
DESIGN AND CONSTRUCTION  OF WOOD LATHE MACHINE

ABSTRACT

This write up outlines the design and fabrication of  wood lathe machine. This type of lathe is capable of creating different wood designs using the cheapest available material and method.

To achieve functional and efficient wood lathe of  this kind, we analyzed as well as synthesized the different possible design solutions and concepts.

The principle of turner is puts into consideration the case of its production, main finance and services, values durability , reliability and appearance of the machine.


Finally, the parts were assembled and the machine test run. To ensure the achievement of best performance, iterative procedures were carried out. The material, labour and overhead costs were determined to get the production cost of a prototype.  
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CHAPTER ONE

INTRODUCTION

The wood lathe machine is introduced to lessen the human suffering and to improve economical and technological standard, and for years now Nigeria recognized that she was economically and technological poor and has been economically dependents on the western world for survival in terms of  technology. To dis-encourge this importation of  technological equipment placed embarge on the  importation of certain goods and this inspired our people to recognized indigenous  technology though our fore father used axe, cutlass and some other sharp tools fro designing woods.


But, as time goes on, technologist introduced wood lathe machine, which comes in various designs and models as technology improves. Thus , the importance  of wood lathe cannot be over emphasized. It is the acknowledgement of this fact that led to the design of wood lathe machine, even though this project of design and fabrication of wood lathe machine is a copied design, we tried to improve more on this machine so that it can design wood with little or no stress, utilizing the available material in order to reduced cost for production purposes and durability being of utmost important.  

AIM AND OBJECTIVES

The main objectives of this project are to:

Use available local materials in fabrication

Achieve a reduction in the cost of production of the machine.

Provide a life engine in the workshop which students could use for exhibition thereby creating awareness for, and encouragement of indigenous technology.

Reduce the labour cost and time spent on using hand tools for wood design.

Increase productivity and creativity.

The vital need for the fabrication of a wood lathe is significant in the much delay and time as well as energy wasted in using simple hand tools to carry out jobs. Moreover, the cost of importation of a lathe machine, is too high for an average user.

Also, wood lathe machine will helps to reduce the cost and consequently increase the rate of production and craftsman’s skill.

LITERATURE REVIEW

Basically, along with stone, mud and animal parts, wood was certainly one if the first materials worked by primitive human-beings. Indeed, the development of wood lathe machine was closely tied to the development of increasingly greater degrees of skill in design of a wood. Thus, it was acknowledge of these facts brought about the design of wood lathe.

The recent research indicates that wood turning may be about 3000years old, originating, presumably simultaneously in Great Britain, Italy and by inhabitants of Crimea.

In the good old days, there was much art and much less speed than we get today. Old spindle and bowl lathes used various sources of power, but often had low end speed   of 75RPM. There were treadle models and pedal models with pedals designed to work as they did on the velocipedes wood lathes. Lathes come in a variety of sizes and styles, which tends to force the beginning  turner to start out specialized  in some manner, though the smallest lathes are “Jewelers lathes” which are small enough that they may be held on one hand. Although the work piece machined on a Jeweler’s lathes are metal, Jeweler’s lathes differ from all other working lathes in that the cutting tools are hand held, not fixed to a cross slides.

Lathe machine come in variety of models amongst which are bench lathes which can sit on a bench or table, CNC lathes that are controlled by a computer, vertical lathes i.e lathe with vertical axis. Also,  there are some lathes that are equipped with indexing plates, profiled cutters, spiral or helical guide, etc. so as to enable ornamental turning.

Thus, the machine from its inception till date have under gone series of improvement, some  parts  have been simplified, modified or eliminated where found not absolutely necessary, hence different models exist in the market.

What remains indisputable in all model is the fact that the same principle of machining is employed.

The wood lathe, just like other types of lathe can be used to carry out a wide range of machining operations. It saves time and does not need much skill as in the use of hand tools.

