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Abstract

This paper examines the potential for a locally made lathe machine to produce machined
parts with high and acceptable dimensional accuracy with particular focus on the technical
status of the rigidity, vibration, and strength properties of the spindle unit. The spindle unit
design is very highly important because this unit actually controls the operations of the lathe
machine, therefore the operating performance in obtaining machined products with high
precision dimensions is investigated. The models used by Acherkan et al (1973), for rigidity,
vibration proof and strength properties were applied in this study. The deflection at the nose of
the spindle was found to be 2.0mm, the vibration dimensionless property was determined to be
0.58, and the factor of safety was calculated to be 0.375. These values are at great variance with
standard values. They indicate that the spindle unit has been under designed and is capable of
producing blanks with marked dimensional inaccuracy. Therefore the spindle unit has been
recommended for redesign. The design procedure adopted for this study successfully determined
the technical status of the spindle unit.
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1.0 Introduction

Multipurpose lathe machines are used for severalhmang and work operation purposes such as millohgling,
boring, cutting and facing. Chapman [2] describedultipurpose or standard machine as the one vihiahle to deal with
a variety of work, and permits a reasonably wideyeaof operations to be performed. The multipurpoaehine, such as the
lathe machine is used for the production of sevei@thine tools/parts. It is uneconomical, foranse, to produce a unique
screw bolt for joining a particular part to anotlwere, because if that bolt breaks, the technicianldvhave to visit the
jobshop to order another one. This limitationssaily eliminated by producing a bolt that carirfto so many similar holes
used to join the required parts together. A muhgopse bolt is essential, and the ability of thbdamachine to produce this
bolt within the range of tolerances of the requisezt is crucial. Dieter [3] said that the usestaindards provide a definitive
solution to a repetitive problem with the best t@chl means available at the time. He also adtatithe greatest cost
saving comes from re-using existing parts in desighe main savings come from eliminating the nfsechew tooling in
production and from a significant reduction in th&rts that must be stocked to provide service therlifetime of the
product. Investing in standardization is theref@neesconomically sound focus leading to substaotiat savings in inventory
and manufacturing.

Thus, the accuracy of the tool dimension is of gieg@ortance and this study intends to investiglagerigidity status of
the spindle unit of a locally made lathe machinen¢and Huang [4] said that in machining systehms spindle is the most
critical element that affects the dynamic perforoeand capabilities of the system in the machipirgess.

Chapman [2] said that the stiffness and rigidityn@dchine tools are important factors in the sucoesstherwise with
which they perform their functions. If, when undbke load of the cut, an undue amount of distortiordeflection takes
place in several portions of the machine, the amupf the work will suffer, perhaps to the exteftendering it unfit for
service. A machine which is not solid or rigid agh to absorb and damp out the vibrations prombtedhe cutting
operation, but allows them to be transmitted towloek or cutter, will produce work of a poor finishnd the vibrations (or
chattering) may be serious enough to prevent tleeadipn from proceeding except under very reduaattiitions of speed
and efficiency. Chapman [2] also said that an tmlthl factor which has necessitated increasedlitjgihas been the
increase in speed and power made possible by treagenent of high efficiency cutting alloys, theeusf which to their full
capacity demands the highest possible propertissfifess and rigidity in machine tools.

Majou et al [5] were of the opinion that heavy muayiparts require from the machine structure higffness to limit
bending problems that lower machine accuracy, initl the dynamic performances of the feed axes. St al [6] said
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that there is growing competition as internationarkets generate a demand for faster machine thatscan reduce
machining time, while preserving or improving tlieal accuracy.

High accelerations of these machines excite thehmacstructure up to high frequencies leading toketh vibrations.
These structural vibrations need to be dampecdcifirate positioning and trajectory tracking are écalshieved. In this study,
the importance of rigidity, vibration, and machisteength were studied to know if the locally proelddathe machine has
the expected damping structure to sustain the ateor precise production of machine parts.

2. Materials and Methods

2.1: Materials

A multipurpose lathe machine made by Technodrilnpany in Nigeria, is made from steel and cast awailable locally

was used to machine a 40mm rectangular blank. spimelle revolves at a speed of 1400rpm. The measamts taken and
recorded are shown in Tables 1 - 3. These measmtewmalues were used for rigidity, vibration andesgth design

evaluations.

2.2: Methods

Rigidity Design

Spindle design is usually based on rigidity caltiafes. Rigidity determination usually involves tbalculation of deflection
in bending,y, in some cases twist in torsion, vibration prooél astrength calculations. Generally, spindle idaegd by a
beam on hinged supports as illustrated by [1]. Akdue et al. [1] gave the deflectionat the spindle nose and slopen the

front support, respectively, as

2
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where

| = average value of the moment of inertia of theti®ns of the spindle, M = reactive moment inshpport< 0.35 Ra, P =

peripheral force, a = overhanging part of the largftthe spindle, b = width of the spindle part.

