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Design and modification of a combined grass cutting
and grinding machine

Abstract. Efficient preparation of livestock feed remains a major challenge for small and medium farmers in Bangladesh,
where manual fodder cutting, and separate grinding processes require considerable time, labour, and cost. Rising feed prices
and limited access to affordable mechanised equipment make the development of locally manufacturable multipurpose
machinery highly relevant for the agricultural sector. This article aimed to design, fabricate, and evaluate a combined
grass-cutting and grinding machine suitable for practical use in Bangladesh. The study used field visits, focus group
discussions, Computer-aided design-based modelling, prototype fabrication, and performance testing to assess the
machine’s design, operation, and user suitability. The developed machine integrated grass cutting and grain grinding
in a single compact system powered by a 3 HP electric motor. Unlike many conventional machines that depend on belt-
pulley arrangements, the proposed design uses a spur gear transmission system to improve durability, stability, and power
transfer. The gear arrangement provided a final reduction ratio of 0.846, producing a driven shaft speed of approximately
1,015-1,523 rpm and a blade tip speed of about 15.9-23.9 m/s. Trials with fresh grass, straw, and lentils showed that the
machine could process 180-200 kg/hr of grass, 150-170 kg/hr of straw, and 50-60 kg/hr of lentils into fine powder. The
chopped output was uniform, feeding was smooth, and the protective casing helped improve operational safety. The design
also supported blade sharpening, local fabrication, and lower maintenance requirements. The results can be applied in
small-scale livestock farming, feed preparation centres, and rural machinery workshops to reduce labour, improve feed
processing efficiency, and support agricultural mechanisation
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INTRODUCTION

Agriculture remains one of the most important sectors of
Bangladesh’s economy because it supports food security,
rural employment, poverty reduction, agro-based industry,
and livestock production. Although the relative share of ag-
riculture in national gross domestic product has gradually
declined with industrialisation, the sector still contributes
substantially to the economy; existing studies report ag-
riculture’s contribution at about 13.61% of national gross
domestic product (GDP) while earlier sectoral estimates
reported nearly 20% of GDP and around 50% of national
employment, according to A. Ghimire et al. (2021). The rice
subsector is particularly important, contributing more than
70% of agricultural GDP, while Bangladesh produces about
37 million tons of rice annually, representing approximate-
ly 6.3% of global rice production (Rayhan et al., 2023).

Beyond crops, fisheries and livestock also play major
roles in rural livelihoods and nutrition; fish production,
as noted by M.M. Shamsuzzaman et al. (2020), increased
from 17.81 lakh metric tons in 2000-2001 to 41.34 lakh
metric tons in 2016-2017, showing the growing economic
relevance of fisheries in Bangladesh. Similarly, K. Moller et
al. (2023) pointed out that livestock and aquaculture are
closely linked with farm household income, protein sup-
ply, and integrated rural production systems, but they
face challenges related to climate change, feed availabil-
ity, disease management, and market access. At the same
time, Bangladesh’s agricultural production system is high-
ly vulnerable to climate variability, land pressure, labour
shortages, and environmental degradation, making im-
proved farm mechanisation and efficient feed-preparation
technologies increasingly important (Rahman et al., 2021;
Chowdhury et al., 2022; Jamal et al., 2023). Therefore, the
development of locally manufacturable, low-cost, and
multipurpose agricultural machines, such as combined
grass-cutting and grinding equipment, is highly relevant
for improving livestock feed preparation, reducing manual
labour, and supporting sustainable agricultural mechani-
sation in Bangladesh.

Several researchers have worked to enhance the de-
sign, implement improvements, and increase the efficien-
cy of grass-cutting machines. J. Sinha & A. Kumar (2021)
studied the ergonomic and mechanical efficacy of manual
chaff cutters used in animal farming, emphasising reduced
power consumption during fodder cutting. The study indi-
cated that a three-blade cutter with a smaller feeding area
used less energy and was more comfortable to use. This
research enhances the design of fodder cutters, increas-
ing their energy efficiency and user comfort. Nevertheless,
greater research is required to investigate alternative ma-
terials and evaluate the long-term health effects of these
alterations. D. Yallappa et al. (2024) introduced the design
and development of a versatile chaff-cutting machine in-
tended to address the challenges of cutting both dry and
wet chaff for animal feeding. The machine was designed
to process various types of fodder, including sugarcane
waste and other green resources. This concept simplified
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traditional machinery and gave farmers a simple, portable
option. More enhancements could be made to make the
machine more useful for different types of fodder and to
look into more environmentally friendly energy sources.

N.S. Navgale et al. (2023) showed the design and ad-
aptation of a chaff cutter and coconut dehusking machine
that operates with a single engine for both tasks. The
proposed method was cheaper and required less space
because it combined the two units into a single unit. The
machine had a 1 HP electric motor, making these jobs
much easier for anyone to do. The study laid out a precise
plan for building a multitasking machine from mild steel
and shows how useful it is for small-scale farmers in rural
areas, especially those who have both cattle and coconut
trees. P.Jayendra & G.Y. Suresh (2020) examined the design
and development of a chaff-cutter machine intended to
enhance efficiency and reduce manual labour for farmers.
The machine was made to cut several kinds of fodder, such
as dry grass, wheat stalks, and maize straw, into smaller
pieces so that animals could consume them more easily.
The new design was smaller, cheaper, and used less en-
ergy than standard chaff cutters. E. Rajkumar et al. (2020)
investigated chaff-cutter-related injuries in rural India
and proposed safety measures to mitigate them. The in-
vestigation led to the creation of three interventions: a
serrated roller to serve as a warning sign, a blade guard to
keep hands away from cutting blades, and a flywheel lock
to stop the machine from being used while it isn’t work-
ing. It was observed that these measures helped prevent
people from getting hurt without affecting the machine’s
performance. Farmers liked that these safety features were
added to old chaff cutters.

Although several researchers have worked on the de-
velopment of grass-cutting machines, there are still gaps
in the literature regarding a multipurpose machine. The
current study proposed a gear-based modification of a mul-
tipurpose grass cutting cum grinding machine suitable for
rural, semi-urban, and urban farmers of Bangladesh. This
study aimed to develop a machine that will be cost-effec-
tive, easy to use, locally manufacturable, more durable,
easy to maintain, low-cost, and readily available for the
farmers of Bangladesh.

