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¢ awfacturing and Evaluation of Low-Cost Power Tiller Blades
El-lraqi, M. E.”

ABSTRACT

This study was carried out under two different soil conditions (clay
and sandy loam soils) to evaluate the performance of two different scurces
for smanufacturing of power tiller blades from old steel leaf springs of Jeeps
and Trucks compared with Japanese "Kobashi company” biades under
Egyptian field conditions. The objectives of this investigation are to
fabricate the power tiller blades under local condition to reduce the cost
per effective operating hour, to find out a tendency of the shape variation
of blade cutting edge by wearing during cultivation operation, and to
discuss about why the farmers did not pay attention to the cutting edge
£ A,

The results of this investigation showed that, the life of biades
iz cated from old leaf springs of Jeeps LJ and Trucks LT were 90 and
b4 . respectively, compared with Japanese blades. However, the cost per
effective hour has been reduced by 67.77 %. Also, there were no
significant differences in decrease of blade width and weight among the
three cutting edges due to wearing. The outside-edge resulted in less
wore-off weight. The three edges were reshaped into a similar outside-
cutting edge during cultivating operations. Therefore, the farmers did not
pay attention to the cutting edge shape of the blade.

INTRODUCTION

Tools with positive drive such as rotary cultivator perform complex
motions. Posilive drive produces dynamic interaction between the tcols and the
sc and the plant roots therein. Therefor, the rotary cultivator can be used o
break hard lumps of soils, 1o process severely weed infested soils, and to cut
statks and plant shoots (Klenin et. al, 71985). They added, the rotary tiller is a
power intensive process, and the power consumed by rotary tiller is greater
o rmat by plows. On the other hand, the rotary tillers are befter for loosening
w00 sad weed infested soils. So that power gonsumption during subsequent
cGu working is reduced. However, Kepner et. al. (1987) and Bosoi et. al.
(1537) reported that the rotary cultivators are good for cutting up vegetative
matter, mixing it throughout the cuitivated layer and mixing chemical into the
soit Also they mentioned that the rotary cultivation has a positive effect on
pnyscal properties of the soil, on water and nutrient regimes of plants.

Sal'nikov (1880) indicated that, the maximum linear wear on the knives is
obserwed on fhe bent section, which should be case-hardened by high
frequency current. The complex structure of metal with different hardnesses and
the different wear-resistance of different sections evidently creates conditions
for wear of the metal with different intensities, which in turn will create
cond#ians for sel- sharpening of the blades. However, Yatsuk ef. al. {19531}
reconted that the wear at the cutting edges of flat knives is up to 3-5 mm and the
knivxs  become incapable of further work when the working tocls of rotary tiliers
ooerate under difficult conditions of abrasive wear and high cutiing speeds in
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working 20-30 ha of land. They also indicated that, even for a cutting speed of
12 m/s minimum wear has been observed in the case of rotary cutting knives
made of 55 S. spring steel, oi-hardened at 870°C; tempered to 460°C;
hardness of HB Z83. Therefore, they stated that, the use of high quality steeis
for the working blade rotary tillers does not prevent wear of the cutting edge of
the blades. Khurmi and Gupta (1934} mentioned that, the steel C75 which
contain 0.70-0.80% carbon{C} and 0.50-0.80% manganese {M,)was mainly
used in manufacturing leaf springs, shear blades and cultivator's shovels

Muro (1972) studied the shape variations of constriction machine tools by
wearing with earth and sand. The variation of edge shape by wearing influenced
cutting resistance and work performance. But his study did not mention about
what shape of edge occurred with wearing when providing different coriginal
shapes of edge. Sakai (1975) mentioned that, the section shape of the blade is
consider as the one of the important design factors relating to the performance
of rotary blades, this is related to the value of the frictional resistance between
the blade and the untiled soil. However, the pervious studies reported that an
inside-edge reducad cutting or penetrating resistance by the decrsase of
pushing and/or pressing the untiled soil by the backside edge. (Sakai and
Shibata, 1977; Sakai and Hal, 1982; and Hai and Sakal, 1983). Meanwhile,
the combination-type sharpening of biade resuits in a reduction in soit cutting
resistance. In this case the sharpening of the blade stem should be done from
the inside and frein the out side. Also, they reported that, the fine sharpening (
20-25%; from the outer side (from the furrow bottom side) should be done for ihe
blades . These tiades were established that a decrease in the cutting angle to
28° and reduces e resistance of the cutting by 20-25% and the blades are
more weat resistance, {Yatsuk et al. 1981). Studies on wearing of tiller bladas
were tended to focus on decreases in weight and blade width (Yamada, 1$93)
but he did not pay attention to the shape variation of the edge. Power tifler is
widely used in cultivation operation in Japanese farming and a lot of important
data and information have been accumulated for designing and manufacturing
power liller biades. And how to shape an edge of the blade has been attractive
and important issue for agricultural engineers, in order to reduce cultivation
resistance, to keep them from wearing, and to save manufacturing costs
(Shibusawa, 1996).

