks up to 2 cm in diameter. 
DCM is the only mechanism capable of cutting all types of thick 
stalks exceeding 2 cm in diameter, employing various blade 
shapes, numbers, and angles tailored to different plants with 
varying stalk thickness and cutting resistance.
Sickle cutter bars operate with a reciprocating motion of knife 
sections and a counter shear, utilizing the crop material itself to 
provide support for the rotating cutting system to cut the stem. 
Power-operated harvesters commonly employ Rotating Cutting 
Systems (RCS), exempli�ied by manually operated swinging 
tools such as cradles, scythes, and long-bladed hoes. Study noted 
that serrated blades demand less energy and force compared to 
�lat blades, suggesting their potential for achieving the desired 
cut quality[12].
[13] studied a cutting mechanism for crop harvesters and 
evaluated the maximum cutting energy and cutting energy 
needed using either reciprocating or rotary cutter bar 
mechanisms. Their �indings indicate that the type of mechanism 
signi�icantly in�luences maximum cutting energy and the energy 
required for crop cutting. Reciprocating blades demonstrated 
superior cutting force and energy consumption reduction 
compared to ordinary rotary blades.

2.2.	 Physico-mechanical	 characteristics	 of	 Plant	material	
affecting	Cutting	Process	
The physical characteristics of crops and plants play a crucial 
role in the design of machinery for their harvesting. Study by 
[14] highlighted the signi�icance of hardness, tension, shearing, 
compression, and detaching forces in the design of 
harvesters.They [15] examined the section modulus in bending 
for cotton stalks, noting its variation with the third power of the 
diameter, ranging between 7 and 16 mm, with a modulus of 
elasticity between 600 and 3500 MPa. [16] studied the modulus 
of rigidity of green lucerne, reporting mean values of 0.225 and 
1.45 GPa for green and oven-dried specimens, respectively.
[17] reported that the required force for cutting stretched stalks 
was 50% less than for unstretched ones.They [18] measured 
bending stress for sorghum, reporting 40-53 MPa at the seed 
stage and 45-65 MPa at the forage stage. [19] concluded that 
cutting energy and maximum cutting force was in�luenced by 
cross-sectional area and moisture content ,  �indings 
corroborated by[20].
Mechanical properties of alfalfa stems were studied by [12], 
who found that maximum shearing stresses varied from 0.4 to 
18.0 MPa depending on moisture content. Study by [21] 

Fig.	2.1:	showing	cutting	mathematical	model	of	cutting	process
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conducted shearing experiments on �ield grasses, reporting 
-2shearing stress and energy of 16 MPa and 12.0 mJmm , 

respectively.[22] found the maximum force and total cutting 
energy for hemp to be 243N and 2.1J respectively.
[23] investigated the bending and shearing characteristics of 
sun�lower stalk residues, reporting speci�ic shearing energy 

-2ranging from 1.86 to 11.0 mJmm .) [19]studied mechanical 
properties of maize stalks, concluding that certain knife angles 
and velocities optimized cutting ef�iciency. [24] observed 
stress-strain relationships in whole-plant corn, noting 
increased stress with faster deformation rates.
[25] analyzed saf�lower stalk properties, reporting decreasing 
bending stress with increased moisture content, and higher 
stress values at lower stalk regions. [26] studied wheat straw 
properties across maturity stages, noting shear strength, tensile 
strength, Young's modulus, and rigidity modulus variations. [2] 
investigated wheat straw properties with moisture content and 
decomposition effects, noting changes in shearing and bending 
strength.[28] analyzed reed stalk properties, �inding variations 
in bending, stretching, compressing, and shearing stresses. [29] 

