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Abstract

Mobile vertical bandmill suitable for processing currently wasted undersized logs from urban tree into wood raw
material for furniture production was developed with the aim of enhancing percentage recovery, reduced waste
and environmental pollution, creating further use for wood from urban tree among others. The machine design
was made simple while available materials, skills,2'4” blade, 4.5hp internal combustion engine were adapted for
its development. It was designed at a cost that is within purchasing power of potential users in the study location
and was fabricated at a typical roadside wood machinery fabricator workshop. The machine was used to convert
undersized logs/billets with varying dimensions (0.2m to 0.6min diameter and maximum of1.8m long), densities
and moisture contents into boards that were used for producing short member furniture items and parts. The
machine prototype costs N180,890 (US$452)as at 2016 with determined efficiency of about 60%. The study was
able to develop vertical bandmill machine, at affordable cost to potential users in Nigeria. And the machine is
suitable and efficient for converting the currently wasted undersized logs/billets massively generated from urban
trees into useful raw material for furniture production to alleviate the shortage of raw material supply
particularly to the informal wood sector in Nigeria.
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INTRODUCTION positive growth of the country. There is renewed
Heavy oil is one of the unconventional resources of  reliance on lumber supply/augmentation from the
Tree mostly has its roots underground while its urban trees. Presently, the log converting machines in
trunks, branches and leaves are above the ground  Nigeria are sophisticated, large stationary and non-
level. The trunk and branches are mostly sought for  combustion engine and suited for handling 1.8m and
wood, the material used for structural and non- above in diameter. And the use of inappropriate
structural applications (Douglas, 1995; Adewole and  equipment and poor conversion technique contribute
Oladejo, 2016). Tree has to attain at least about significantly to inadequate lumber supply in Nigeria
16mand 0.1m in height and girth respectively before  (Fuwape,1993b and 1998). The Ilumber recovery
commanding respect for processing into lumber factor with existing equipment in Nigerian sawmills is
(Marion, 1991).With the current proportion of between 45 to 50% (Thorpe 1983; Fuwape 1986) with
convertible tree in Nigeria, about 40% of the tree a maximum of 7.2 million cubic meters discarded
volume is said to recover from fell tree (Lucas 1983;  yearly as residue (Fuwape and Sobanke, 1998).
Thorpe 1983, Fuwape 1986; Wiltsee, 1998). Also, the
average felling cycle, for most economical timber  The reliance on urban source for the supply of wood
species, to arrive at merchantable size, is about 50  raw material in Nigeria could be hindered in view of
years according to report by Dykstra et al.(1996). In  the fact that urban trees is characterized with short,
Nigeria, the merchantable timber from natural forest small and irregular trunk that do not often yield
is almost diminished in quantity and neither is there  merchantable log but huge volume of undersized
plantation to supply such in view of discouraging logs/billets (Kehinde and Awoyemi, 2009;Adewole
investment in timber production from plantation and Oladejo, 2016) that are currently categorized as
(Olaseni et al. 2004). waste. Though the costs of urban tree management are
poorly documented generally in cities and
The shortage of lumber supply had however slowed towns(Ames, 1993), but the cost involved in
down considerably the production activities at the  harvesting and disposing urban tree residues in
informal wood sector in Nigeria. Notably amongst  Nigeria is more than the value derived from it. Thus
operators in informal sectors that engaged in the the dependence on urban tree for lumber supply
productions of furniture parts, items and joinery. This  augmentation may have to be engendered with
has caused outright job abandonment, under- efficient board production from it in view of its
employment and increase in numbers of jobless but  peculiar nature. The short logs/billets still remain as
energetic population in Nigeria and is taking toll on  waste in Nigeria due to unavailability of local facility
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to process it as the cost of importing equivalent
facility by would-be users is unaffordable. The
undersized logs (both in length and girth)may
however be processed into boards (California
Integrated Waste Management Board, 2001) for
further uses with appropriate converting machine.
This study aimed at creating means for reducing the
cost of managing urban tree residues by developing
facility for harnessing the economic potentials of
urban tree billets. However, the raw material products
to be processed from the billet category that can be
handled by the proposed machine may be particularly

Fig 1: Isometric View of the Vertical Bandmill Machine

the Machine Base, Worktable and Frame (divided into
upper and lower wheel). It was designed to be
powered with internal combustion engine of
4.5hprating. The main considerations taking while
designing the machine includes ease of sketches

. 22" by 2%5" mild steel angle bar
. 2Y4" iron pipe

. Grinding Cutting machine

. Lathe machine and

. Try square

. Measuring tape

. Hacksaw

suitable for operators in the informal wood sector in
Nigeria for the manufacturing of furniture items and
joinery.