The main chjective of this study is to fabricate power tiller blades under
local manufzcewing condition to reduce the cost per effertive operating hour.
While the speniic abjectives are to evaluate the locally fabricated blades for
wearing peitern cempared with imported blades, to find out a tendency of the
shape variaiion of blade cutting edge by wearing during cultivation operation,
and 1o discuss about why the farmers did not pay attention to the cutting edge
shape.

MATERIALS AND METHODS

The field experiments were cafried out in two different sites one of them
was a sandy ioam soil and the other was a clay soil, Gharbia Governorate, during
1699 and 200C agricultural seasons. However the laboratory tests for measuring
hardness and chemical compositions of the blade materia! were: conducted n the
laboratories of Kafr E-Sheikh Engineering Faculty, Tanta University. The scil
mechamcal analysis of the experimental fields was carried out in ths sod
research insiive laboratory and the data is summarized in Table {1).
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_-able {3} The mechanical analysis of the experimental field soif,

3 item Site | Site Ui

E Practical size C.Iay, % 2521 18.7

' distribution Silt, % 26.16 20.61

Sand, % 18.63 61.32

i CaCo3, % 1.37 1.49

Organic Matter, % 1.78 1.83
Soil Textural class Clay Sandy loam

The specification of the power tiller, which was used in this study and the
conditions of the experimental field are listed in Table (2).

Table (2): Power tiller specification and experimental field conditions

Type LAMBORDIN!
Power tiller Rat:eed power, KW C 127
Weight, kg 370
- Cuttivation width, mm 700
Te stad blades : Thrge groups of B blades with respective shape of
_____ cutting edge and source of blade were used.
Forward speed, km/h {m/fs) | 0.8 {0.22)
Citivation conditions | Cultivation depth, mm 100
o Rotational speed, rpm 280
| Scil meisture content Ranged from 17 {0 21% (d.b.)

Scone of variables

1- Tnree diierent sources of manufacturing of power tillers blades, namely;
‘abricated blade from old leaf springs of Jeeps LJ, locally fabricated biades
irom oid leaf springs of Trucks LT and Japanese blades supplied from
“oebashi Company KC. {the original steel of three different sources was
75, Khurmi and Gupta ,1984)

2- Three types of cutting edge shape (inside, out side and dout!lz side cufting
e2ge)

3- Two different soil textural type ( clay and sandy loam soils)

Mezinhodology .

A0 old leaf springs of Jeep or Truck with 20 mm width and 7mm thickness
v.as wsed to fabricate the power tiller blades. Each piece of the leaf springs was
kept 280 mm long. The pieces of leaf springs of Jeeps were heated and bent to
the reguired shape of the blades under the hardening process, These blades
werz heated fo B00°C followed by quenching with SAE-40 oil (according to
Pradhan et al, 1995). Subsequently, the tempering process is carried out in
wo stages First of all, the cutting tip portion of the blade was heated up to
2002 and cooled to room temperature. Thereafter, the holdon portion of the
blats was heated up to 500°C followed by cooling to room temperature tc
obiawy required hardness. However, the heat treatment proces: for ofd ieal

;= was carried out without control in the heat temperziure {iocsiy
ation). The fabricated blades were formed as the curved shane of Sopashi
Coumpany blades KC with same dimensions.
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Three groups of 8 fabricated blades from old leaf springs of Jeeps with
respective shape of cuting edge, namely; inside-edge, outside-edge and
double side-edge were used to study the effect of cutting edge shape of the
blade on wear pafterns. An inside-edge is a single cutting edge sharpened on
the one side (30° sharpen angle according to Skibusawa, 1996) pushing and
cutting into the uncultivated soil, and an outside-edge is aiso a single cutting
edge but sharpened on the other side (30° sharpen angle) for the clearance. A
double edge is a both-side sharpened edge (30° sharpen angle).