Table	2:	Physico-mechanical	characteristics	of	some	crop	stalks

determined coef�icients of friction for wheat straw and green 
barley. [30] measured the maximum shear strength of alfalfa 
stems, noting location-dependent variations[62]studied 
mechanical properties of sugarcane stalks, reporting Young's 
modulus and resistance values.
[31] analyzed wheat stalk shearing stress, noting moisture 
content and cutting height effects. [32] studied wheat straw 
properties at different internode positions and moisture 
contents, observing changes in shear strength and speci�ic 
shearing energy. [33] examined the physical properties of 
ground wheat straws from different regions.[34] investigated 
wheat and rice straw mechanical properties under various 
loading rates.[35] studied maize stalk properties across 
different cultivars and stalk sections. [36] assessed wheat straw 
shear strength at varying moisture contents and cutting speeds.
These studies collectively offer insights into the physico-
mechanical characteristics of various crop stalks under 
different conditions, aiding in the development of appropriate 
harvesting machinery. The physico-mechanical characteristics 
of some crop stalks are given in Table 2.

3.	Factors	Affecting	the	Performance	of	Cutting	Mechanism
The factors affecting the performance of cutting mechanism  are 
described in following heads:
3.1	Blade	speed
[37] noted that, based on an extensive review of papers, there 
was either no change or a slight increase (10 to 15%) in cutting 
energy requirements when blade speed was doubled for devices 
cutting between two elements. Generally, the cutting ef�iciency 
of these devices was found to be independent of blade speed 
within a quasi-static range of up to 60 m/s, although the speci�ic 
device was not speci�ied.[38] examined the impact of cutting 
speed on cutting torque and power for various diameters of 
kenaf stems at different moisture levels to enhance the 
ef�iciency of kenaf harvesters. They observed that increasing 
rotational speed from 400 rpm to 700 rpm reduced cutting 
torque from 1.91 Nm to 1.49 Nm.
[39]investigated the in�luence of blade oblique angle and 
cutting speed on cutting energy for impact-type cutting 
mechanisms designed for energy-cane stems. They reported 
that speci�ic cutting energy increased with cutting speed.[40] 
explored the effects of peripheral cutting velocity of rotary 
cutting discs, stem diameter, and moisture content on torque 
requirements for cutting black gram. 

Their �indings indicated that up to a critical peripheral cutting 
velocity of 30 m/s, cutting torque increased with stem diameter, 
but decreased beyond this critical velocity. Additionally, they 
found that torque requirements decreased with increasing 
moisture content.[41] investigated the torque requirement and 
ascertained optimum peripheral cutting velocity of rotary 
cutting disc based on varying stem diameter and moisture 
content of green gram.

3.2	Blade	Angle
[5] conducted a study on the impact of bevel angle on cutting 
force, cutting energy, and blade longevity across various cutting 
devices and plant materials. He observed that a smaller bevel 
angle necessitated less cutting force. Persson recommended a 
bevel angle as small as 20° for optimal cutting energy ef�iciency; 
however, he noted that such a small angle compromised blade 
durability. In some instances, blades with bevel angles of 45° 
were employed for cutting forage materials, sacri�icing cutting 
ef�iciency but signi�icantly enhancing blade lifespan.[42] 
analyzed the in�luence of bevel angle on cutting force, cutting 
energy, and blade lifespan across a broad spectrum of plant 
materials. He concluded that for cutting a wide range of plant 
materials, a bevel angle of 20 to 30° was optimal. 
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Decreasing the bevel angle below 20° resulted in a slight 
reduction in cutting energy but a signi�icant increase in blade 
wear. Conversely, higher cutting forces and increased energy 
consumption were observed with bevel angles exceeding 30°, 
with angles of 70 to 80° requiring nearly double the energy 
compared to a 25° bevel angle. [42] further noted that the 
impact of the bevel angle was more pronounced as the thickness 
or depth of the plant material being cut increased.