DIMENSIONS AND SPECIFICATIONS

Below are the dimensions and specifications as regards the fabricated wood lathe.

Total length of the machine


1680mm

Total height  of the machine 


1200mm

Width of machine bed



240mm

Angle of inclination of the tail stock

900
The electric motor RFM



2820RPM

Frequency






50HZ

Power 






2.2KW

Capacity






3HP

Voltage 

 




220v

Current 






10AMP

The space between the bed rails

Diameter of headstock pulley


240mm

Headstock shaft diameter



38mm

Diameter of motor pulley



70mm

Width of tail stock (H-chanel)

200mm

v- Belt





A-59

Maximum length of work


1100mm

Minimum length of work 


300mm

Maximum diameter of work

300mm.

STATEMENT OF PROBLEMS 

The continuous quest to have the problems of man and his growing needs solved has led to the  establishment  of factories and other industries, which necessitates an intermediate technology.

However, simple hand tools that were in use before are no longer efficient for mass production. In the same manner, the  importation of wood lathe machine, as a substitute, for these tools, likewise has failed to meet man’s insatiable needs because of our unstable economy.    


Then, there comes the need for urgent attention to a better and locally made wood lathe machine.

PURPOSE OF STUDY.

The design and fabrication of wood lathe machine aims among other things at justifying a simple  way  of scarping  and cutting  off wood at its best  quantity at a minimum cost of labour, so  that the financial burden of people can be reduced.

The simple design and fabrication of this machine, make it viable, reliable, and easy to carry out maintenance services at minimized cost.

SCOPE OF WORK

Essentially, the machine comprises of the frame made of metal, with the headstock fixed in position, the tail stock moves along the bed of the machine, and the toll rest mounted on a cross slide which can be moved both longitudinally and transversely on the bed. It is located between the head stock and the tailstock.

In operations, the machine is limited to only scarping and cutting of any type of wood. Drilling operations cannot be performed on this machine.

CHAPTER TWO

SYNTHESIS

This consists of  all the design solutions considered before making a choice of one with the  best performance, reliability and affordability using the best locally available materials. Considered under this, are three alternatives. 

ALTERNATIVE A

Here, we considered the use of wood in construction the frame and bed, with a headstock at one end and  a second  movable  headstock at the other end. A cylindrical opening was made in the top of each  headstock through which a pointed rod is passed to secure the work piece. The headstocks were secured tightly by screws, while the brackets for the tool was borne by a sliding support. The part to be machined is placed between centres and rotated by a bow. This alternative has many disadvantages.

It is unstable because of the wooden frame hence, its rigidity  is poor.

The  reliability is too low since the frame can shear or  distort  at a little external force.

The wood can be attacked  by termites or soften with times.

ALTERNATIVE B.

The use of ‘H’ cannel iron for the bed  and ‘U’ channel  for the support and using ordinary  screw to hold the rest as well as the absence of slide. In this  alternative, we considered the use of a box as the  tailstock, to which will be attached a long bolt that will pass through the box to secure the work piece. The motor is to be fixed at the end of the bed.

PROBLEMS

The problems associated with this alternative are that:

It is heavier than the other alternatives

It is bulky

The weight of the motor also increases the forces acting on the  bed.

ALTERNATIVE C

Contrary to alternatives A and B above, almost every part was made of mild steel. This ensures the reliability and high rigidity of the machine. An  electric motor was incorporated to achieve  better surface  quality by transmitting an average uniform speed.

The bed was made of 3” angle iron and the supports were of 2” of the same material. The  motor was mounted at the base while the tool rest was fixed on a cross slide that was in turn mounted on a saddle.

This alternative has the following advantages over others:  

The weight is average

It is easy to assemble and dismantle

The structure is strong and rigid

The incorporated slide makes it took more like the imported ones.

The materials are readily available locally and need  only a little orientation for a person  to operate it.

Hence , alternative C was chosen because it is more reliable and gives maximum performance.