MATERIALS AND METHODS

Research design and overall methodological approach. This
study followed a design-fabrication-testing methodolo-
gy to develop and evaluate a combined grass-cutting and
grinding machine suitable for small- and medium-scale
livestock farmers in Bangladesh. The methodology con-
sisted of five sequential stages: field investigation, user
requirement identification, engineering design and calcu-
lation, prototype fabrication, and performance testing. The
machine was designed to integrate three major function-
al units: a feeding unit, a cutting and grinding unit, and
a power transmission unit. A 3-horsepower electric motor
was used as the prime mover, and power was transmitted
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to the cutting and grinding shaft through a spur gear train.
Computer-aided design modelling was performed using

AutoCAD and SOLIDWORKS before fabrication to ensure

Conceptualisation
and design overview

Material selection

proper dimensional arrangement, component fitting, and
safe enclosure of rotating parts. Figure 1 shows the meth-
odology used in the current research.

Design modelling

Fabrication process

Power transmission
and efficiency considerations

Testing and validation

Data analysis

Objectives met?

Yes

Final validated design

Figure 1. Methodology of research

Source: compiled by authors

Field visit. Field visits were made to Nawabpur and
Dholaikhal, Dhaka, Bangladesh’s largest engineering mar-
ketplaces and fabrication areas, to gather real-world infor-
mation on current grass-cutting machines, available me-
chanical parts, fabrication techniques, and maintenance
practices. Using a structured observation checklist, the
observations were written down in a systematic way. The
checklist had information about the type of machine, the
size of the motor, the arrangement of the blades, the feed-
ing system, the way power is transmitted, the arrangement
of the shaft and bearing, the design of the casing, the safe-
ty features, the availability of parts, the ease of repair, and
the most typical difficulties that mechanics and users have
with the machine. The study team also talked to people
at local machine shops and fabrication workshops to find
out what kinds of motors, gears, shafts, bearings, blades,
sheet metal, and structural elements were available. Meas-
urements of relevant machine parts were taken where pos-
sible, and component specifications were compared with
locally available alternatives. The collected information
was organised into a design requirement sheet and used to
determine the major mechanical features of the proposed
machine, including motor power, transmission system,

blade material, casing arrangement, and fabrication feasi-
bility. This process helped ensure that the proposed design
could be manufactured using locally available materials
and workshop facilities.

Focus group discussion (FGD). FGDs were conducted in
Savar, Sadarpur in Faridpur, and Mithapukur in Rangpur,
Bangladesh, with 120 purposively selected participants.
The study involving human participants was carried out in
accordance with the ethical standards outlined in the Dec-
laration of Helsinki (1964), ensuring voluntary participa-
tion, informed consent, and the protection of participants’
confidentiality and well-being. The participants included
small and medium farmers, livestock feed users, machine
operators, and local mechanics. The discussions focused
on current fodder preparation practices, labour demand,
manual cutting problems, grinding needs, safety, mainte-
nance, repairability, and expected machine performance.
The responses were coded into major user requirement
categories. Since participants could mention more than
one issue, the percentages represent multiple-response
frequencies. The frequencies were obtained through man-
ual coding of repeated responses across the three FGD
locations. The most frequently reported requirement was
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reducing manual labour and processing time, mentioned by
98 participants or 81.7%. This was followed by the need for
a combined grass-cutting and grinding machine, reported
by 91 participants or 75.8%. Safety during operation was
mentioned by 84 participants or 70.0%, while durability
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and low maintenance were mentioned by 78 participants or
65.0%. Local repairability was reported by 72 participants
or 60.0%, easy operation by 69 participants or 57.5%, pre-
ferred fodder size by 62 participants or 51.7%, and adequate
processing capacity by 56 participants or 46.7% (Table 1).

Table 1. Translation of FGD findings into engineering design decisions

User requirement Frequency, n=120

Percentage, %

Design decision

Reduce labour and time 98 81.7 Motor-driven cutting and grinding system
Combine cutting and grinding 91 75.8 Integrated grass-cutting and grain-grinding unit
Improve operator safety 84 70.0 Protective casing and enclosed rotating parts
Ensure durability and low 78 65.0 Spur gear transmission instead
maintenance : of belt-pulley system
Allow local repair 7 60.0 Use of standard gears, shafts, bearings,
and sheet metal
Make operation simple 69 57.5 Separate feed inlets and clear discharge outlets
. . Blade arrangement targeting
Produce suitable chopped fodder size 62 51.7 2-5 cm chopped output
Ensure practical capacity 56 46.7 Selection of 3 HP motor and gear-driven shaft
Source: compiled by authors
These findings were directly translated into the engi- % = i—”, @)
. . . b a
neering design of the machine. The strong demand for re- or
duced labour and time led to the selection of a motor-driv- ’
en system. The need for both fodder cutting and feed Ny = Ny X ;—“, (2)
b

grinding resulted in an integrated cutting-grinding cham-
ber. Safety concerns were addressed through a protective
casing, enclosed rotating parts, and separate feeding and
discharge paths. Similarly, the demand for durability and
easier maintenance led to the use of spur gear transmis-
sion instead of a belt-pulley system. Local repairability
was considered by using standard components that can be
sourced and serviced in local workshops. Thus, the FGD
findings provided a clear user-centred basis for the final
machine design.

Engineering calculation methodology. Engineering cal-
culations were performed to determine gear geometry,
gear ratio, driven shaft speed, blade tip speed, angular ve-
locity, torque transmission, and theoretical power trans-
mission. These calculations were used to verify whether
the selected motor, gear train, shaft arrangement, and
blade system were suitable for the required cutting and
grinding operations. The major input parameters used
in the calculation were motor power, motor speed, gear
teeth number, gear module, blade diameter, driven shaft
speed, and processing time. All calculations were per-
formed using standard mechanical design equations. The
following assumptions were considered during the calcu-
lation: all spur gears had the same module; gear slip was
neglected; the intermediate gear acted as an idler gear;
the intermediate gear changed the direction of rotation
but did not affect the final speed ratio; the motor operat-
ed under steady-state conditions; the cutting blade was
considered as a rigid rotating circular body; and theoreti-
cal power loss due to friction, bearing resistance, and gear
tooth wear was neglected.

