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Abstract

Alfalfa is one of the main forage plants used for animal feed. Four percent of the total cultivated area in Iran is dedicated
to this crop. Due to the fact that alfalfa has several harvests during its growth period, mowers have a special role for
farmers. The purpose of this study was to evaluate and optimize the performance of cylindrical mower by designing two
new blade types, and investigating the effect of blade type, forward speed and blade rotational speed on parameters such
as fuel consumption, cutting height, harvest loss and damage index. The modeled blades were designed in Solidworks
software environment and the force stresses were analyzed in Ansys software. Data analysis was performed using
response surface method and Design Expert 12 software. The results of analysis of variance showed that the forward
speed, blade rotational speed and the interaction between forward speed and rotational speed had a significant effect on
tractor fuel consumption. But blade length and other mutual effects ofthis factor had no significant effect on tractor fuel
consumption. Also, none of the independent parameters had any significant effect on cutting height, harvest loss and
damage index. The relationship between independent and dependent variables was modeled in the form of regression
equations. The optimal value for forward speed was 15 km/h, for rotational speed was 1596 rpm and for the blade lengh
was 6.15 cm.

Keywords: Forward speed, Fuel consumption, Mower Harvester, Response surface method, Rotational speed
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Table 2. Optimizing conditions for the cylindrical mower

performance
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Table 1. The coded levels of the variables with their real

numbers
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Factor 1 Factor 2 Factor3 | Response 1 | Response 2 | Response 3 | Response 4 | Response §
Run | A:Speed B:Blade |C:Rotational..| Fuel Consu.... time Cutting Heigh{Damage IndexX| Harvest Loss

kmh om s cm
1 12.00 6.15 1750.00
2 12.00 6.15 2000.00
3 9.00 6.30 2000.00
4 12.00 6.15 1750.00
5 9.00 6.15 1750.00
6 12.00 6.00 1750.00
7 15.00 6.15 1750.00
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9 9.00 6.30 1500.00
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17 15.00 6.30 1500.00
18 9.00 6.00 2000.00
19 15.00 6.00 2000.00
20 12.00 6.15 1500.00
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Fig 2. Suggested plan for performing experiments by
software
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Table 3. Classification of the damage level for the
harvested stems (Momin et al., 2017)
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Fig 3. Classification of damage levels for alfalfa stem after
harvest based on the criteria of Momin et al. (2017)
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Table 4. Results of analysis of variance of the effect of forward speed, blade type and blade rotational speed on fuel
consumption and cutting height, harvest loss and damage index

(MS) Sl yo (Sle
ol a5Ls oy Elis)| S g s ol is e
Damage index cusls p Cutting I (df)) S Msé\’/
Harvest loss heigth Fuel e '
consumption
0.1114"s 49,21 s " 1755.44** 7 o
' ' 0.0522 ' Model
n.s
0.0027 s 23.04 s 0.0260 8683.86** 1 A
n.s
n.s ns n.s
0.0691 133.51 0.2033 1.55 1 B
0.0089 ns 2.42"ns 0.421ns 973.22* 1 C
-6n.s . ns X
8.62¢ 18.44ns 0.0158 187.46 " 1 A*B
n.s
n.s n.s * *
0.0068 166.89 0.0309 2426.04 1 A*C
n.s
n.s -13 n.s n.s *|
0.0068 4.547e 0.0162 10.24 1 B*C
n.s
0.17ns 0.1408 s 0.0308 5.70 1 A*B*C
0.0288 314.88 0.4708 81.57 12 >
Error
- : - : 19 &
Total

Sl sxe pas ns o0 0 sl maw jo (gl e * oy ) il man 5o (gl e ol S *x

e o X (g 8y Bl 51 L5 5 0,5 Jlo ime 53l B
Sy Glojer 8l el o gre (Bpan CEgu Glie 2 (Sig0
Sldas Gl Gl 5 Gials spass el S50 ey g (55000
IR 586 Cou ol g job ]y S g Bran ) (nl il g 99 o
Ol 9 SRl oty Sy & e (Jle gln and e
@ ol Slypo g g )55 Slibs il (Ll Ak Gl ey
g 95l 990 (5 5 958 (o0 Sl atde Silus S ;0 oS

aihise ol (Bpae

Fuel Consumption
Fuel Consumplion

CEgw olie 595 » Ll WU (wyp -Y-Y

B a0
ad Job g 4h5 (590 s g pbn S p polie SIGIE JSS 50
Lol oaliosls HliS (Brac S gw Gl s g6 plen b axs
iy GblS g Gy (g9 s s 33l b ol Lt gl
ol osalie L IS 10 a5 psbilen Lol il o Lialsdl 52515
C g Olien 2 smnp 2y30 Jolse plo b ol blie 515 455 g5

Fuel Consumption

Mgy

;O B: Blade C: Rotational Speed A: Speed

Gy 9 (59 iy S i 9 (31590 S8 o g Ak 0y A Jgbo 1o i o pr A Jab g (59 piey oy AT oo Ol 1 -F S

Srao CSgw 59 p 4k (Jhed
Fig 4. Interactions a: Forward speed and blade edge length, b: Blade edge length and rotational speed, and c: Advance
velocity and blade rotational speed on fuel consumption
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