THEORY OF DESIGN

In the course of fabricating the wood lathe machine, various materials were used for different components, and the choice of each material in forming a component depends on the following factors.

Strength: This determines whether the material can withstand any condition it may likely encounter when put to use.

Suitability: This determines whether the material can fit into the intended job.

Availability: By this, it means that the materials must be readily available and cheap.

Meanwhile in the design of the wood lathe, certain theories were involved and such theories include:

Maximum shear stress theory, stated as:

d
=
 32f                    1/3 



n(y (m2 + T2) ½ 

Also if a component is under static loading, it must undergo both bending and torsional stress.

Tmax
=

16





(d3(y  (M2 + T2)1/2  

(1
=
16/(d3 (4m3 + 3T2)1/2 

where m
=
bending moment, T
=
torque, (y = yield stress, (1 = normal stress, Tmax = maximum shear stress, d = shaft diameter and  f = factor of safety.

MATERIAL SELECTION

In the design of this lathe machine, different material where used for different components. The choice of material is to make a component mainly depend on the three possible factors.

The consideration of the life span.

To know if the material  will suite the job for the manufacturing process.

Availability of the material and other physical and mechanical properties.

The material for the component were selected from the following main assumption:

From an operation point of view, the material should ensure the proper functioning of the element in the unit, that is the material should not fracture or bend due to liberation.

From production point of view, the material should require little labour as possible for the manufacture of the component.

From an economics point of view, the material should favourably affect the production lost of the components, which besides the cost of the material itself also include all other production expenses.

capacity  - (single phase) 3HP

power 
-
2200watt

2 Belt
-
V
-
belt

choice of the  V- belt

a
centre distance is small

b
pulleys used are small

c
V-belts have no joints

d
Flexible and cannot slip off easily under tension 

e
It is  reliable on a single sheave

Pulley:

Single sheaved pulley:

Determination of the RPM of the driven pulley, cutting speed, transmission ratio and power transmitted to the driven pulley.


a
Spindle Speed


From belt drive, the length of belt driven off the  driving pulley is equal to the length of belt running up the driven pulley.

 Hence, 
(dini
=
(d2n2

n2
=
d1n1



d2
where d1
=
diameter of driving pulley in mm


  d2
=
diameter of driven pulley in mm

Hence, the table below shows the various materials used and reasons for selection.

	S/N0
	COMPONENT
	MATERIAL
	PROPERTIES

	1
	Supports
	211 angle iron
	Strength, rigidity, weldability, machinable and availability.

	2
	Bed
	411 angle iron
	Same as above

	3
	Headstock
	2mm sheet metal
	Formability, low cost and weldability

	4
	Tailstock
	2mm sheet metal
	Weldability, availability and low cost.

	5
	Tailstock spindle
	Steel pipe and threaded shaft
	Machinability, Strength, Weldability and availability.

	6
	Headstock Spindle
	Steel Shaft
	As in 5 above

	7
	Electric motor pulley
	Aluminium
	Light weight, cheapest low heat capacity.

	8
	Headstock pulley
	Cast steel
	Strength

	9
	Cross slide and tool rest
	Mild Steel
	Weldability, Strength, Machinability and availability.


2.3
ANALYSIS

1.
Motor:


n1
=
rpm of driving pulley


n2
=
rpm of driven pulley

therefore the spindle speed  s
=
n1d1







d2

=
2820 x 70

=
823rpm

b
Transmission Ratio


(i)





i
=
n1
=
d2






n2

d1




i
=
2820

=
240






823

 
 70

c.
Cutting speed  (cs)



=
(DN

(M/Min)




1000

where cs is cutting speed, D is the diameter of  shaft and N is the rpm of the shaft.

( cs
=
3.142 x 38 x 823

=
98.26m/min

                            1000

d
Power Transmitted 
(P)


P
=
(T1 –T2)
R x  V
=
(T1-T2)V






       R

where (T1 – T2)R
=
torque and  V/R
=
angular

Velocity w.