Gear ratio and shaft speed calculation. For a pair of ex-
ternal spur gears, the speed ratio was calculated using:

where N, is the speed of the driving gear, N, is the speed
of the driven gear, Z, is the number of teeth on the driving
gear, and Z, is the number of teeth on the driven gear. For
the first gear stage, the intermediate gear speed was cal-
culated as:

Z.
N, = N; x Z—: 3

where N, is the motor shaft speed, N, is the intermediate
gear speed, Z, is the number of teeth on the drive gear, and
Z, is the number of teeth on the intermediate gear. For the
second gear stage, the driven shaft speed was calculated as:

Z
N3 = NZ XZ_:’ (4)

where N, is the intermediate gear speed, N; is the driven
shaft speed, Z, is the number of teeth on the intermediate
gear, and Z; is the number of teeth on the driven gear. Since
the intermediate gear acts as an idler gear, the final drive
shaft speed can be expressed as:

z
N3 = Ny X z_:’ ©)

where N, is the motor shaft speed, N; is the driven shaft
speed, Z; is the number of teeth on the drive gear, and is
the number of teeth on the driven gear. The final transmis-
sion ratio was calculated using:

. Z.
=2,
Z3

(6)

where i is the final transmission ratio, Z, is the number of
teeth on the drive gear, and Z; is the number of teeth on
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the driven gear. Therefore, the driven shaft speed can also
be written as:

N;=iN,, N

where N; is the driven shaft speed, i is the final transmis-
sion ratio, and N, is the motor shaft speed.

The angular velocity of the driven shaft was calculated
using:

_ 2mN
60’

®)

where w is the angular velocity, N is the rotational speed
in revolutions per minute, and 77 is the mathematical
constant pi.

The blade tip speed was calculated using:

DN

V== )
where Vis the blade tip speed, D is the blade diameter, N is
the driven shaft speed, and 77 is the mathematical constant
pi. The motor torque was calculated from motor power and
rotational speed using:

_ Px60
~ 2nN’

(10)

where Tis the torque, P is the power in watts, N is the rota-
tional speed in revolutions per minute, and 77 is the mathe-
matical constant pi. When power is expressed in kilowatts,
torque can also be calculated using:

9,550P
T = N

(11)
where T'is the torque in N-m, P is the power in kW, and N is

the rotational speed in rpm. For a gear pair, torque changes
in proportion to the gear teeth ratio:

0

Ty=Tax 3, (12)
where T, is the torque on the driving gear, T, is the torque on
the driven gear, Z, is the number of teeth on the driving gear,
and Z, is the number of teeth on the driven gear. For the first
gear stage, torque on the intermediate gear was calculated as:
Zz
T, =T; X2, (13)
Zy
where T, is the torque on the drive gear, T, is the torque
on the intermediate gear, Z, is the number of teeth on the
drive gear, and Z, is the number of teeth on the interme-
diate gear. For the second gear stage, torque on the driven
gear was calculated as:
Z3
T3 =T, x>, (14)
Z,
where T, is the torque on the intermediate gear, T; is the
torque on the driven gear, is the number of teeth on the in-
termediate gear, and is the number of teeth on the driven
gear. Considering transmission efficiency, the driven shaft
torque may be expressed as:
Z3
T3 =Ty X2 Xxn, (15)
z
where T; is the driven shaft torque, T, is the motor shaft
torque, Z; is the number of teeth on the driven gear, Z, is

the number of teeth on the drive gear, and 7 is the trans-
mission efficiency.

RESULTS AND DISCUSSION
Modelling of the grass cutting machine. The 3D model is de-
veloped in SOLIDWORKS. Different parts of the machine
are numbered as shown in Figure 2, and their names are
listed in Table 2. Figure 2. (a, b) schematic diagram, (c)
right side view, and (d) front side view of the model

Figure 2. (a, b) schematic diagram, (c) right side view, and (d) front side view of the model

Source: compiled by authors
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Table 2. Chaff cutter components

1. Grass feed inlet

12. Outlet 1 (grain powder)

2. Upper casing

13. Drive gear

3. Electric motor base

14. Intermediate gear shaft base

4. Grain inlet hopper

15. Grass cutter blade

5. Circular Blade

16. Cutter blade nut and bolt

6.Base

17. Electric motor

7. Lower casing

18. Grinder hammer

8. Frame

19. Grinder hammer holder

9. Cutter Roller Gear (Driven Gear)

20. Intermediate gear shaft

10. Casing Hinge

21. Outlet 2 (dry fodder)

11. Intermediate gear

22. Bearing house and bearing

Source: compiled by authors

Each component was modelled in 2D using AutoCAD
for better understanding (Fig. 3). Details of each part are de-
scribed as follows. Grass cutter blade and grinder hammer hold-
er. This part is a combination of a grass cutting blade, a grass
cutting blade holder, nuts and bolts, and a grinder hammer

ISOMETRIC VIEW

FRONT SIDE VIEW

RIGHT SIDE VIEW

holder shaft. First, on top of the blade holder, grass-cutting
blades are placed with nuts and bolts. In the centre, the main
shaft is located, and the grinder hammer shaft is arrayed
around the main shaft at an equal distance. At the end of the
hammer shaft, bolts are used to secure the whole set.

<3

ISOMETRIC VIEW WIREFRAME

o |
(=] 1

2 {8 |
s’: N @10.00 307.00

FRONT SIDE VIEW WIREFRAME

110.00

RIGHT SIDE VIEW WIREFRAME

Figure 3. Grass cutting blades and grinder hammer set

Source: compiled by authors

Grass cutting blade holder. To secure cutting blades,
this part is used, along with nuts and bolts to hold the
blades in place (Fig. 4). These blades can be removed from

the holder for sharpening using the nuts and bolts. In-
cluding that the main shaft and grinder hammer shaft are
attached to this part.
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FRONT SIDE VIEW a RIGHT SIDE VIEW

Figure 4. Grass cutting blade holder

Source: compiled by authors

Grass cutting blade. The grass-cutting blade (Fig. 5)
performs the primary chopping of fresh grass and straw. Its
functional role is to convert long fodder into smaller pieces
suitable for livestock feeding and mixing. The blade also
affects feeding resistance, cut length, power requirement,
and output uniformity. The blade diameter used in the ma-
chine is 300 mm. The driven shaft speed is approximately
1015-1523 rpm, producing a blade tip speed of about 15.9-
23.9 m/s. The blade material is high-carbon steel.