Measurements
1- Hardness and chemical compositions of the blade material.
Samples of fabricated blade from old leaf springs of Jeeps (LJ) and locally
fabricated blades from old leaf springs of Trucks (LT} and Japanese Kobashi
blade (KC} were sent to the laboratories of Kafr EL-Sheikh Engineering Faculty,
"Tanta University to determine the hardness and chemical composition of the
blade materials. The hardness at the tip, middle and holdon portion of the blade
was measured as shown in Fig. {1} and the average hardness was caiculated.

2- Wearing pattern in the blade

The width and weight of each blade was measured before and after the
cultivation operation period to determine wearing pattemn in the power tiller
blades. The decrease in width due to wearing was measured at two sections A-
A and B-B as shown in Fig. (1). B-B section, which might induce the maximal
wearing off, was located at the intersection between vertical and horizontal
portions of the blade. A-A section laid on the middie of the horizontal portion
. and its end was equal to the tip of the blade whnch cut the soil with the maximal
speed of a rotating blade.

Vertical portion

Eending line

Horizontal portion

¥ Measuring points
of hardness

10 mm cutting

Fig. {1): Shape of test blades and measuring sections of blade width.

3- Effective operation hours

The effective operating hours {iife of blade) was measured under the field
conditions untii of the blades' tip was completely wom out to determine the
blade life, consequently, estimate the cost per operating hour for each
manufacturing biade source.

RESULTS AND DISCUSSION
4- Har = #nd chemical composition
Thg a nardness and chemical composition of fabricated leaf spring
blages ar J dapnese (Kobashi Company) blades obtained from the taborztory
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=r-z.neering Facully, Kafr El-Sheikh, Tanta University are presented in Table

Bl (3) average hardness and chemical composition of powet tiller blades.

Hardness, HRC Cherical composition. % |
At Al a . Original
Sovrsz of blade | hoigan | middie tp |average Ca_?;_on Mag&aqese Si'iisc?n f;iil
e portion | partion | portior: 4 n !
Kozashi 4

- Comeany, KC | 434 | 452 | 449 | 443 | 083 0.72 158

Z:; TGS of | ag3 | 411 | 428 | 407 | 067 0.75 161 %tggl
Leaf : -2 of .

Trucke 3 339 | 348 | 344 | 343 | 069 | 1.67 |

It was observed that Carbon, Manganese and Silicon content of old leaf
spring blades were lightly more than that of Kobashi blades KC. The
compaosition of blades fabricated from old leaf springs of Jeeps LJ and Trucks
LT were nearly identical.

Considering the hardness at different portions on the blade, the minimum
hardness was found to be at holdon portion for any given blade. The average
hardness of LJ blades after heat treatment process was HRC 40.7, which is
less than the KC blades (HRC 44.9). In case of the L blades the maximum
haréness was found at the tip portion and the hardness was gradually
decrzzsed towards the holdon portion. But in the case of LT blades, the
rexawarn hardness was found at the middie portion of the blade and the
average hardness was only HRC 34,3. These results may be due to improper
heat treatment process adapted.

-_Wearing pattern

- -1 Effect of manufacturing blade source
The wearng pattern occurred in the Kobashi blades KC and in the

fabricated blade from old leaf springs of Jeeps LJ and Trucks LT are presented
i "= Table (4). The data reveal that after 50 and 90 operating hours, the mean
~t a7 rate was 0.56 gh and 0.48 g/h for KC blades, respectivety. White. it was
G&1 gm and 053 g/h for LJ blades after 50 and 81 operating hours,
respectively. However, the corresponding values for the LT blades were 0.64
g/h and 0.56 g/h after 50 and 76 operating hours, fespectively when operated
blades in clay soil. it can be also observed thatthe wear rate for all blades
under study was higher in case of sandy loam soil condition than that observed
in case of ciay soil condition. it may be due to increasing sand percentage,
which results in more friction and more wear rate in the power tifler hiades.

After the blade’s tip was completely wom o, the effective operation hours
were found to be different for each blade source under study. The KC biade
rove the highest effective operation hours of 80 and 82 h when operated in clay
« 1 sandy loam soils, respectively. While, the minimum effective operation
rurs of 76 and 68 h was obtained by using LT blade in clay and sandy loam
¢2a&, respectively.