But V
=
RW
=
823 x 2 x 3.142
x 
70

2000 

=
3.0mls

power required to move the driving pulley (P)




=
2(n1r (T1 – T2)  

                                                60

( T1 – T2

=
 60P/2(n1r

where
 P
=
power of motor 
=
2200w



n1
=
rpm of driving pulley  = 2820rpm



r
=
radius of motor pulley  =  70
=
35mm

                                                                         2  

(  T1 – T2
=
60 x 2200




2 x 3.142 x 2820 x 0.035




=
213N

Hence, power transmitted 
=
V
(T1-T2)





=
3.0 x 213

=
639w

RESOLUTION OF MAJOR FORCES ACTING ON THE WOOD LATHE MACHINE

The diagram below represents the force diagram with RA and RE being the supports bearing the forces F1, F2, and F3 acting at point B, C and D. 



F1
=
30kg x 9.81
=
294.3N


F2
=
5kg x 9.81
=
49.05N


F3
=
4kg x 9.81
=
39.24N

But  F1 + F2 + F3
=
RA + RE

Taking moments about E

(ME
=
O

=>  (350 + 500 + 600 + 450) RA
=
294.3x 350 + 49.05 x 850 + 39.24 x 1450

( 1900RA

=
201595.5

Hence RA
=
106.10N

But RA + RE
=
382.59

( RE
=
382.59 – 106.10
=
276.49N

SHEAR FORCE AND BENDING MOMENT DIAGRAMS




THE CALCULATION OF THE STRESSES ON THE HEAD STOCK SPINDLE.

The V- belt attached to  the shaft gives a force of 294.3N being the weight of the pulley and the force exerted on the shaft by the motor.


Taking moments about c,

for equilibrium  condition, (Mc
=
0

294.3 x 200 – R1 x 100
=
0


58860
=
100R1
R1
=
588.60N

And R2 
=
 F-R1
=
294.3

( R1
=
588.6N and R2
=
-
294.3

The maximum bending moment is found to be 

M
=
294.3 x 100 
=
29430Nmm

The section modulus of the shaft  i/F
=
(d3









32

where d
=
shaft diameter


=
3.142 x (38)3


   32



=
5388mm3

SHEAR FORCE AND BENDING MOMENT DIAGRAMS



MAXIMUM SHEAR AND BENDING STRESSES THE MAXIMUM SHEAR STRESS (Tmax)

=
16

    (d3 (m2 + T2) ½ 

where d
=
38mm
=
0.038, m = 2943Nmm

T
=
9.55 (P/n)  where P = power in watts and 

n
=
rpm

( Torque 
=
 9.55 (2200/2820)



=
(9.55 x 0.780)



=      7.45Nm

Hence Tmax
=
16





((0.038)3x [29.43]2 + (7.45)2]1/2

Tmax
=

16






3.142 x (0.038)3 x 30.35



=
16

= 3077

Tmax
=
.3077KN/m2.

BENDING STRESS

(
=
M
=
29430



y

5388



(  = 5.5Nmm-2
CHAPTER THREE

ASSEMBLY PROCEDURE

In any fabrication and construction work, different components are made differently before each of these parts are assembled together to form the required work. In this project therefore, we ensure parts were produced to specifications before the final assembly, and the following are the procedure followed during the design.

1.   The supports were made with two (2”) inches angles iron, which were cut to sizes, bent and welded together.

The bed of the machine was formed with three inches angle iron. These rails were fastened to the support stand with MIB bolts and nuts, and the two stands held together with a 2” angle iron to ensure rigidity.

The headstock was assembled permanently on the bed with a removable casing. The bearings, spindle shaft, and pulley were all fixed in their respective positions, within the casing. The bearings are 100mm apart, while the pulley is 100mm away from the adjacent bearing.