3.00

High-carbon steel was selected because the blade is
exposed to repeated impact, abrasive contact with grass/
straw, and edge wear. This material provides better hardness
and edge retention than ordinary mild steel. The removable
bolted arrangement was selected so that the blades can be
sharpened or replaced without replacing the complete blade
holder. The blade interacts with the grass feed inlet, blade
holder, main shaft, bearing housing, and outlet for chopped
grass. Its alignment and balance are critical because imbal-
ance can increase vibration and bearing load.

£10.09

110.00

Figure 5. Grass cutting blades

Source: compiled by authors

Blades holding nuts & bolts. These nuts & bolts (Fig. 6)
are used to hold the cutting blade with the holder in place.

Circular blade. The circular blade (Fig. 7) assists in cut-
ting and grinding, especially for grain or harder feed mate-
rials. Its role is to create additional shearing and size-reduc-
tion action inside the processing chamber. It improves the
machine’s multifunctionality by allowing the same shaft
assembly to support both fodder cutting and grain grinding.

FRONT SIDE VIEW

RIGHT SIDE VIEW

21000
?11.00

Key design parameters include diameter, thickness, tooth
or edge geometry, material, mounting diameter, and clear-
ance from the casing. High-carbon steel is justified because
grinding and cutting create abrasive wear. A circular blade is
preferred because it provides continuous rotational cutting
action and distributes cutting load around the blade cir-
cumference. It interacts with the main shaft, grinder ham-
mer, grain hopper, casing, and powder outlet.

RIGHT SIDE VIEW
10
L.

|
g.DO
FRONT SIDE VIEW

Figure 6. Nuts and bolts of the machine

Source: compiled by authors
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Figure 7. Circular blades used in the machine
Source: compiled by authors

Bearing house and bearing. This part (Fig. 8) holds parts together with the driven gear. It is the most impor-
the main shaft, grass-cutting blades, circular blades, and tant component that transfers the power from the gear to
grinder hammers. It also helps to rotate all the cutting the cutting parts and holds all the parts in place.

1

8
8 ]
3 8

'y

[

FRONT SIDE VIEW

i

10.00

~

\l

27.00

&

) A}

TOP SIDE VIEW

Figure 8. Bearing housing and bearing
Source: compiled by authors

Grain inlet hopper. This part (Fig. 9) is made of a thin  ic speed into the grinding or cutting chamber. Generally,
metal sheet that holds and circulates grain at a specif-  gravity is used to send the grain into the grinding chamber.

404.00

b
8

S
S
18150

B

FRONT SIDE VIEW

384.00

404.00

TOP SIDE VIEW

Figure 9. Grain inlet hopper
Source: compiled by authors
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The top casing and the feed inlet. It prevents the spread
of feeding materials outside and protects people from

500

152.00

144.64

50.01

127.19

FRONT SIDE VIEW

injury from the rotating parts. The feed inlet, as well as the
grain inlet hopper, is attached to it (Fig. 10).

RIGHT SIDE VIEW

Figure 10. Top casing & feed inlet

Source: compiled by authors

Base, frame and motor base. Basically, this part holds
all other parts in place in an order and also provides the

200.00
‘ = mi-_"i :_:
U
[goo i
8 [§. j340do
o
3 e 5.00
& 35.00
35.00
— 1
|
TOP SIDE VIEW
340.00 8|
' 3
-]
1 =
N
(Yo}
o 120.00_60.00]
| b
S
410.00
FRONT SIDE VIEW

necessary support for the cutting and grinding process
(Fig. 11).

RIGHT SIDE VIEW

Figure 11. Frame and base

Source: compiled by authors
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Power transmission. In this chaff cutter, there are 3
spur gears that transmit the power needed for cutting
and grinding grass & grain (Table 3). There is a drive gear
attached directly to the motor, then the intermediate

Table 3. Specification of the gear

Hossain et al.

gear, which is attached to a shaft that runs to the frame.
After that, there is a driven gear directly connected to
the main shaft. These gears mesh with each other to
form a gear train.

. . Outside dia / _ .
Teeth Z ?ltCh dia Addendum dia  Clearance = 0.157 m (mm) Dedendum =m + Dedel.ldum circle /
d=mZ (mm) clearance (mm) Root dia d-2b (mm)
d+2 m (mm)
Driven gear (3) 65 208 214.4 0.502 3.702 200.6
Intermediate 5 288 294.4 0.502 3.702 280.6
gear (2)
Drive gear (1) 55 176 182.4 0.502 3.702 168.6

Source: compiled by authors

Gear ratio:
Stage 1:
Ny =Ny x5
stage 2:
Nariven = N2 X g-
Combine:

55
Nariven = Nmotor X o5 Vmotor % 0.846.
Final reduction ratio: 0.846.
Required RPM from the motor. In this chaff cutter ma-
chine, a 3 hp electric motor is used. The motor’s rpm can be
regulated from 1,200 to 1,800 rpm using an inverter.

Shaft rpm at 1,200 rpm motor:
Niven=0.846 x1,200=1,015 rpm.
At 1,800 rpm motor:

N ien=0.846x1,800=1,523 RPM.
Shaft speed ranges from 1015 to 1523 rpm.
Blade tip speed:
Blade diameter is 300 mm, thus the tip speed will be
V=nDN/60.

At 1,015 RPM:
V=15.9 m/s. At 1,523 RPM:

V=23.9 m/s.

Blade tip speed range:
15.9-23.9 m/s.

This is ideal for efficient cutting.
Torque at driven gear:

Motor power=3 HP=2,238 W
Gear train:
Motor - 55T - 90T (intermediate) —» 65T (driven).

Overall ratio:
55
Nariven = Nmotor X 5 0.846Nmotor-

Case 1: At 1,200 RPM Motor

Torque at Motor Shaft (55T Gear)

Formula:

9,550P 9,550%2.238
T =——T =
motor 1200

~ Tmotor = 17.8 Nm Torque
on 55T gear=17.8 Nm

Torque on 90T Intermediate Gear

Torque increases proportional to gear ratio:

Tog = Ts5 X % =17.8 X 1.636 = 29.1Nm Torque on 90T
gear=29.1 Nm.

