Experimental Investigation of Hardness
and Impact Variability in Wooden
Agricultural EqQuipment

ABSTRACT

This study was conducted to determine the hardness testing and Impact testing of selected Timbers
to be used in agricultural implements in Pantnagar, Udam Singh Nagar, between September 2015
and April 2016. The Rockwell hardness test is generally performed when quick and direct reading is
desirable. The Rockwell hardness test was carried on the Digital Hardness testing machine on
HRV-Scale. The impact strength of a material is determined with a Charpy or Izod impact test
named after their inventors. the hardness of different types of timber, namely, Teak, Sal, Java plum,
Eucalyptus, Yellow teak, North Indian Rose timber, red cedar, Mango, Margosa and Lebbeck was
found to be 75.4, 79.1, 68.2, 69.1, 64.0, 87.1, 30.8, 63.2, 61.7 and 64.3 respectively. the Impact
Strength of different types of timber, namely, Eucalyptus, Yellow teak, Teak, Lebbeck, Java plum,
Mango, Red cedar, North Indian Rose timber, Margosa and Sal was found to be 49.2, 39.23, 56.71,
52.21, 46.3, 48.37, 49.2, 45.23, 41.6 and 58.89 KJ/m? respectively. And their standard deviations
were as follows: yellow teak (0.67), Red cedar (1.09), North Indian Rose timber (2.12), Teak (0.23),
Lebbeck (7.95), Java plum (0.34), Eucalyptus (0.34), Margosa (0.71), Mango (0.87) and Sal (1.36)
respectively. The timber of North Indian rose timber and Sal was found suitable for making Plankar,
pulley and bearing block. The timber of North Indian rose timber, Sal and Eucalyptus was found
best for making plough bottom.

Keywords: Hardness, indentation resistance; agricultural equipment; material performance; animal
safety; human safety; optimum hardness; timber material; rockwell HRV-scale; impact
strength; material properties.

ABBREVIATIONS

ASTM : American Society for Testing and Materials
ISI : Indian Standards Institution

BIS : Bureau of Indian Standards

1. INTRODUCTION traditional knowledge of locals about the use of
plants in making the handles of harvesting tools
on the basis of their preference and choice.
Traditional agricultural tools and implements
were made up of locally available materials like

Agricultural practices require certain traditional
techniques including tools and implements due to
steep and hilly terrain comprising of shallow and

stony soils. Present study has been undertaken
to describe agriculture tools and implements from
the local plants to facilitate the agriculture during
harsh condition. Besides these agricultural tools
and implements, author documented the

stone, timber and iron, constructed at local level
or standardized factory-made implements. These
tools and implements were economical in term of
labor, money and time saving [1]. Also, they are
operated easily without any special skills. Each




of these tools and implements are usually used
in connection with specific operation in the
sequence of agricultural operations; land
preparation,  sowing, weeding, irrigation,
harvesting, post-harvesting operations and
transportation. Mostly, all the animal drawn
implements utilize timber for as a construction
material, if yoke for animal, are developed using
locally available timber all the regions India [2-6].

The strength of a timber depends on its species
and the effects of certain growth characteristics
[7]. Different timber species have different
strength characteristics, and also within a
species these characteristics may vary.
Therefore, in practice, a classification system of
strength classes is used.[13] Timber is a fibrous
rigid material of plant origin. It is broadly
classified as hard timber and soft timber. Hard
timber is derived from angiosperm or broad-
leaved trees such as Mango (Mangifera indica),
Sal (Shorea robusta), Lebbeck (Albizia), North
Indian rose timber (Dalbergia sissoo), Red Cedar
(Toona ciliate)and Teak (Tectona grandis). Hard
timber is mainly used for structural application
because of their high strength and durability[11].
Soft timber is obtained from coniferous trees,
which have needle-like leaves. Examples of soft
timber trees are: Scots pine (Pinus sylvestris),
Norway spruce (Picea abies), and Douglas fir
(Pseudotsuga menziessii) [8].

Mechanical property values are given in terms of
stress (force per unit area) and strain
(deformation resulting from the applied stress)
[9]. The mechanical property values of timber are
obtained from laboratory tests of lumber of
straight-grained clear timber samples (without
natural defects that would reduce strength, such

as knots, checks, splits, etc. [7]. Strength
properties mean the ultimate resistance of a
material to applied loads. With timber, strength
varies significantly depending on species,
loading condition, load duration, and a number of
assorted material and environmental factors.
Observing the above facts, the Hardness and
Impact testing of timber are important factors
used in determining the suitability and application
of timber material, these in turn depends on the
timber species [9,10].