MATERIAL AND METHODS

The information on raw materials and the range of the
available internal combustion engine rating was
compiled through the preliminary survey. The
developed machine consists of three main units shown
in Figure 1:

LEGEND
A= Upper Wheel Frame
B= Machine Worktable
C= Lower Wheel Frame

D= Machine Base

interpretation and reproducibility by the roadside
fabricators, portability, use of locally available
materials and cost effectiveness. The machine
components could easily be replaced while the
materials used for the frame fabrication are:

. @35mm mild steel rod,

. 4mm and 5mm thick iron plate.
. Arc-Welding machine

. Steel mallet

. Electrodes (grade 10)

. Scriber

. Bench vice.

The Ultimate compressive stress Fy= 400MPa; Yield stress of mild steel= 260 x 10° Young modulus E= 200
x10% Average density of wood 760kg/m® (density of wood range from 384kg/m® t01136kg/m®); p;Length and
width base on the log size and diameter 1130.30mm and 698.90mm; M = Mass of the log; V = Volume of log ;

W = Maximum Load expected on the table = 684N.

Using equation recommended by Fairman and
Cutshall (1953) but quoted by Rajput (1998)

FoS= WI/8).............. (Eqn. 1)

The  appropriate  thicknessfor ~ the  machine
worktablelabeled B in Figure 1 was designed to be
8mm thick. Themachine component housing the
lower with upper wheels and blade is shown as
Framein Figure 2. The Frame dimensions were

155

computed by assuming it to act as column member
using equation recommended by Fairman and
Cutshall (1953) but quoted by Rajput (1998):

Pr= 38X A/L+a(le/ry).ooeenn. (Eqn 2)

With‘A” given as 1/7500 for mild steel, P was
computed as 712653.16N. If 2 is used as the factor of
safety, then, Permissible load »
712653.16/2=356326.6N, thus, the Permissible load
for the frame design was approximately 356KN. And
for the machine base, also shown in Figure 2 and
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which is assumed to be a rectangle beam loaded flat
wise. Through iteration process, the total loads borne
by the machine base was approximately34MN using
Equation (1). For the shaft power requirement, the
power rating of the electric motor ‘P’ is computed
using the expressionP= (T1 - T2) V= 4.45hp.

1828.80 mm

hi
ne

Figure 2: Wheel and Blade Frame and Base

Where: P=power requirement in horse power (hp);
T1= belt tension on tight side (N); T2= belt tension on
loose side (N);V= belt speed in m/s.

Rase

The computed machine shaftparameter is indicated in Figure 3

0.05m K
0.95m 0.305m T 0.06m  0.05m
Ra Re
I( I
0.95m 0.05m T 0.305m T 0.06m 0.05m

) Ra
Figure 3: Shaft

The machine efficiency was determined using
percentage ratio by volume of the boards recovered to
initial volume of the converted billet using these
equations:

Volume of Log (Vo) = %(D.D2 +4D, 2+ DY) .....

(Aina, 2006)

Where,V,q,= Billet Volume; Dy, = Billet base
diameter; D,, = Billet middle diameter; D, = Billet top
end diameter; L = Billet length.

Volume of Lumber recovered (Vg)=n(Ixbxh) ...
(Olufemiet al, 2012)
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Rr
Where L= Board Length(m); B= Board Width (m);
H= Board Thickness(m); n= Board number

Efficiency C; = (Vg /Viog) X 100%
2011)