Torque on 65T Driven Gear

Second stage:

Tgs = Top X % =29.1 x 0.722 = 21.0Nm Torque on 65T
gear (Drum shaft)=21 Nm.

Case 2: At 1,800 RPM Motor
Motor Torque (55T):

T= %T = 11.9 Nm Torque on 55T=11.9 Nm
Torque on 90T Gear

Ty,=11.9%1.636=19.5 Nm Torque on 65T Gear (Driven):
T,=19.5x0.722=14.1 Nm.
The final torque summary is shown in Table 4.

Key attributes of the designed model are summarised
in Table 5.

Table 4. Final torque summary

Gear Teeth Torque at 1,200 rpm Torque at 1,800 rpm
Motor gear 55 17.8 Nm 11.9 Nm
Intermediate gear 90 29.1 Nm 19.5 Nm
Driven gear 65 21.0 Nm 14.1 Nm

Source: compiled by authors
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Table 5. Summary of the key attributes

Attribute
Primary functions

Value (from report)

Chaff/grass cutting (wet +dry) + grain grinding

Notes / derived value
Multipurpose intent is explicit.

Motor power 3hp

The report uses 3 HP ~ 2.24 kW.

Motor speed control 1,200-1,800 rpm via “inverter”

Variable speed is a key differentiator.

Transmission Spur gears (drive, idler, driven)

Tooth counts: drive 55T, idler 90T, driven 65T.

Reduction ratio 0.846 (final reduction ratio)

Used to compute driven shaft speed.

Driven shaft speed ~1,015-1,523 rpm

Derived: 0.846 x 1,200=1,015 rpm;
0.846x 1,800~ 1,523 rpm.

Blade diameter 300 mm (0.30 m) Used for tip-speed estimate.

. . 1o, Derived: V=mDN/60, D=0.30 m,
Tip speed (derived) 15.9-23.9 m/s N=1,015-1,523 rpm.
Reported torque ~21.0 Nm @ 1,200 rpm motor; ~14.1 Nm

(driven gear) @ 1,800 rpm motor

Values appear in the report’s computed table.

Blade material

High carbon steel (for grass blade and circular blade) Durability-positive.

Source: compiled by authors

Manufacturing. The production stage confirmed that it
was possible to turn the CAD-based design into a working
prototype. The main result of the fabrication was that the
proposed integrated layout, which included the feeding unit,
cutting and grinding chamber, spur gear transmission, mo-
tor base, frame, bearing support, and protective casing, could
be put together without changing how the designed model
worked. But the final prototype was afflicted by a number of
production limitations. Standard sizing for shafts, bearings,
sheet metal, and gears meant that during fabrication, only
small changes needed to be made to the mounting positions
and casing clearances. These changes didn’t change how the
machine worked; they merely made sure that the motor gear,
intermediate gear, and driving gear were all in the right place.

Keeping the gear meshing and shaft alignment correct
was the most important manufacturing problem. Because
the machine has a spur gear transmission system instead of a
belt-pulley system, slight mistakes in positioning could make
vibrations, noise, and tooth wear worse. To lower this dan-
ger, the motor base and intermediate gear shaft support were
changed during assembly to keep the 55-tooth drive gear,
90-tooth intermediate gear, and 65-tooth driven gear in sta-
ble contact with each other. The made-up gear configuration
kept the planned transmission function and supported the
calculated driven shaft speed range of about 1,015-1,523 rpm.

There was also an important result that had to do
with the cutting and grinding chamber. The shell had to

be close enough to the 300 mm rotating blade to keep ma-
terials from moving around inside the chamber, but it also
had to be far enough away to let the blade move freely. To
avoid blade contact, vibration, and material leakage, the
space between the blade path and the casing was verified
during fabrication. Using high-carbon steel for the cutting
and circular blades made the prototype more resistant
to wear, which is significant because these parts will be
hit and scraped by grass, straw, and grains again and over
again. The bolted blade configuration also made it easier
to keep up with because the blades can be taken off for
sharpening or replacement.

The built frame and base were strong enough to hold
the motor, gear train, casing, and rotating assembly. Any
little differences between the model and the built structure
were mostly due to cutting, welding, and bending sheet
metal by hand. Before the final assembly, local grinding,
slot correction, and re-alignment were used to fix these
differences. The protective case also made the created pro-
totype safer by covering the revolving cutting and grinding
parts. In general, the manufacturing stage showed that the
design can be made with workshop tools that are available
in the area. However, it also showed that gear alignment,
shaft concentricity, blade clearance, and casing rigidity are
the most important factors for keeping performance, du-
rability, and safe operation. The manufacturing process is
demostrated on Figure 12.

Figure 12. Illustration of the manufacturing process

Source: taken by authors
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Manufactured model. The manufactured prototype
confirmed that the designed system could integrate grass
cutting and grain grinding within one machine structure.
The completed model included the grass feed inlet, grain
inlet hopper, cutting blade, circular blade, grinder hammer,
frame, motor base, bearing housing, protective casing, and
spur gear transmission system. The 3 HP motor and gear
train produced an estimated driven shaft speed of approx-
imately 1,015-1,523 rpm, with a blade tip speed of about
15.9-23.9 m/s and driven gear torque of about 21.0 N-m
at 1,200 rpm and 14.1 N-m at 1,800 rpm. These calculat-
ed values indicate that the fabricated power transmission
system was suitable for rotating the combined cutting and
grinding assembly under the selected operating range.

The performance of the manufactured model was
verified through trial operation using fresh grass, straw,
and lentils. As shown in Table 5, the machine processed
fresh grass at 180-200 kg/hr and produced chopped ma-
terial of 2-5 cm. For straw, the measured throughput was
150-170 kg/hr with a similar cut size of 2-5 c¢cm, although
the feeding rate was slightly lower because of the drier ma-
terial condition. In the grinding test, lentils were processed
at 50-60 kg/hr and produced fine particles below 2 mm. The
trial observations also showed smooth feeding and uniform
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chopping for fresh grass, consistent cutting for straw, and
uniform grinding without clogging for lentils. These results
provide direct evidence that the manufactured prototype
can process both fodder and grain-type material under the
tested conditions.