3.3	Blade	Sharpness
[43] compared the effect of blade sharpness on the cutting 
process of plant materials. He found that a blade with a 0.25-mm 
edge radius required twice the force and energy compared to a 
blade with an edge radius of 0.05 to 0.10 mm. [44][45][46] 
conducted a study on the power requirements of mowers and 
reported that the speci�ic cutting energy per unit �ield area was 

2 21.5 kJ/m  for a sharp blade and 2.1 kJ/m  for a worn blade. This 
observation aligned with [43] �indings that dull blades 
consumed more energy to cut plant material compared to sharp 
blades.
[47] investigated the energy requirements for cutting plant 
materials and concluded that the energy required for a dull 
blade was double that of a sharp blade when the clearance 
between the cutting edges was small (0.05 mm) and tripled for a 
larger clearance (0.41 mm).

3.4	Blade	Thickness
[42]  investigated the relationship between energy 
requirements, layer thickness, and blade thickness. He found 
that for a 100-mm thick layer of corn stalks, the cutting energy 
requirement was 46% higher when using an 8-mm thick blade 
compared to a 2-mm thick blade. [42]concluded that blade 
thickness had little effect on cutting thin layers but increased the 
amount of energy used to cut thick layers due to the greater 
displacement of material.

3.5	Oblique	Angle
[48] evaluated the effect of oblique angle on the cutting process 
of plant materials and suggested that oblique angles of 27 to 34° 
were necessary to retain straw between smooth shearing 
surfaces. He also reported that angles of 32 to 40° were required 
to retain grass between the same smooth shearing surfaces. [39] 
investigated the effect of blade oblique angle on cutting energy 
for energy cane stems and found that speci�ic energy varied with 
different oblique angles, with the lowest observed at a 600 
oblique cut. [5] studied the impact of oblique angle on cutting 
force and blade type, recommending an oblique angle of 
approximately 15 to 60 degrees to reduce peak cutting forces. 
Additionally, serrated blades required an oblique angle 
approximately twice that of smooth blades to prevent material 
expulsion. [49] analyzed the effect of cutting speed and blade 
oblique angle on miscanthus harvesting power consumption 
and found that differences between blade mountings had a 
negligible effect.[3] conducted laboratory and �ield studies on 
blade oblique angles and reported that angles up to 60° resulted 
in lower cutting energy compared to conventional straight 
blades. 

They also observed variations in energy consumption based on 
different oblique angles.

3.6	Blade	Serrations
Serrated blades were found to require less than half the energy 
of smooth blades for slicing hay, although slicing force was 
approximately 40% greater for smooth blades.[42] noted that 
while serrated blades resulted in higher cutting forces and 
energy consumption overall, they were more effective for slicing 
action due to the increased clearance between shearing surfaces 
and longer cut length through the material.

3.7Moisture	content	and	Diameter	
It has been reported that a major decrease in plant moisture 
content causes cutting forces to increase slightly. For example, 
several researchers observed a 20 to 50% increase in cutting 
forces when the plant moisture content was decreased from 80 
to 10% wet basis (w.b.) [42].
[50] studied the effect of the cross-sectional area, moisture 
content of the crops and cutter bar speed over cutting energy 
requirement. It was reported that the peak cutting energy 
requirement was directly proportional to stalk diameter and 
inversely proportional to moisture content of the stalk and 
cutter bar speed. 
[51] investigated the cutting energy requirement of canola 
stems at different levels of cutting height and moisture content. 
The maximum and minimum cutting energy were 1.1 kJ and1 
.76 kJ at the moisture content of 25.5 percent (w.b.) and 100 mm 
cutting height and moisture content of 11.6 percent (w.b.) and 
300 mm cutting height, respectively at a cutting speed 2.64 m/s.
[38]   experimented to evaluate the effect of moisture content 
over cutting torque for  knee stem. They reportedthat the 
cutting torque was higher at lower moisture levels of less than 
35%. Moreover, the moisture content was increased to values 
greater than 35%, the torque decreased considerably. For black 
gram at 30.6 % stem moisture content the cutting force 
increased from 296.0 N to 645.0 N as stem diameter varies from 
4.0 mm to 6.0 mm at blade speed 400 mm/min.	[52].