The tailstock was  formed. A threaded shaft, which serves as  the tailstock spindle was passed through a steel pipe and it movement facilitated by two nuts welded inside the pipe. The spindle advance 2mm per revolution and a lock nut is used to secure it at a position. A wheel is also welded at the other end.

The tool rest was formed with a web bar welded to a 2” pipe which is in turn welded to a cross slide which advances transversely across the bed at 2mm per wheel revolution.

The electric motor was mounted on a three stand motor carriage with adjustment slots. The motor has a bed on which it rests. The motor pulley is aligned to the headstock pulley and linked with a V-belt for the transfer of motion.

Finally, the machine was filed, cleaned with abrasive paper and then painted to protect the surface from rust and to give it a beautiful finishing.

TESTING AND EVALUATION

After the assembling of the machine components, the machine was test run and its intended goal was achieved. During the test running, it was observed hat the work piece was rotating smoothly, and the cutting went with ease. It was used to cut grooves, taper and plain surfaces.

OPERATIONAL/SAFETY GUIDE

The major hazards are unguarded belts and poorly maintained electrical wire connection. The most important features of safety when dealing with high speed rotational machinery are careful retention of guards on all transmission system. The design takes care of this anomalives in manufacture and in consequent, comes out with a construction that has the capability of safe guarding the operator. In case of belt slippage, confirmed  it with in the structure.


Also, setting of tool rest is another sources of the hazards in a lathe like this. Hence, to resolved this the tool rest should be adjust between 3-4mm from the work piece which should be rotate by hand in order to ensure that it is off the tool rest.

OPERATIONAL GUIDE

For effective use this machine, the operator must follow the following guide strictly.

Use only 220 volt power source from the mains.

Make sure that the switch  is off before connect to power source.

Secure  the workpiece firmly before switching on the machine, and then lock.

Ensure that the belt is tight and in good condition

Then switch on the machine by pressing down the switch.

After the job, push up the switch and the machine goes off.

To fix  a job on the machine, slack the tailstock clamp under the machine bed, and shift the tailstock to accommodate your work.

Tight back the clamp and then turn the tailstock wheel to hold the work firmly 

GENERAL MAINTENANCE

THE LATHE MACHINE MAINTENANCE

For effective operation and functioning, the wood lather machine bed should be lubricated periodically to reduce friction between the tailstock base and the bed rails.

The tailstock spindle and the  cross slide shaft must be regularly lubricated with grease to ease their movement. 

The bearings should also be lubricated with grease clearing the machine of any wood clips after each operations is very necessary.
The bolts and nuts should be checks regularly and if any is found slacked, it should be tightened.
The V-belt should be checked to ensure elasticity and good tension.
CUTTING TOOLS MAINTENANCE

The maintenance of the cutting tools is also necessary 

After every operation, the tool used must be cleaned properly, and stored in the appropriate place.

The tools must be ground to the required angle when observed to be blunt.

In use, each specific tool must be used for the specific function for which it was meant for.

ELECTRIC MOTOR MAINTENANCE

The motor in use should always be kept clean and dry and overhaul at regular intervals usually once in a six months.

The machine should not be allowed to run on free load for a long time.

CHAPTER FOUR

COST ANALYSIS

Costing is the means of determining the amount spent on a unit item or items. In Engineering, costing split into direct and indirect costing.

To cost any job, the following must be borne in mind.

Various materials in use (Material cost)

Time given in for the job (labour cost)

Sundry expenses (overhead cost).