The safety features of the manufactured model were
evaluated through design verification and operational ob-
servation during the trial. The cutting and grinding ele-
ments were enclosed by a protective casing, and separate
feeding and discharge paths were provided for grass, grain
powder, and chopped material. During the test operation,
the casing prevented direct exposure to the rotating blade
and hammer assembly, while the outlets allowed processed
material to leave the chamber without manual contact with
the cutting zone. However, no quantitative safety test, such
as failure rate measurement, operator risk scoring, vibra-
tion level, noise level, or long-duration reliability testing,
was conducted. Therefore, the result should be interpreted
as validation of incorporated safety features during pro-
totype operation, not as a full safety certification. Further
testing is required to measure energy consumption, vibra-
tion, noise, blade wear, and long-term failure rate under
continuous operating conditions. The final manufacture of
the machine is presented on Figure 13.

Figure 13. Final manufacture of a multipurpose grass cutting machine

Source: taken by authors

Trial of the machine. The test findings showed that the
prototype that was made could chop fodder and grind grain
in the conditions that were evaluated. Three materials were
tested: lentils, fresh grass, and straw. Table 5 shows the re-
sults in terms of throughput, output size, and operation-
al observations. The machine had the highest throughput
for fresh grass, which was between 180 and 200 kg/hr. The
chopped output size was around 2-5 cm, which means that
the cutting mechanism made fodder that was about the
same size, which is good for making feed for animals. Dur-
ing the fresh grass testing, the feed entrance, blade config-
uration, and discharge path were all in the right places for
soft green fodder, which meant that feeding went smoothly.

The throughput for straw dropped to 150-170 kg/hr, but
the cut size stayed the same at about 2-5 cm. The reduced
throughput compared to fresh grass is because straw is drier
and stiffer, which makes it harder to chop and less smooth

to feed. But the output stayed the same, which means that
the cutting blade and rotating shaft assembly could handle
dry food without too much trouble. The machine-made fine
particles smaller than 2 mm and processed 50 to 60 kilo-
gram of lentils per hour. This result proves that the proto-
type can grind things up and that the hammer and circular
blade configuration can turn grain-type materials into pow-
der. During the lentil trial, there were no clogs, which means
that the grain inlet, grinding chamber, and powder output
all worked well together under the specified environment.
Overall, the trial results, shown on Figure 14, reveal that
the machine cut fresh grass better than straw in terms of
throughput. The grinding operation had a lower throughput
since it needed to reduce the size of the particles more finely.
The test also showed that one prototype could use the same
motor-driven system to treat both long, fibrous feed and
grain-like material. The testing did not, however, contain
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any quantitative measurements of energy use, vibration,
noise level, blade wear, or failure rate over a long period of

Feed Intput

Feed Output

time. So, the results should be seen as early prototype vali-
dation rather than full performance certification.

Figure 14. Illustration of the input and output of the feed

Source: taken by authors

The results demonstrate that the machine worked dif-
ferently based on the type of input material and the sort of
processing operation that was needed. Fresh grass had the
highest throughput of all the materials evaluated, ranging
from 180 to 200 kg/hr. This means that the cutting device
worked best while it was cutting soft, wet feed. The fresh
grass came out in pieces that were 2 to 5 cm long, which
showed that the blade arrangement could make chopped
fodder that was quite uniform and good for feeding live-
stock. The throughput for straw dropped to 150-170 kg/hr,
but the output size stayed in the same 2-5 cm range. The
average throughput for straw was around 16% lower than
that of fresh grass. The drier and stiffer structure of straw
makes it harder to cut and slows down the feeding of mate-
rials. This is why the amount of straw has gone decreased.
But the machine nevertheless made cuts of the same size,
which means that the cutting blade and shaft assembly
could handle both green and dry feed materials in the con-
ditions that were tested.

The grinding test with lentils had a reduced throughput
of 50-60 kg/hr and a particle size of less than 2 mm. This

decreased capacity is predicted because grinding needs to
break things down into smaller pieces than just chopping.
You simply need to chop grass and straw into little pieces,
but you need to break lentils into small pieces, which means
the circular blade and grinder hammer need to touch them
more. The fact that there was no clogging during the lentil
trial shows that the grain input, grinding chamber, and pow-
der exit were set up correctly for the material that was tested.
In general, Table 5 shows that the prototype can do more
than one thing. The machine was able to cut more fodder
than it could grind grain, but it was still able to do both jobs.
The results also show that the same motor-driven system
may handle materials with varying textures and processing
needs. The table, on the other hand, just shows throughput,
output size, and basic operating observations. For a more
thorough performance assessment, subsequent testing must
encompass energy consumption, cutting efficiency, grinding
efficiency, vibration, noise level, blade wear, and long-term
operational stability. So, the results in Table 6 should be
seen as a first step in proving that the prototype works, not
as a full test of its long-term engineering reliability.

Table 6. Summary of the trial results

Material Throughput (kg/hr) Cut/Particle Size Observations
Fresh Grass 180-200 2-5cm Smooth feeding, uniform chopping
Straw 150-170 2-5cm Slightly slower due to dryness; consistent cut
Lentils 50-60 Fine powder (<2 mm) Uniform grinding; no clogging

Source: compiled by authors

The results of the present study demonstrate that
the developed combined grass-cutting and grinding ma-
chine can perform two feed-preparation operations with-
in a single mechanical system. The prototype successfully

processed fresh grass, straw, and lentils, producing a
throughput of 180-200 kg/hr for fresh grass, 150-170 kg/hr
for straw, and 50-60 kg/hr for lentil grinding. The results
also showed that the machine produced relatively uniform
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chopped material of 2-5 cm and fine ground particles below
2 mm for lentils. These findings indicate that the proposed
machine is suitable for handling both soft green fodder and
comparatively dry or hard feed materials. The use of a 3 HP
electric motor, spur gear transmission, removable cutting
blades, grinder hammers, and protective casing contribut-
ed to the stable operation of the system.

