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Abstract 
The aim of this work was to study the behavior of sugarcane bagasse submitted to cutting, as a function of its moisture content, angle of 
the blade edge and cutting speed. The specific cutting energy and peak cutting force were measured using an experimental facility developed 
for this series of experiments. An analysis of the results of the full factorial experimental design using a statistical analysis of variance 
(ANOVA) was performed. The response surfaces and empirical models for the specific cutting energy and peak cutting force were obtained 
using statistical analysis system software. Low angle of the blade edge and low moisture content are, in this order, the most important 
experimental factors in determining a low specific cutting energy and a low peak cutting force respectively. The best cutting conditions are 
achieved for an angle of blade edge of 20.8° and a moisture content of 10% w. b. The results of this work could contribute to the optimal 
design of sugarcane bagasse pre-treatment systems. 
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Estudio del comportamiento del bagazo de caña de azúcar sometido 
a corte 

 
Resumen 
El objetivo de este trabajo fue estudiar el comportamiento del bagazo de caña de azúcar sometido a corte, como función de su contenido 
de humedad, ángulo de filo de la cuchilla y la velocidad de corte. La energía de corte específica y la fuerza de corte pico fueron medidas 
empleando un dispositivo experimental desarrollado para estos experimentos. Se realizó el análisis de los resultados del diseño factorial 
completo utilizando un análisis de varianza (ANOVA). Las superficies de respuestas y los modelos empíricos para la energía de corte 
específica y la fuerza de corte pico se obtuvieron mediante software estadístico. Un ángulo de filo pequeño junto con una baja humedad 
son, en ese orden, los factores experimentales más importantes para lograr bajos valores de energía de corte específica y de fuerza de corte 
pico respectivamente. Las mejores condiciones de corte se alcanzan para un ángulo de filo de la cuchilla de 20.8° y un contenido de 
humedad de 10% b. h. Los resultados de este trabajo pueden contribuir al diseño óptimo de sistemas para el pre-tratamiento de bagazo.       
 
Palabras clave: bagazo de caña de azúcar; energía de corte especifica; modelo experimental, biomasa; pre-tratamiento. 

 
 
 

1.  Introduction 
 
According to Larsson et al. [1], pelletized biomass is 

rapidly becoming an important renewable source of energy 
production. Several researchers have found that the 
mechanical integrity of the densified biomass was better in 
general for moisture contents of less than 15% (w.b.) and 
fiber sizes less than 19 mm [2]. Densification has encouraged 
significant interest around the world as a technique for 
utilization of agro and forest residues as an energy source [3], 

and pellets/briquettes production has grown rapidly in 
Europe, Northern America and China in the last few years. 
Mechanical densification of biomass into fuel 
pellets/briquettes has been shown to significantly reduce 
storage and transportation costs [4]. The cutting process is 
one of the most important steps for biomass preparation prior 
to densification. This stage helps to homogenize the raw 
material and therefore facilitate handling, feeding and filling 
in the briquetting equipment. Nowadays, for by-product 
industry, a better knowledge of material behaviour during 
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cutting is needed for economical and productive reasons. 
Biomass machinery and tool manufacturers require reliable 
information on the main factors influencing biomass cutting, 
i.e. the specific cutting energy and peak cutting force [5-7]. 

The sugarcane industry generates large amounts of biomass, 
such as bagasse and straw, which can be used for power or 
thermal energy generation and for other engineering 
applications [8]. Processing the bagasse into a densified fuel 
through pelletisation will be an economically attractive option 
for this by-product. It is common practice to conduct a pre-
treatment to biomass before pelletising, like cutting and drying. 
From an engineering viewpoint, few papers on biomass cutting 
process have been published, especially with respect to 
sugarcane biomass [9]. Also, the research that has been carried 
out in general on the pre-treatment of sugarcane bagasse and 
cutting machinery for bio-briquette production is very limited 
at this time [10-12]. Habib et al. [13] categorized the different 
parameters affecting the performance of the cutting process. 
They showed that the main parameter of the cutting tool is the 
knife-edge angle, and that of the biomass is the moisture 
content, whereas, for the operation machine conditions, the 
main parameter is the cutting speed. 