MATERIAL COST 

	S/N0
	PART
	MATERIAL
	SIZE

(MM)
	QTY
	SOURCE
	UNIT COST(N)
	TOTAL(N)

	1
	Support stands
	211mild steel angle iron
	2133.6
	5
	Market
	700
	3500

	2
	Bed(rails)
	411mild steel angle iron
	21337
	2
	Market
	850
	1700

	3
	Headstock housing
	2mm tick mild steel
	914.4 x 275
	2
	Scrap
	200
	400

	4
	Tailstock(i)
	Galvanized steel pipe
	457.2
	1
	Scrap
	200
	200

	5
	Tailstock(ii)
	Threaded mild steel shaft and nut
	340
	1
	Market
	200
	200

	6
	Headstock spindle
	mildsteel shaft
	395
	1
	Scrap
	400
	400

	7
	Tool rest and support
	mild steel
	
	1
	Scrap
	200
	200

	8
	Cross slide
	Threaded steel shaft and nuts
	304.8
	1
	Market 
	300
	300

	9
	Motor stand
	mild steel
	914.4
	1
	Scrap
	300
	300

	10
	Tailstock and saddle base
	mild steel
	609.6
	1
	Scrap
	300
	300

	11
	Electric motor
	AEG
	3HP
	1
	Market
	10,000
	10,000

	12
	Motor pulley
	Aluminum
	70(
	1
	Market
	400 
	400

	13
	Headstock pulley
	cast iron
	240(
	1
	Scrap
	250
	250

	14
	Plian bearings for headstock
	steel
	38(
	2
	Market
	275
	550

	15
	wheel for cross slide and tailstock
	steel
	140(
	2
	Scrap
	175
	350

	16
	Vee-belt
	Rubber
	
	1
	Market
	150
	150

	17
	Bolts and nuts with washers
	steel 
	M16
	10
	Market
	30
	300

	18
	Bolts and nuts
	steel
	M12
	14
	Market
	23.6
	330

	19
	Hinges and staple
	steel
	1”
	1
	Market
	40
	40

	20
	Electrodes
	
	Guage
	½ pack
	Market
	300
	300

	21
	Paint
	Green
	+
	11/2 
	Market
	653
	980

	22
	Thinner
	
	
	1/2gal
	Market
	900
	450

	23
	Bearings
	steel 
	20(
	2
	Market
	900
	200

	Total   = 
	
	
	
	
	                21250


LABOUR COST

Owing to the problems of incessant power outage, undue fuel like and other shortcomings the exact cost was not easy to determine. By estimate however, it hook us a total of two hundred and ten (210) hours to do the design and fabrication of the work. Labour cost  = (number of hour worked by each worker) X (charge per hour) x (number of workers). And the rate is sixty baira per hour (N60). In this case, labour cost  = (210) x 60 x 4.

 4

Hence the total labour cost is twelve thousand six hundred naira only N12600.

OVERHEAD COST

This is basically the cost of indirect services rendered, which include all the expenses incurred during the project, logistics assistance and supervision. The over head cost is estimated at 35% of the total labour cost  = 35% x 12600 = 0.35 x 12600  = 4410

The total over head cost is four thousand four hundred and ten naira (N4410)

SUMMARY OF COSTS

In summary, the table below shows the forms of costs, amount and the total amount spent in the production of the wood lathe machine.

	S/N
	FORMS OF COST
	AMOUNT (N)

	1
	Material cost
	21,250

	2
	Labour cost
	12600

	3
	Over head cost 
	4410

	 TOTAL  = 
	N38260


CHAPTER FIVE

CONCLUSION

We are happy to have successfully completed this  projects, it has been  seen that one can take advantage  of the local raw materials within his reach to fabricate a machine that serves as an intermediate technology.


The project therefore come up as a strong desire to encourage and improve indigenous  technology and to provide a means of livelihood for the craftsmen, thereby solving in a way, the  problem of unemployment ravaging the nation today . The operating techniques are simple, and it requires only little maintenance, the wood lathe machine however, and found satisfactory, fulfils its functionality and desired purpose.

RECOMMENDATIONS

Since every design is subjected to redesign, we make the following recommendation on the lather.

(a)
The school management should equip the mechanical Engineering workshop, so that students would have less problem of   going outside to do their works.

(b). For more efficiency of this machine, the nuts, and bolts in the tailstock  might be substitute for  wheel instead of shift and tight.
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