3.8	Depth	and	density	of	material
	[43] studied the relationship between the depth of corn stalks 
and the energy requirement. He reported that as the depth of 
corn stalks increased from 25 to 120 mm, the portion of the total 
energy used to compress the corn increased from 35 to 69%. 
[53] reported that the total energy to process corn and alfalfa by 
a forage harvester cutter head increased with depth of material 
increased. The rise in total energy was attributed to acceleration 
of the particles, an increase in the energy to compress the 
material, and air and mechanical friction.
From the current references, the summarized Impact cutting 
velocity required for different crops stalk and Impact cutting 
velocity, force and cutting energy required for different crop 
stalk as presented in Table 3 and4, respectively. It is observed 
that the parameters for the same crop stalk may be different in 
consequence of different testing conditions, varieties, and 
individual difference.
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Table	3:	Impact	cutting	velocity	required	for	different	crops	stalk

Table	4:	Impact	cutting	velocity,	force	and	cutting	energy	required	for	different	crop	stalk	

*	denotes	speci�ic	cutting	resistance

4.	Power/energy	requirement	
[37] made a studied on different parameters for the shear 
energy requirement. He reported that energy required shearing 
forage materials in�luenced by size, maturity, moisture content 
of material ,blade sharpness, clearance between edges and bevel 
angle. Moreover, he concluded that the energy required to cut 
the Timothy stem varied from 0.3 - 1.8 kW h/ ton of dry matter 
having chopped length 12.7 mm. 
	[54] studied the relationship between the moisture content and 
the speci�ic energy requirements for a forage harvester. He 
informed me that there was no  effect on speci�ic cutting energy 
of the moisture content, when the speci�ic energy was computed 
on a dry material basis. 
[55] investigated the impact cutting performance of forage 
crops. It was observed that the power consumption was mainly 
in�luenced by crop density.More than 50 percent of total energy 
was consumed in crop acceleration and conveyance normally at 
the mower rotor shaft whereas energy consumed in shearing 
stems was normally less than 3 percent..
[44][45][46] analyzed the power requirements of mowers. He 
informed that the speci�ic cutting energy per unit �ield area for a 

2 2sharp and worn blade was 1.5 kJ/m and 2.1 kJ/m , respectively. 
[5] made a study for the cutting process of plant materials. An 
increase in blade velocity often   increased the power losses, so

even if the cutting power stayed relatively constant, the total 
power requirement of the cutter was likely to increase with 
increased cutting speed. The power losses in�luenced by several 
factors including: accelerating the material to exit velocity, 
overcoming friction between the material and the housing while 
still being pushed by the cutting device, sustaining air 
movement in the cutting device and overcoming mechanical 
friction in the driving mechanism. [56] designed, built and 
tested a rotary counter shear mower. It consisted of two 
concentric counter-rotating discs. He reported that the increase 
of forward speed will improve the cutting performance. Cutting 
speed with this type of rotors was less than other type of rotary 
disc cutters. [57] reported that a total power requirement per 
meter of cutter bar width of sickle-bar mower was 0.890 kW to 
cut mixed hay at a forward speed of 2.1 m/s. Out of 0.89 kW/m, 
66% (0.59 kW/m) was required to run the mower in idle 
condition.
[58] evaluated that the energy requirement for cutting alfalfa 

2with a sickle-bar mower varied from 0.078 and 0.139 kJ/m in 
�ield test.[59] reported the total power requirement to propel 
the tractor and run the sickle-bar mower was 4.25 kW per meter 
of cutter bar for cutting alfalfa at a forward speed of 2.2 m/s. Out 
of which 1.6 kW/m was delivered to the power-take-off while 
crop was being cut and 0.3 kW/m required to run the mower in
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 the idle condition which indicates that only 1.3 kW/m was used for the cutting process.
From the current references, the impact cutting velocity, force and cutting energy required for different crop stalk as presented in 
Table 5.