The findings of this study are partly consistent with
the work of J. Sinha & A. Kumar (2021), who examined the
ergonomic and mechanical performance of fodder cutters
by changing the number of blades and feeding throat ge-
ometry. They showed that blade arrangement and feeding
design strongly influence cutting efficiency and user com-
fort. The present study also confirms the importance of
blade arrangement and feeding stability, as smooth feed-
ing was observed during the trial with fresh grass. How-
ever, J. Sinha & A. Kumar mainly focused on ergonomic
improvement of manual fodder cutters, whereas the pres-
ent study developed a powered multipurpose machine that
integrates both cutting and grinding operations. N. Sank-
pal et al. (2017) worked on the design and modification of
chaff cutter machines to improve cutting efficiency and
reduce manual effort. Their study emphasized machine
modification for better usability, which is also reflected in
the current design. The common point between their work
and the present study is the intention to reduce labour and
improve fodder-cutting performance. However, the pres-
ent study differs by introducing a gear-based transmission
system and an additional grinding function, while N. Sank-
pal et al. mainly focused on chaff-cutting improvement.

A. Kumar et al. (2013), M. Yadaw (2015) and M. Ham-
mad (2019) designed and modelled a portable and safe chaff
cutter machine, giving importance to compactness and op-
erator safety. The present study supports this safety-ori-
ented approach by including a protective casing around
the cutting and grinding parts. Both studies recognise
that exposed rotating components create operational risk.
However, Hammad’s work was mainly centred on portabili-
ty and safe cutting, while the present research extends the
design concept by combining grass cutting and grain grind-
ing in one machine. S.M.S. Kumar et al. (2025) developed a
chaff cutter using an AISI-1019 blade and focused on blade
strength, cutting ability, and fabrication. Their work is re-
lated to the present study because blade durability is also
an important design consideration here. In this research,
high-carbon steel was selected for the grass-cutting and
circular blades to improve wear resistance and service life.
The difference is that S.M.S. Kumar et al. concentrated more
on blade material and cutting structure, whereas the pres-
ent study considered the whole machine system, including
power transmission, grinding mechanism, casing, and local
manufacturability. M.P. Patil et al. (2019) designed a flex-
ible chaff-cutting machine capable of handling different
types of fodder materials. Their work is comparable with
the present study because both machines aim to process
more than one type of agricultural material. The trial re-
sults of the present prototype with fresh grass and straw
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show that it can handle materials of different texture and
moisture condition. However, M.P. Patil et al. focused main-
ly on flexibility in cutting, while the present study adds a
grinding unit, making the machine more multifunctional
for feed preparation.

D. Yallappa et al. (2024) evaluated a power-operated
chaff cutter for selected fodder crops and considered perfor-
mance parameters such as cutting efficiency and through-
put. Their study is closely related to the present research
because both works tested machine performance using
fodder materials. The present machine showed a through-
put of 180-200 kg/hr for fresh grass and 150-170 kg/hr
for straw, which indicates practical applicability for small-
and medium-scale farms. However, D. Yallappa et al. fo-
cused on performance evaluation of a chaff cutter, whereas
the present study includes design, modelling, fabrication,
and performance testing of a combined cutting and grind-
ing machine. N.S. Navgale et al. (2023) developed a mod-
ified machine that combined chaff cutting and coconut
dehusking using a single motor. Their work demonstrated
that multiple agricultural operations can be integrated into
one compact system. The present research follows a sim-
ilar multifunctional design philosophy, but the function-
al combination is different. Instead of combining cutting
with dehusking, this study combines grass cutting with
grain grinding, which is more directly related to livestock
feed preparation. Therefore, the present machine address-
es a different user requirement and is more suitable for
farmers who need both chopped fodder and ground feed
ingredients. D.V. Nimbalkar (2018) and D.V. Nimabalkar et
al. (2018) designed a low-cost lightweight chaff cutter cum
grinder for small-scale farmers. Their work is one of the
closest to the present study because both machines com-
bine cutting and grinding functions. The common finding
is that a combined machine can reduce the need for sep-
arate equipment and simplify feed preparation. However,
the present study differs by using a spur gear transmis-
sion system instead of depending mainly on convention-
al belt-pulley arrangements. This gear-based design is
expected to provide better durability, more stable power
transmission, and reduced maintenance requirements.

Overall, comparison with previous studies shows that
many researchers have addressed individual aspects of
fodder-processing machinery, such as ergonomics, blade
design, portability, safety, flexibility, and cutting perfor-
mance. The present study contributes by integrating these
concerns into a single locally manufacturable machine with
both grass-cutting and grinding capacity. Its main techni-
cal distinction is the use of a gear-based power transmis-
sion system with a 3 HP motor, which produced a driven
shaft speed range of approximately 1,015-1,523 rpm and
supported effective cutting and grinding operation. The
study also demonstrates that practical design decisions
based on field visits, user feedback, component availa-
bility, and engineering calculation can lead to a machine
suitable for local agricultural conditions. However, further
testing with a wider range of fodder crops, longer operating
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periods, power consumption measurement, noise assess-
ment, and blade wear analysis would be necessary to vali-
date long-term reliability and commercial readiness.

CONCLUSIONS

The purpose of this study was achieved through the de-
sign, fabrication, and preliminary testing of a combined
grass-cutting and grinding machine for livestock feed
preparation. The developed prototype successfully in-
tegrated two major feed-processing operations- fodder
cutting and grain grinding, within a single motor-driven
mechanical system. The use of a 3 HP electric motor, spur
gear power transmission, cutting blades, grinder hammers,
separate feeding paths, and protective casing demonstrat-
ed that the proposed design can operate as a practical mul-
tipurpose machine under the tested conditions.

The review of relevant literature showed that previous
studies mainly focused on individual aspects of chaff cutter
development, such as ergonomic improvement, blade con-
figuration, portability, safety, low-cost fabrication, and per-
formance evaluation. However, limited attention was given
to an integrated machine capable of both grass cutting and
grain grinding with a durable gear-based transmission sys-
tem. The concept of a combined feed-preparation machine
is important because grass cutting and grinding are relat-
ed but mechanically different processes: cutting requires
controlled shearing of fibrous material, while grinding re-
quires impact and repeated size reduction of harder feed
materials. This study addressed both functions through a
combined cutting and grinding chamber.