(Kukoghoet al,

RESULTS AND DISCUSSION

Machine Fabrication, Cost, Idle Running and Trial
Operation

Preliminary investigation revealed the available
materials characteristics and probable sources of the
raw material used. Materials were sourced from
‘Ogunpa’ and ‘Agodi-Gate’ markets in the study
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location. Except for the difficulty experienced in
aligning the beater diameter of the shaft to diameter of
available pulley size, the roadside wood machinery
fabricator involved in the bandmill fabrication require
less supervision in interpreting the design document.
The difficulty was contained by reconstructing the
engine seat although the need to chamfer the pulley
increases machine vibration thereby reduces the
machine efficiency. The prototype machine developed
costs a total of one hundred and eighty thousand, eight
hundred and ninety naira (N180,890) as against a
similar machine that requires a total of about N
3.8Million,an equivalent of US$9452, although with
higher capacity, to import as at 2016. Careful
selection of material for fabrication drastically
reduced the cost of producing the prototype machine.
The machine runs easily with minimum vibration
during idle run and was used to convert wood billets
of varying densities and moisture contents as shown
in Plate 1. It has capacity to convert undersize
log/billet with diameter ranging from 0.2m to
0.6mand maximum of1.8m long.

Machine Operation and Maintenance

The machine user will have to first firmly set the
fence (table guard) to desired cut dimension before
switching on the engine. The work-piece is expected
to be fed against the blade from the cutting end while
push stick will be required when finally getting the
work-piece through to avoid injury to the operator
feeding the work-piece. The inbuilt oil-wetting device
should be loaded to continually serve the cutting blade
to reduce friction that can cause blade hanging while
cutting. Although simple to operate, but better
operated by two people. The information contained in
the user’s guide in Appendix was developed to enable
easy maintenance of the developed machine.

Plate 1: Idle Running and Trial onversion of Log
using Developed Machine

The machine must be in its optimum condition for
better performance, the machine pulley must align

Block Moldina

properly to enhance blade performance, proper
bracing of the table is required to restrain the vibration
of the table, proper alignment of the table fence with
respect to the saw blade will enhance the uniformity
of the lumber thickness produced, and, the use of dust
hood for waste collection increases the working life of
the machine.

Machine Test Result and Efficiency
The developed machine converts with ease
billets/undersized logs recovered from Afzeliaspp and
Mangniferaindica trees fell on University of Ibadan
campus that are of the size 0.2m to 0.6mdiameter and
up to 1.8m long into boards shown in Plate 2. The
boards recovered from the processed billets were used
for the manufacturing of shelves, stools and short
member furniture items shown in Plate 3. The
machine efficiency C, is approximately 60% and the
value may have been lowered by the reported increase
vibration impacted by the use of unsuitable pulley.

O st
"

Plate 2: Processing of the Logs for Efficiency
Determination

Stool | egs and
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Plate 3: Furniture Parts and Items Produced From
Boards Recovered from Billet Converted with the
Developed Machine
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CONCLUSION

This study confirmed the absence of locally mobile
bandmill for processing billet from urban tree into
wood raw materials suitable for furniture parts
production. A prototype machined was designed,
fabricate and evaluated. Careful selection of material
used for fabrication was noted to have drastically
reduced the cost of producing the prototype machine
while involvement of personnel with engineering
background reduces time spent and drudgery. The
prototype machine was produced with a total cost of
one hundred and eighty thousand, eight hundred and
ninety naira (N180,890),an equivalent of US$452as at
2015. The developed bandmill uses 2'%” band saw
blade and is powered by 4.5MW diesel engine. It was
suitable for processing undersize log/billet with
diameter ranging from 0.2m to 0.6mand maximum
of1.8m long into board for furniture parts production.
The machine efficiency is about 60%. The boards
recovered from the billets/undersized logs Afzeliaspp
and Mangniferaindica was used to produce furniture
parts used in manufacturing shelves, stools and short
member furniture items.
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APPENDIX
Operation Manual for the Mobile Mill
Recommended Maintenance Program for Locally Fabricated Wood Billet Conversion Machine

DESCRIPTION Daily Periodically
Ensure workspaces and walk-ways are clear and unobstructed to avoid presence of slip-hazards X

Check band wheels for wobble and proper tracking of blade. X
Check guide alignmentto prevent crooked or incorrect cut X

Inspect alignment of blade roller guides. X X
Examine bolts used for mounting the motor to the machine. Re-tighten if necessary X
Examine drive belts for Flaws and Correct Tension X X
Clear away all dust and waste from inside and around housings, cabinets X

Examine rubber tyres on bandsaw wheels for cracking or perishing X
Lubricate moving parts lightly X
Use a test cut to check blade for cracks, deformed or broken teeth, tension and correct alignment X X
Verify all Guards are secure and function correctly X

Check for worn parts. X
Check sawing fluid to prevent blade heat up X

Blade check X

Exploded View of the Machine
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