Table	5	:Power	requirement	for	cutting	different	crops	given	below	

Conclusions
The cutting speed and blade con�igurations play a crucial role in 
crop harvesting. The share of energy consumption in harvesting 
and threshing of crops varies from 7.9 to 35.9 percent of the total 
operational energy of the crops. The cutting speed and blade 
oblique angle are directly related to the power requirements 
and ef�iciency o�harvesting machinery. Optimization of cutting 
speed and blade oblique angle can result in signi�icant savings in 
cutting energy, whilst simultaneously improving the quality of 
cut. A serrated blade can be approximately two times the 
oblique angle of a smooth blade was required to ensure no 
material will be expelled. The energy consumption was 
correlated to the bending force.

Future	Scope	of	Study
This paper is expected to signi�icantly aid design engineers, 
researchers, and other stakeholders in developing ef�icient 
cutting mechanisms for new machinery and tailoring cutting 
mechanisms to suit new species and varieties.
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2000. Change in mechanical properties of Wheat straw due 
to decomposition and moisture. Applied	 Engineering	 in	
Agriculture	16(6):657-664.

Cao Z, Jin X and Liao Q.2011. Experimental research on 
physical and mechanical parameters of matured bottom 
stalk of the reed for harvester design. Int	 J	 Agric	 &	 Biol	
Eng.4(2): 1–7.

Afzalinia S and Roberge M. 2007. Physical and mechanical 
properties of selected forage materials. Canadian	
Biosystems	 Engineering	 /	 Le	 Genie	 des	 biosystems	 au	
Canada. 49. 222- 27.

Galedar M N, Tabatabaeefar A, Jafari A, Shari�i A and Ra�iee 
S. 2008. Bending and shearing characteristics of alfalfa 
stems. Agricultural	 Engineering	 International:	 the	 CIGR	
Ejournal.	Manuscript. Vol. X.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.



	©	2025	AATCC	Review.	All Rights Reserved. 92.

Sanjay	Kumar	et	al.,	/	AATCC	Review	(2025)

Ozbek O, Se�lek A Y and Carman K. 2009. Some mechanical 
properties of saf�lower stalk. Applied	 Engineering	 in	
Agriculture. 25(4): 619–625.

Bastian and Shridhar (2014). Investigation on Mechanical 
Properties of Sugarcane Stalks for the Development of a 
Whole Cane Combine Harvester. Indian	Journal	Of	Applied	
Research 9 : 1-3.

Liao Q X, Liao Y T, Shu C X and Tian B P. 2007. Research on 
the physical mechanics properties of the rape stalk. ASABE 
Annual Meeting, No. 076136.

Zhao C H, Zhang F W and Cao Z Z.2009. Experiment on stalk 
mechanical properties on legume forage and grasses. 
Transaction	of	the	CSAE 25(9): 122–126. 

ASABE Standards. 2006 . Agricultural machinery 
management data. St. Joseph, MI: ASAE.AVI Publishing 
Company Inc., West Port, Connecticut, USA.

Baneh N H, Navid H, Alizadeh M R and Ghasemzadeh H R. 
(2012). Designed and development of a cutting head for 
portable reaper used in rice harvesting operations. Journal	
of	Applied	Biological	Sciences. 6(3):69-75.

Sahoo A U and Raheman H .2020.Development of an 
electric reaper: a clean harvesting for cereal crops. Clean	
Technologies	and	Environmental	Policy :22,955–964.

Kiran I K M, Awal A M and Ali R M .2017. Development and 
performance evaluation of a battery small scale reaper. 
Asian	Journal	of	Applied	Science	and	Technology. 1(4): 50-
54.

okaNovikov J.1957. Theory and calculation of a rotary 
cutting apparatus with working blades Sel'khozmashina.