The results of prototype testing confirmed the func-
tional performance of the machine. The machine processed
fresh grass at 180-200 kg/hr with an output size of 2-5 c¢m,
straw at 150-170 kg/hr with a similar cut size, and lentils
at 50-60 kg/hr with particle size below 2 mm. These results

indicate that the machine performed better for soft green
fodder than for dry straw, while the grinding operation nat-
urally produced lower throughput because finer size reduc-
tion was required. The protective casing, enclosed rotating
assembly, and separate outlets also contributed to safer
operation during the trial.

The novelty and practical value of this work lie in
the development of a locally manufacturable combined
machine using spur gear transmission instead of a con-
ventional belt-pulley system. This design can reduce the
need for separate cutting and grinding machines and may
support small and medium-scale livestock farmers in feed
preparation. Further research should include long-dura-
tion performance testing, measurement of energy con-
sumption, vibration, noise level, blade wear, gear wear, and
failure rate. Future studies should also test the machine
with different fodder crops and grain types, optimise blade
and hammer geometry, and conduct a detailed safety and
reliability assessment before commercial production.
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KoHcTpyKuia Ta Moaudikauis KoM6iHoBaHOI
TpaBopi3a/ibHO-NOoAPiI6GHIOBANbHOI MaLLUMHMU

AHoTauiqa. EdekTrBHe TPUTOTYBaHHS KOPMY /IS XyI0OM 3a/IMIIIA€THCS CEPII03HOI0 MPOGIEMOIO IJIST MaIUX Ta CEPEIHIX
depmepiB y BaHrnazert, ge pyuyHe pizaHHS KOPMY Ta OKpeMe BUMKOHAHHSI MTPOIeciB MoApiOHeHHST XapaKTepU3YIOThCS
3HAYHMMU BUTPATaMU yacy, TPYLOBUX pecypciB i hiHaHCOBMX 3aTpat. 3pOCTaHHS I[iH Ha KOPMM Ta 0OMeKeHMIT JOCTYII
IO TOCTYITHOT'O MeXaHi30BaHOTro 06/afHAHHS POOJISITh PO3PO6KY 6araToIliIbOBOi TEXHIKM MiClIeBOTr0 BUPOOHUIITBA
HaJI3BMYAITHO aKTyaIbHOIO IJISI CiTbChKOTOCIIONAPCHKOTO CeKTOPY. MeTolo 1jiei cTaTTi 6y/I0 CIIPOEKTYBATH, BUTOTOBUTHU
Ta OL[iHUTY KOMOGIiHOBaHY MAIIMHY AJIsI CKOLTYBaHHS Ta MOAPiIOHEHHS TPaBU, MPUIATHY /IS IPAKTUUYHOTO BUKOPUCTAHHS
B Banrnagen. V noctiskeHHI BUKOPUCTOBYBAINCS TIOJIbOBI BUi3AM, CIIIKYBaHHS 3 (OKYC-TPYIIOI0, MOJIE/TIOBAHHS Ha
OCHOBi aBTOMaTM30BaHOTO MMPOEKTYBAHHSI, BUTOTOBIEHHS TPOTOTHUITY Ta BUTIPOOYBAHHS MIPOAYKTUBHOCTI /1T OL[iHKA
KOHCTPYKIIii, eKcrulyaTaliii Ta MpuAaTHOCTI MallMHM 151 KopucTyBayda. Po3pobiieHa MalyHa 06’efHYE€ CKOIIYBaHHS
TpPaBU Ta MOIAPiIOGHEHHSI 3epHA B €AVHI KOMIIAKTHi CUCTeMi, 1[0 SKUBUTHCS BifI €7IeKTPOJBUTYHA MOTYKHICTIO 3 K.c. Ha
BiIMiHYy BiJ 6araThox TpagMULIiifHMX MaIINH, SIKi 3a/1eXKaTh BiJj peMiHHO-IIKiBHOI C1CTeMM, 3alIPOIIOHOBAHA KOHCTPYKILis
BMKODPMCTOBYE CUCTEMY Tlepefavi 3 IVIIHAPUYHUMM 3y6UacTUMM KolecaMu JIsl TiABUIL@HHS TOBrOBIUHOCTI, CTabiTbHOCTI
Ta repefavi MOTY)KHOCTi. 3y6uacTa KOHCTPYKIis 3a6e31euye KiHileBe repenaBaibHe uncio 0,846, o 3abe3neuye MBUIKICTb
BelleHOTO Basa nmpuban3Ho 1015-1523 06/xB Ta MIBMUIKICT KiHUMKA Jie3a pubian3Ho 15,9-23,9 m/c. BumpobyBaHHS 3i
CBI)XKOIO TPaBOIO, COJIOMOIO Ta COUEBUIIEIO ITOKA3AJIM, 1[0 MalIMHa Moske repepobssiti 180-200 kr/rox TpaBu, 150-170 kr/ro,
cosomu Ta 50-60 Kr/Tof coueBmIli Ha APi6GHMIT TOpOIIOK. [Tonpi6HeHMIT MaTepian 6yB piBHOMipHMM, TToJava — IJIABHOIO,
a 3aXMCHMI KOXKYX AOMOMIT MigBUIINTY O6e3MeKy eKkcrutyartallii. KOHCTpyKIlis TakoX 3a6e3reuye 3aTOUYBaHHS €3,
MiclieBe BUPOOHUIITBO Ta HMKYi BUMOT'M 4,0 TEXHIYHOTO 06CTYyroByBaHHs. Pe3ynbTaTi MOKYTh 6yTM 3aCTOCOBAHI B
IpibHOMAaCIITAOHOMY TBAPUMHHUIITBI, LIEeHTPaxX MPUTOTYBAHHSI KOPMiB Ta MaiiCTePHSIX Ci/TbCbKOI TeXHIKM JIJIs1 3MeHILeHHSI
TPYIO3aTpar, miABUIIeHHS eeKTUBHOCTI TepepobKy KOPMIB Ta MiATPUMKM MeXaHi3allii CiIbCbKOTO rocrogapcTsa

KnoyoBi cnoBa: razoHoKocapka; NoApiGHIOBaY; CiIbCcbKe IOCIONAPCTBO; CUTbCHKOIOCIIONAPChKA TEXHIKA; IPUTOTYBaHHS
KOPMiB
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