The scope of this work was to assess the suitability of the 
cutting process for sugarcane bagasse. Extensive cutting tests 
were carried out in order to assess the physical variables 
involved. The variables explored included the moisture 
content, the angle of the blade edge and the cutting speed. 
Specific cutting energy and peak cutting force are both 
important parameters describing the cutting process, for that 
reason, the surface responses and empirical expressions for 
these parameters were obtained. 

 
2.  Material and method 

 
2.1.  Sugarcane bagasse biomass 

 
The sugarcane bagasse was obtained from agricultural 

lands in the Cundinamarca Department, Colombia in January 
2013 and stored for two weeks in the laboratory. The 
recollecting process was conducted carefully in order to 
avoid contamination of the samples with other process 
materials. This sugarcane bagasse came from 18-month-old 
plantations that use Colombian traditional cultivation 
processes. 

 
2.2.  Sample preparation 

 
These samples were completely dehydrated in a muffle at 

a temperature of 80ºC for 10 hours. Once the samples were 
completely dried, they were weighted and hydrated in 
moisture percentages on a wet basis of 10%, 20% and 30%, 
accordingly, and left in a sealed recipient for three days. The 
determination of moisture content was carried out according 
to the EN 14774-3 Technical Standard [14]. Simultaneously, 
a mechanical mixing process was carried out at regular time 
intervals to guarantee the even distribution of the water. Each 
experimental treatment is labelled in the following way, 
W##A##V#, where: W [moisture content, %], A [angle of 
the blade edge, °] and V [cutting speed, ms-1]. 

Table 1.  
Experimental design arrangement 

N Code 
Moisture 
content 
W (%) 

Angle of 
the 

blade 
edge  
 (°) 

cutting 
speed 

V (ms-1) 

Number of 
replicates 

1 W10A20V1 10 20 2.3 7 
2 W10A20V2 10 20 3.4 7 
3 W10A20V3 10 20 4.5 7 
4 W10A40V1 10 40 2.3 7 
5 W10A40V2 10 40 3.4 7 
6 W10A40V3 10 40 4.5 7 
7 W10A60V1 10 60 2.3 7 
8 W10A60V2 10 60 3.4 7 
9 W10A60V3 10 60 4.5 7 
10 W20A20V1 20 20 2.3 7 
11 W20A20V2 20 20 3.4 7 
12 W20A20V3 20 20 4.5 7 
13 W20A40V1 20 40 2.3 7 
14 W20A40V2 20 40 3.4 7 
15 W20A40V3 20 40 4.5 7 
16 W20A60V1 20 60 2.3 7 
17 W20A60V2 20 60 3.4 7 
18 W20A60V3 20 60 4.5 7 
19 W30A20V1 30 20 2.3 7 
20 W30A20V2 30 20 3.4 7 
21 W30A20V3 30 20 4.5 7 
22 W30A40V1 30 40 2.3 7 
23 W30A40V2 30 40 3.4 7 
24 W30A40V3 30 40 4.5 7 
25 W30A60V1 30 60 2.3 7 
26 W30A60V2 30 60 3.4 7 
27 W30A60V3 30 60 4.5 7 

Source: Self-elaboration 
 

2.3.  Design of experiment 
 
A systematic study was conducted where three factors 

were varied according to a three level full factorial design. 
The factors were: angle of the blade edge, cutting speed and 
bagasse moisture content. Finally, 27 experimental 
treatments were obtained. The experiments were replicated 
seven times for a total of 189 experimental units. Table 1 
shows the experimental design arrangement. An analysis of the 
results of the full factorial experimental design using a statistical 
analysis of variance (ANOVA) was performed, an F test was 
conducted and the results evaluated at a 95% confidence level 
[15]. The response surfaces and empirical models for the 
specific cutting energy and peak cutting force were obtained 
using statistical analysis program developed in Matlab.  