H can be also noticed that the wear rate after blades' tip was completely
wzin  out was lower than that after 50 hours of operation. The wear rate of 0 48,
L 37 and 0.57 g/h were obtained due to using KC, LJ and LT blades afier 90, 81
ent 76 operating hours, respectively in ctay soil condition. However, the
cortesponding values of wear rate after 82, 71 and €8 operating hours in sandy
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loarm sod condition were 0.55, 0.63 and 0.67 g/h using KC, LJ and LT blates
nespectivaly

Tabie {4); wear pattern Yor different blades under field condiions

After 50 hours of Afer the biade 5 1- was

Sod Source of blade — Effe:: I w =5
type Weight | Wear | ol weght .
kozs, g | rate, gh hours ioss, g e
Kobashi Company, KC 27.80 0.56 90 4382 04t

Clay | Leaf springs of Jeeps.Ld | 30.70 | 0.6 81 | 4264 | 053
Leaf springs of Trucks, LT | 3180 | 0.64 | 4300 | 057 -
Kobashi Company, KC 2265 065 82 44 91 055
Sl:::‘y Leaf springs of Jeeps, LJ | 35.50 071 7 4469 | 063 ﬁl
t.eaf springs of Trucks, LT | 368.65 0.73 68 4574 067 |

The wearing pattems ofLlJand LT blades were observed to be similar to
the KC blades. It is also observed that the maximum, typical and minimum
wearing of a particular blade was irrespective of its position in the rotary drum.
The maximum, typical and minimum wearing patlemns of the KC blades are
shown in Fig. (2-A,B,C).

Fig. (2-A) : The maximum worn out of

Fig. (2-B) : The typicat wearing pattemn

Fig. (2-C) : The minimum wom out of

Alser 4

KC blade

of KC blade

KC blade

Considering the wearing paftern of these three groups cf blades under
field conditivns. it was obsefrved that the mean wear rate has been reduced
dunng the lztter period and the blades could be successfully used for 8C B4
and 78 hours of operation for KC, LJ and LT blades, respectively. The
maxiraun roon wear rate of 0.64 g/h after 50 hours of field operation was
obsered oy LY tiades. Whereas, the minimum rate for KC blades was 0.5€ g »
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W case of clay soil condition. In addition, brake and distort:on of biades were
also noticed for locally fabricated blades from old leaf springs of Trucks. The
breakage and disiortion of blades were due to low value of hardness (34.3
HRC), as proper heat treatment process was not adopted for them.

2-2 Effect of cutting edge shape of the blade
The fabricated blades from old leaf springs of Jeep which prepared to

study the effect of the shape of cutling edge on the wearing pattern were
operated under the clay and sandy loam fisld conditions up fo tne blade’s tip
was completely womn out. The average of reduction in width and weight due to
wear are summarized in Table (5). o :

Table (5): average reduction in width and weight of the fabricated blades and
standard divination after the blades’ tip was completely worn out.
Soii . Inside-adge Double-edge Qutside-edge
type | Measuring section Average | SD | Average | SD | Average | SD
Section A-A, mm 445 11077 485 0.87 470 0.77
Clay Section B-B, mm 470 1.26 5.75 1.21 5.85 1.12
We'\ght, ] 42.31 B892 ] 4264 2.78 3566 2.3
Sandy Section A-A, mm 475 11231 620 0.94 5.05 0.91
[y Section B-B, mm 5.80 141 835 .29 6.20 1.26
Weight, g 4426 111 4468 | 307 4198 301

These results cleared that, the average value of the reduction in blade
width and weight due to wear was greatly affected by the shape of cutting edge
of the blade and soil conditions. The reduction in blade width was higher at the
measuring section B-B than that A-A. Alse, the values of blade width reduction
were found to be higher under the sandy loam soil condition than that under
clay soii condition as shown in Figs. (3 and 4). B-B section gave a relatively
normalized distribution of the data for the three edges compared with the data
of width reduction at A-A section. ‘ '

@Catysoll_ Disandy loamsoll |
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Fig {3y Effect of the shape of cutling edge on the reduction in widin cue 10 wear.
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calysol Osandy foam soil |

45 -

40 +

Reduction in weight, 9

35 - Y ¥ St

inside-edge Doubls side-adge Qutside-edge B
Fig.(4): Effect of the shape of cutting edge onthQ reduction in weight due to wear.

