Investigation of the effects of blade geometry, material, and hardening
method on the wear resistance of sugarcane harvester cutting blades

ABSTRACT

One of the problems associated with sugarcane harvesting machines is wear of cutting blades, which leads to reduced
cutting quality, increased machine downtime, and higher operating costs. Optimal and wear-resistant blade design can
improve operational safety. Evaluating blade materials in combination with blade geometry and hardening methods is
essential for designing blades with long service life and performance. Previous studies investigated these factors
independently. The objective of this study was to evaluate the simultaneous effects of blade material, geometry, and
hardening method on the wear resistance of cutting blades used in sugarcane harvesting machines and to identify suitable
combination under the conditions investigated. The innovation of this study lies in adopting an integrat
evaluate the combined effects of blade material, geometry, and hardening method on wear performan
practical basis for selecting suitable blade configuration for sugarcane harvesting applications. Wear wa
measuring the difference in specimen weight before and after 24 h of harvesting operation using 3jhigital balancefllvith an

reinforced geome e the lowest
wear, with a value of 68.15 g. Furthermore, the combination of 100Cr6 ste d induction hard@nif@resulted in the
lowest wear, with a value of 64.41 g.

Keywords: Blade geometry, blade material, induction hard%ng, thermal ing, wear

Introduction

with stalks, soil, sand, and other abrasive parthles. Blade wear reduces cutting quality,
increases cutting force and fuel cggsumption, @rolongs machine downtime for blade
replacement, and ultimately increase§ operating cgits. Optimal, wear-resistant blade design
can refine the blade geometry, elirNg nesses, and enhance operational safety.
Therefore, evaluatingand compi ent blade materials, particularly in combination
with blade geo%eéy andyardenin

service life ancgppti
independently, where
of blade
produced by har g method. The main objective of this study was to simultaneously
determi imal blade geometry, material, and hardening method for designing
blades reater wear resistance. Rather than treating blade material, geometry, and
hardening method as independent design parameters, the innovation of this study is the
integrated assessment of these factors within a single experimental framework, with
particular emphasis on their combined effects on blade wear behavior. This approach helps
clarify the extent to which the wear performance of sugarcane harvester cutting blades
depends on the interaction among material, geometry, and hardening conditions, providing
a more reliable basis for blade design and selection.

Method
In this study, blades were manufactured from three steel grades (100Cr6, 16MnCr5, and

Ck60), in three geometrical shapes (triangular, reinforced, and crescent-shaped), and
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hardened by two methods: induction and thermal hardening. After preparing all specimens
and before conducting the field experiment, their hardness was measured under laboratory
conditions using a hardness tester as an indicator of wear resistance. The blades were then
installed on the harvesting machine. After 4 h and subsequently every 2 h until 24 h of
operation, wear was evaluated by measuring the difference in specimen weight before and
after harvesting operations using a digital balance with a accuracy of 0.01 g. The
experiment was conducted as a factorial experiment within a randomized complete block
design over a period of 20 days at Mirza Kuchak Khan Agro-Industrial Complex
(Khuzestan, Iran). The three blade materials, three geometrical designs, and two hardening
methods were considered the independent experimental variables, while bladegwear was
the measured dependent variable.

Results
The laboratory test results showed a positive correlation between bla

resistance. Analysis of variance of the field experi
hardening method, blade material, blade geometry, and the
method and blade material on wear were significant at the 19

lower wear, respectively. Regarding blade reinforced blade had the lowest
wear, with a wear loss of 68.15 g after 24 h

that the combination of 100Cr6 steelgand inductiqll hardening resulted in the lowest wear
and highest hardness, with a wear Id§s of 64.41 ter 24 h of blade operation. According
to the regression model, wear resi in€reased with increasing hardness, with a
coefficient of determ'“ation of 093. Fog@| blades, wear showed an increasing trend over
time and reac“c“ts maglmum at 16-18 h of operation. After 18 h, a relative
decrease in weargvas for all steels, which was probably due to the formation of
oxide layers and co d wear particles on the contact surface, a reduction in the
roughness cting surfaces, and the transition of the wear process toward a
steady-state con

Conclug
The opti combination for manufacturing sugarcane harvester cutting blades was the

reinforced geometry, 100Cr6 steel, and induction hardening. A blade manufactured with
these specifications can substantially mitigate the problem of cutting blade wear in
sugarcane harvesting machines and is therefore recommended as the optimal blade
manufacturing combination.
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