 
2.4.  Cutting test 

 
The energy and force required for cutting may vary 

depending on the raw material moisture content, the blade 
geometry and the speed of the cutting process. Laboratory 
experiments were conducted to evaluate the performance of a 
single edge knife, with different edge angles (20°, 40° and 60°) 
and cutting speeds (2.3 ms-1, 3.4 ms-1 and 4.5 ms-1) respectively, 
under controlled conditions. Most of the agricultural machinery 
employed for the cutting process use blades with edge angles in 
this range. On the other hand, the cutting speed range was 
limited for the operation of the experimental facility; 
nevertheless, the cutting speed range of the experiments 
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matches the low range of speed found in several cutting 
agricultural machinery. The cuts were made by a lab scale-
cutting unit able to control the process parameters shown in Fig. 
1. The facility consists of a structure, a biomass sample holder 
and a pendulum with a blade holder. The bagasse samples are 
fixed in cantilever into the biomass sample holder and a mobile 
single blade executes the cut. An encoder, fixed in the 
pendulum rotation axis, allows the measurement of the initial 
and final angular positions; then a data acquisition system 
calculates the energy consumed during cutting.  

The energy consumed in shearing a unit area of biomass is 
called the specific cutting energy. This response variable is 
calculated as the mechanical energy consumed during cutting 
divided by the transverse section of each biomass specimen. The 
mechanical energy was measured by means of the difference 
between angular positions of the pendulum; while the transverse 
section of the biomass specimen was measured by digital image 
processing (CAD software). Furthermore, the force involved in 
the cutting process is measured with a precision load cell located 
in the knife holder. The maximum force reached in the plane of 
cut is called the peak cutting force. Fig. 2 shows a biomass 
specimen secured in the sample holder. The biomass specimen 
is an array of circular shaped biomass bagasse fibers , which are 
joined at the base with adhesive tape. The cut is performed in the 
transverse direction to the fibers. The length of specimens was 
100 mm and the diameter was 10 ± 2 mm. 

 
3.  Results and discussion 

 
3.1.  Specific cutting energy results 

 
An analysis of the results of the full factorial experimental 

design using a statistical analysis of variance (ANOVA) was 
 

 
Figure 1. Experimental facility for the determination of specific cutting 
energy and peak cutting force. a) Rotary encoder; b) acquisition data system; 
c) shaft; d) pendulum; e) load cell; f) blade holder; g) biomass sample holder; 
h) blade  
Source: self-elaboration. 

 
Figure 2. Biomass specimen secured in the sample holder  
Source: self-elaboration. 

 
 

performed. Only the angle of the blade edge and the moisture 
content are statistically significant for the specific cutting 
energy achieved in the cutting process for 95% of probability. 
Table 2 shows the degree of significance of the coefficients 
for the factors and their interaction. The expression of the 
empiric model for the behaviour of the specific cutting 
energy in function of the angle of the blade edge and the 
moisture content of the sugarcane biomass obtained by 
applying the statistical software from experimental data is: 

 
݁௖ ൌ 0.242135 െ 	0.00901554α ൅ 	0.000119362αଶ െ
	0.00287758W௧ ൅ 	0.000150395αW௧				ሺܴଶ ൌ 68.6ሻ      (1) 

 
Where:  
ec: Specific cutting energy (Jmm-2). 
: Angle of the blade edge (°). 
Wt: Moisture content of the sugarcane bagasse (%). 
Fig. 3 shows the main effects graph for specific cutting 

energy. The main effects graph is used to examine 
differences between level means for the three experimental 
factors. There is a main effect when different levels of an 
experimental factor affect the response differently. The main 

 
Table 2. 
ANOVA for specific cutting energy . 

Source Mean square Rate-F Valor-P 
A:Vc 0.00109155 0.62 0.4312 
B:Alpha 0.449191 256.17 0.0000 
C:Wt 0.0323553 18.45 0.0000 
AA 0.00140461 0.80 0.3720 
AB 0.00108699 0.62 0.4322 
AC 0.00190095 1.08 0.2992 
BB 0.0957422 54.60 0.0000 
BC 0.0759982 43.34 0.0000 
CC 0.00237216 1.35 0.2464 
Blocks 0.000134424 0.08 0.9982 

Source: self-elaboration 
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Figure 3. Main effects graph for specific cutting energy  
Source: self-elaboration. 

 
 

Figure 4. Response surface for the specific cutting energy (Vc=3.4 m/s)  
Source: self-elaboration. 