2. EXPERIMENTAL DETAILS
2.1 Hardness Testing

The Rockwell hardness testing is generally
performed when quick and direct reading is
desirable. The Rockwell hardness test was
carried on the Digital Hardness testing machine
on HRV-Scale.[14]

The load in kg required to penetrate a steel ball
of 1.128 cm diameter into the specimen to half its
diameter (0.564 cm) was taken as hardness. The
ball indenters are generally built of hardened tool
steel or Tungsten carbide. The indicator is then
set at zero and a major load of 150 kg enforced
to the indenter and is allowed to continue for a
few seconds. Hardness was taken at various
points on the specimen and the average value
was recorded. Fig. 1 shows Specimen geometry
of the Hardness test. The Rockwell Hardness
Machine used for present investigation is
presented in Fig. 2. Fig. 3 shows the prepared
specimens for Hardness test. Testing specimen
were prepared per IS 1708 (part - 5:1986) for
Hardness as shown in Fig. 1.
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Fig. 1. Specimen geometry of the hardness test [2]



Fig. 2. Digital rockwell hardness tester

Fig. 3. Prepared specimens for hardness test
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Fig. 4. Specimen geometry of the impact test [8]



Fig. 6. Impact testing machine
aim is to optimize the hardness value up to the

2.2 Impact Testing

The impact strength of a material is determined
with a Charpy or Izod impact test named after
their inventors and were developed in the early
1900’'s before fracture mechanics theory was
available. Impact properties are not precisely
used in fracture mechanic estimates, but the
commercially impact tests extended to be used
as a quality control mechanism to assess notch
sensitivity. Indian Standard Specification IS
1708 by Universal Testing Machine (AMT-
SC, A.S.I make)[12].

3. RESULTS AND DISCUSSION
3.1 Hardnes

Hardness implies a resistance to indentation,
permanent or plastic deformation of materials. In
agricultural equipment the optimum amount of
hardness is required for better performance as
they come directly in contact with animal and
human body. The inauspicious hardness causes
adverse effect which causes many health
problems to animals like gal or injuries. Our main

hardness of timber material. Hardness values
measured on the Rockwell HRV-Scale at load H;
are presented in Table 1 and the effect of timber
on the hardness are presented in Fig. 7.

It was concluded from table 1 that the hardness
of different types of timber, namely, Teak, Sal,
Java plum, Eucalyptus, Yellow teak, North Indian
Rose timber, red cedar, Mango, Margosa and
Lebbeck was found to be 75.4, 79.1, 68.2, 69.1,
64.0, 87.1, 30.8, 63.2, 617 and 64.3
respectively. And their standard deviations were
as follows: North Indian Rose timber (0.311),
Yellow teak (0.194), Red cedar (0.164), Teak
(0.182), Lebbeck (0.162), Margosa (0.173), Java
plum (0.193), Eucalyptus (0.172), Mango (0.182),
and Sal (0.192) respectively (Table 1). It was
clear that the North Indian Rose timber has
higher hardness value as compared to other
various types of timber and red cedar has less
value of hardness. North Indian Rose timber has
a greater standard deviation as compared to
other various types of timber. The Hardness at
different Types of timber was compared
presented in Fig 7.



Table.1 Hardness value of different types of timber in HRV- scale

SI. No Types of timbers Hardness Standard deviation
1 Yellow teak 64 0.19
2 Red cedar 30.8 0.16
3 North Indian rose timber 87.1 0.31
4 Teak 75.4 0.18
5 Lebbeck 64.3 0.16
6 Java plum 68.2 0.19
7 Eucalyptus 69.1 0.17
8 Margosa 61.7 0.17
9 Mango 63.2 0.18
10 Sal 79.1 0.19
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Fig. 7. Hardness value of different types of timber

The effects of timber on Hardness were analyzed
using Analysis of Variance. The results of
Statistical analysis are presented in Appendix-A-
1. The analysis shows significant effect of timber
type significant effects on the Hardness at the
5% level of significance. There was significant
difference observed between the Hardness of
(yellow Teak and Red cedar), (yellow teak and
North Indian rose timber), (Yellow Teak and
Teak), (Yellow Teak and Teak), (yellow Teak and
Lebbeck), (yellow teak and Java Plum), (Yellow
Teak and Eucalyptus), (Yellow Teak and
Margosa), (Yellow Teak and Mango), (Yellow
Teak and Sal), (Red cedar and North Indian rose
timber), (Red cedar and Teak), (Red cedar and
Teak), (Red cedar and Lebbeck), (Red cedar and
Java Plum), (Red cedar and Eucalyptus), (Red
cedar and Margosa), (Red cedar and Mango)
and (Red cedar and Sal) and other types of
timber have no significant difference.