Okamura T. 1958. On the measurement of high speed 
cutting forces using strain gauges
Rep. Hoppaido Branch, Soc. agric. Mach.

Feller R. 1959. Effects of knife angles and velocities on the 
cutting of stalks without a counter edge. J.	agric.	Engng	Res.

Sushilendra M, Veerangouda B, Anantachar M, Prakash KV, 
Desai B K and Vasudevan S N. 2016. Effect of blade type, 
cutting velocity and stalk cross sectional area of chickpea 
stalks on cutting energy, cutting force and speci�ic energy. 
Int.	J.	Agril.	Sci 8(53) :2658-2662

Sushilendra M, Veerangouda B and Manjunatha K. 2020. 
Effect of Blade Type, Cutting Velocity and Stalk Cross 
Sectional Area of Black Gram Stalks on Cutting Energy and 
Cutting Force. International	Journal	of	Current	Microbiology	
and	Applied	Sciences 9(6): 650- 659.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Tuck, C.R. 1977. The effect of various design and operating 
parameters of rotary mowers on cutting performance. 
Phase 1977. NIAE Department Note no DN/FC/771/1355.

Tuck, C.R. 1978. The effect of various design and operating 
parameters of rotary mowers on cutting performance. 
P h a s e  1 9 7 8 .  N I A E  D e p a r t m e n t  N o t e  n o 
DN/FC/906/03001.

Liljedahl J B, Jackson G L , Graff R P D and Schroeder M E. 
1961. Measurement of shearing energy. Agricultural	
Engineering 42(6): 298.

Kepner R.A. 1952. Analysis of the cutting action of a mower. 
Agricultural	Engineering 33(11). 693-697, 704.

Maughan J D, Mathanker S K and Hansen AC. 2014. Impact 
of blade angle on miscanthus harvesting energy 
requirement. ASABE Annual International Meeting Paper: 
1- 13

Kathirvel K, Ramesh D, Thambidurai S and Jesudas D 
M.2009. Ergonomics of self propelled power weeders as 
in�luenced by forward speed and terrain condition. Agric.	
Mechan.	Asia,	Africa,	latin	America. 40(4): 28-32.

Azadbakht M, Esmaeilzadeh E, and Esmaeili-Shayan . 2014. 
Energy consumption during impact cutting of canola 
stalkas a function of moisture content and cutting height.	
Journal	of	the	Saudi	Society	of	Agricultural	Sciences.1-6.

Maharana S, Goel A K, Behera D and Mahapatra M. 
2018.Development and evaluation of a self propelled pulse 
reaper. International	 Journal	of	Current	Microbiology	and	
Applied	Sciences. 7(11):1983-1991.

Springer A G, Smith J L and Tribelhorn R E. 1976. Forage 
Harvester Cutterhead Kinetics, ASAE Paper No. 76-1008. 
St. Joseph, MI. ASAE.

Hennen J J. 1971. Power Requirements for Forage 
Chopping, ASAE Paper No. 71-145. 

McRandal D and McNulty P. 1978. Impact cutting behaviour 
of forage crops. Journal	 of	 Agricultural	 Engineering	
Research.	23. 313-328.

Persson S.1993. Development of a rotary counter shear 
mower. Trans	ASAE. 36(6): 1517-1523.

Elfes L E. 1954. Design and development of a high speed 
mower. Agricultural	Engineering	35(3):147-149. 

Baird E.D. 1956. An analysis of cutting forces in a mower. 
Thesis (M.Sc.), University of California.

Colzani G. 1968. Test of three mowers on Different Forages. 
Institute	Sperimentale	Di	Meccanica	Agraia. 30.

Tavakoli H, Mohtasebi S S and Jafari A. 2008.Comparison of 
mechanical properties of and barley straw. Agricultural	
Engineering	International:	the	CIGR	Ejournal 10: 1–9.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