 
 

effects test is suitable for inspecting differences amongst the 
levels of a single experimental factor, averaging over the 
other factors. The steeper the slope of the curve, the greater 
the magnitude of the main effect. Fig. 4 shows the response 
surface for the specific cutting energy. It can be concluded 
that a low angle of the blade edge is the most important factor 
in determining a reduction in the specific cutting energy. 
Additionally, the cutting speed is not statistically significant 
for the specific cutting energy response. 

 
3.2.  Peak cutting force results 

 
The analysis of the results of the full factorial experimental 
design was performed using a statistical analysis of variance 
(ANOVA). It was proved that the three experimental factors 
(considering the interactions between factors) are statistically 
significant for the peak cutting force achieved in the cutting 
process for 95% of probability. Table 3 shows the degree of 
significance of the coefficients for the factors and their 
interaction. The expression of the empiric model for the 
behaviour of the peak cutting force in function of the 
experimental factors is: 

 

௣ܨ ൌ 0.0474551 െ 	0.0011553α ൅ 	0.0000126339αଶ െ
	0.00116605W௧ ൅ 0.000191839V௖ ௧ܹ ൅
	0.0000226658αW௧				ሺܴଶ ൌ 63.9ሻ     (2) 

Where: 
Fp: Peak cutting force (N). 

Vc: Cutting speed (ms-1). 

Fig. 5 shows the main effects graph for the peak cutting 
force. Fig. 6 shows the response surface for the peak cutting 
force. It can be concluded that both factors, low angle of the 
blade edge and low moisture content, are the most important 
factors in determining a decrease in the peak cutting force. 
Additionally, the cutting speed (single factor) is not statistically 
significant for the specific cutting energy response. 

 
Table 3. 
ANOVA for peak cutting force. 
Source Mean square Rate-F Valor-P 
A:Vc 0.0000317415 1.00 0.3198 
B:Alpha 0.00441394 138.44 0.0000 
C:Wt 0.00210402 65.99 0.0000 
AA 0.0000329728 1.03 0.3106 
AB 5.75361E-7 0.02 0.8933 
AC 0.000374057 11.73 0.0008 
BB 0.00107262 33.64 0.0000 
BC 0.00172617 54.14 0.0000 
CC 6.55832E-8 0.00 0.9639 
Blocks 0.00000709776 0.22 0.9691 
Source: self-elaboration 

 

Figure 5. Main effects graph for peak cutting force  
Source: self-elaboration. 

 

 
Figure 6. Response surface for the peak cutting force (Vc=3.4 m/s)  
Source: self-elaboration. 
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Despite there being no other found works on cutting 
sugarcane bagasse, several similitudes are found in this 
research with respect to other studies. For example, 
according with [9] the effect of cutting speed, there is little or 
nothing in the specific cutting energy required for cutting 
sugarcane trash by shearing, this behavior is similar in the 
current study. In another work [16], the researchers explain 
that the wheat straw is brittle and less viscoelastic to low 
moisture content and thus easier to cut; also they explained 
that the ideal moisture content to cut wheat straw was in the 
range of 8 to 10%. Similarly for the current study, it is 
possible to find that specific cutting energy for sugarcane 
bagasse is approximately doubled when the moisture content 
increases from 10% to 30%. 

 
4.  Conclusions 

 
In this study, results show a good statistical correlation 

between specific cutting energy, the angle of the blade edge 
and the moisture content respectively (R2=68.6). Also, results 
show a good statistical correlation between peak cutting force 
and the three experimental factors studied (R2=63.9). The 
analytical models of the sugarcane bagasse behavior and the 
energy and force involved during cutting were studied in 
order to choose the best cutting conditions. Low angle of the 
blade edge and low moisture content are, in this order, the 
most important experimental factors in determining a low 
specific cutting energy and a low peak cutting force. 
According to the analysis of the response surface for specific 
cutting energy, the best cutting conditions are achieved for an 
angle of blade edge of 20.8°, a cutting speed of 2.89 ms-1 and 
a moisture content of 10% (w.b.) respectively; the minimum 
specific cutting energy was obtained for this set of reference 
values (݁௖	௠௜௡ ൌ  ଶ). The results of this workି݉݉ܬ	0.00596	
could contribute to the optimal design of bagasse pre-
treatment systems. 
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