The maximum reduction in width and weight of the blade due to wear was
obtain for double cutiing edge shape at both measuring section A-A and B-B
under any given socil conditions. However, the inside cutting edge provided the
largest range (highest standard deviation) between the maximal and minimal
values of reduction in width and weight of the blade due to wear. While, the
outside cutting edge gave the lowest standard deviation. In addition, the value
for average of weight reduction in the outside-edge was lower than other two

shapes. Therefore, it could be cleared that, the outside cutting edge resulted in
less wore off width and weight. )

Outlooks of the worn edges are illustrated in Fig. (5). All new tested blades
had 30° edge angle. After the 50 hours of operation, wearing deformed the
original angled edges, followed by reshaping a new outside-edge with angles of

about 70°, . .
Wearing surface ~ Wearingolf  'veanng surface

Wearing oft . ! \ #f
= ' K ! 30° edge angle
7 ' around 70°
V around 70° . :/
(a} Double-edae . {b) Outside-edge

© Wearing surface

Fig. (5): Wearing oif_f pattems around the blade edge.
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!In ihe eases of the inside and double side-edges, the angle on the
imarsection belween the edge and the scoop surface was abrazded off and
flatened. Consequently, the different types of edge disappeared and changed
int: a similar shape of edge as an outside-edge of 70° in angle. This
phenomenon induced more wearing of weight for the inside and double side-
edges. This fact also jed to another aspect: any shape of edge was
often/usually re-shaped into a similar edge early in the using period, and then
the farmers had used a similar type of blades in spite of getting new different
blades. This may be the main reason cleared why the farmers did not pay
altention to the cutting edge shape. .

3- Operation cost _

The data of fife {(effective operation hours) and cost per operation hour of
the three different sources of power tiller blades under study are listed in Table
(6). From these results it was observed that the Kobashi blade KC costing 38
LE per set and it could be used for 90 operation hours costing 0.422 LE/.
Whereas, the fabricated biade from old ‘eaf springs of Jeeps LJ cost only 11
LE/set and this could be used for 81 hours costing only 0.136 LE/h under clay
seid condition. Thus the cost of operation could be reduced by about 67.77%,
when using the fabricated blade from old leaf springs of Jeeps instead of
Japanese “Kohashi” blades.

The effective operating ime of Li and LT blades were about 80 and 84%,
respectively compared with Japanese blades under the clay soil condition.
However, the corresponding values under the sandy loam soil condition were
87 and 83%, sespeciively. Therefore, it could be cleared that, the effective
operating hours of the fabsicated leaf spring blades is nearly par with the
Japanese “Kobashi” blades whefeas, the cost per set of these blades has been
reduced by 27 LE. Even though the locally fabricated blades from old leaf
springs of Trucks - is gaining popularity among the power tiller owners because
of their fow cost (0.132 and 0.147LEMh under the clay and sandy loam
canditions, respectively). These blades need proper heattreatment to prevent
distortion and breakage.

Table {8): The life and cost per opetation hour of the power tilier blades

2T e TR
Kobashi Company. KC | 38 { 90 0.422 00.00
Clay | Leafsprings of Jeeps.Ld | 11 81 0.136 67.77
Leafsprings of Txcks, LT{ . | 78 0.132 68.70
Kobashi Company, KC | 38, | 82 0.436 00.00
Sandy | eafsprings of Jeeps, L3 | 11 | 71 | 0155 66.52
i Leaf springs of Trucks, LT 10 68 0.147 68.25

* 10U 5AS$=4.23 LE (Average price 2001)
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Conclusion and Recommendations
The following conclusions can be derived from the above study:

1.Tne hardness and composition of old leaf springs of Jeeps LJ and “rucks
LT wsre suftable for fabrication of low-cost proper tiller blades if propar heat
yraatment process is adopted, and it could be manufacturing it in Egypt

2.The effective operating hours under clay soil condition are &0, 87 wnd 76
fewe for Japanese “Kobashi® blades KC, fabricated blade rom 01 leaf
springs of Jeeps LJ and locally fabricated blades from old leaf apdngs of
Trucks LT, respectively.

3. rere s saving of 27 LE/set in the fabricated blade from old leaf so ngs of

s in comparison to “Kobashi” blades.

; fabricated blades from old leaf springs of Trucks hase gained
poinlarily among the power tiller owners because of their lcw -ost per
effective operating hour. However, these blades need proper heat hizatment
for icnger life to prevent distortion and breakage.

5.The outside-edge shape resulied in less wore-off weighl. The shape
variation bv abrasion was clearly different among the three edpes. The
three cdges were reshaped into a similar outside-edge during the cultivation
cperation. :

€ Farmers had been using a similar reshaped edge on tiller blades during the
most part of the using period, though they got new blades with different
shapes of edge and did not pay attention to the cutting edge shape.
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