3.2 Impact Strength
The impact strength was calculated by the

formula given in equation 1. Table 2 gives the
impact strength of the different wood species.

It was concluded from table 2 that the Impact
Strength of different types of timber Eucalyptus,
Yellow teak, Teak, Lebbeck, Java plum, Mango,
Red cedar, North Indian Rose timber, Margosa
and Sal was found to be 49.2, 39.23, 56.71,
52.21, 46.3, 48.37, 49.2, 45.23, 41.6 and 58.89
KJ/m? respectively. And their standard deviations
were as follows: yellow teak (0.67), Red cedar
(1.09), North Indian Rose timber (2.12), Teak
(0.23), Lebbeck (7.95), Java plum (0.34),
Eucalyptus (0.34), Margosa (0.71), Mango (0.87)
and Sal (1.36) respectively. It was clear from the
Table 2 that Sal has the highest value of Impact
strength compared to other types of different
timber and the minimum impact strength relates
to of red cedar. The impact strength of different
types of timber was compared presented in
Fig 8.

The effects of timber on Impact strength were
analysed using Analysis of Variance. The results
of Statistical analysis are presented in Appendix-
A-2. The analysis shows Timber significant
effects on the impact strength at the 5% level
ofsignificance. There was significant difference
observed between the Hardness of (Red cedar
and Eucalyptus), (North Indian rose timber and
Margosa), (Lebbeck and Java Plum), (Lebbeck



and Margosa), (Lebbeck and Sal), (Java Plum
and Margosa), (Java Plum and Mango),
(Margosa and Sal) and) and (Mango and Sal)

and other types of timber have no significant
difference.
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Fig. 8. Effect of various types of timber on Impact Strength

Table 2. Impact strength of different types of timber

SI.No  Types of Timber Impact Strength (kJ/m?) Standard deviation
1. Yellow teak 47.23 0.67
2. Red cedar 39.23 1.09
3. North Indian rose timber 56.71 2.13
4. Teak 52.21 0.24
5. Lebbeck 46.3 7.96
6. Java plum 48.37 0.35
7. Eucalyptus 49.2 0.35
8. Margosa 45.23 0.71
9. Mango 41.6 0.88
10. Sal 58.89 1.37

4. CONCLUSION

The Hardness of Yellow Teak, Red cedar, North
Indian rose timber, Lebbeck, Java plum,
Margosa, Eucalyptus, Teak, Mango and Sal were
observed as 64.00, 38.8, 87.1, 64.3, 68.2, 61.7,
69.1, 75.4, 63.2 and 79.1 respectively. ANOVA
results show that interactions among the linear
term Yellow Teak, Red cedar, North Indian rose
timber, Lebbeck, Java plum, Margosa,
Eucalyptus, Teak, Mango and Sal timber over
the Hardness is significant at 0.05 % level of
confidence. The Impact strength of Yellow Teak,
Red cedar, North Indian rose timber, Lebbeck,

Java plum, Margosa, Eucalyptus, Teak, Mango
and Sal were observed as 47.23, 39.23, 56.71,
46.3, 48.37, 45.23, 49.2, 52.21, 45.23 and 58.81
kJ/m? respectively. ANOVA results show that
interactions among the linear term Yellow Teak,
Red cedar, North Indian rose timber, Lebbeck,
Java plum, Margosa, Eucalyptus, Teak, Mango
and Sal timber over the Impact strength is
significant at the 0.05 % level ofconfidence.The
following conclusions havebeen drawn on the
basis of physical and mechanicalproperties to
make the different component of agriculture
implements and tools. The timber of yellow teak,
teak was found suitable formaking Yoke. The



timber of North Indian rose timber and Sal was
foundsuitable formaking Plankar, pulley and
bearing block.
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APPENDIX

Table (A-1). ANOVA table for the effect of different types of timber on Hardness

Test of between —Subject Effects

Dependent Variable: Hardness

Source Df Sum of Square Mean Square Fvalue R squared Sig
Replication 4 16.36 4.09 1.23 0.999

Treat 9 78.36 8.70 2.62 o
Error 36 119.3 3.31

Total 49 214.06

Critical difference at 5% 2.33

Table value of Fyo5(4,36) 3.89

Coefficient of variance 1.32

Table A-2. ANOVA table for the effect of different types of timber on Impact strength

Test of between —Subject Effects

Dependent Variable: Impact strength

Source Df Sum ofSquare Mean Fvalue Rsquared Sig
Square

Replication 4 69.99 17.49 0.33 0.99

Treat 9 132.13 1468.17 275 o

Error 36 1923.46 53.43

Total 49 15206.9

Critical difference at 5% 9.37

Table value of Fp05(4,36) 3.89

Coefficient of variance 25.71
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