Considering the elastic strain of the support,dafiection at the nose of the two supports of thiedle which was acted

upon by the drive system, becomes
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Where
j = rigidity of the spindle unit
. 3El, . . . :
lo=—= = conditional rigidity of the spindle in the lehgbetween the supports.
a

. 3El
10, = —32 = conditional rigidity of the overhanging parttbe spindle,
a

k = IE =ratio of the overhanging part to the length between supports

I, and b= average moments of inertia of the section of ghimdle between the supports and in the overhangarg
respectively.

ja and g = rigidity of the front and rear spindle supportsspectively.

E = young’s modulus of the spindle material.

Equation (3) which depicts the formula for obtagithe deflection at the spindle nose is simplifiéal, ease of the
application, by taking the reciprocal of rigidita$ a unit deflection, C, that is,
1
=— 4)
J
substituting Eq (4) into Eq (3), leads to
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y= PECO +Co,, +(1+ k)2 Cq +kZCA} )5
Vibration Behaviour Calculation

Theory of vibration behavioral pattern in machioels is applied to determine the natural frequewicthe spindle in order
to avoid resonance vibration, which is usually iegrout for high speed spindles [1].

P = Aoty (6)
Where, A is the cross sectional area of the spjndie the mass density of the spindle material andagn (6) is used to
determine the centrifugal force (in kg), Pr whensidering the random angular velocidy,

The critical angular velocityy,, is given as

W, = Y (7)
cr (0] Yl

Where Y, Y, are elastic lines drawn with some degree of acyufsay deflective wavelengths. This is constructed
representing the deflection due to the weight efgspindle. Figure 1 shows the determination oftieldimes illustrated by

[1].

Fig. 1: Vibration Behavior of a Spindle showing Elasticnés drawn with some Degree of Accuracy by Deflectiv
Wavelengths [1]

The vibration behavior of the spindle unit is definby the level of resonance that has occurrectlifimnate the dangers of
resonance, the condition posed by Eq. (8) shoulthé®e Resonance vibration for high speed spindléké major cause of
dimensional inaccuracies of workpiece.

{M} >0.25t0 0.% @)
w

Wherem = maximum angular velocity of the spindle rotation
Strength Calculation

Strength calculations are used for checking heaweided spindles. This involves checking the faabrsafety, n for
alternating stresses.
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(1-¢*)d2o
2 2
10\/(aM) +(aM,)
Where,

d, = outside diameter of the spindle,

n= 9)

d
= F" = ratio of the inside to the outside diameterhef $pindle

o = endurance limit for bending with a symmetricatle of stresses

M and M are average values of the bending moment anddorqu

a and pare coefficients that take into accounts streseeatration and the degree of variation of the nraméand torque)
which are determined by using the expressions in

Egs (10) and (11)

a=k,(1+C) (10)

and a, = Ui +k C, (12)
T

Where k and k = dynamic coefficients of stress concentrationrformal and shearing stressegxk, = 1.7 to 2.0)o1 =
yield stress, and the coefficients,

M
c=—-% 12
M (12
— l“lt
C =——ta 13
M 13

Where M, is the amplitude of the moment Nk the amplitude of the torque and M, &e the average values of the bending
moment and torque.

However, [1] suggested that for finished turningl ahilling C~ C, = 0.1 to 0.2. For milling and roughing operations in
which an extremely non-uniform allowance is removed C, = 0.3 to 0.5. Safety factor is usually considereteowithin
1.3t01.5.

Discussion Of Result
Table 1 contains the measured parameters and pararbtained from manufactured specifications.

Table 1: Measured Parameters for determining the Rigidiégifn

Spindle support length, | 15mm
Overhanging part of the spindle length, a 3mm
Load applied to the spindle nose influenced b)b 73K
the centrifugal force 19KG
The rigidity of the front spindle suppojg 4kg/mm
The rigidity of the rear spindle suppojt, 5kg/mm
The average moments of inertia of the okamm
sections of the spindle between the suppoyts, jr g

The average moment of inertia of the sections9k mm
of the spindle btween the overhanging parts, | g

The Young's Modulus of the spindle maa&rE  2.0N/nf

From the calculations done applying Egs. (1 — @, ¢onditional rigidity of the spindle in the lehdbetween the supports
and in the overhanging part of the spindle weremgined to be 0.375kg/mm and 0.50kg/mm respectivéhese rigidity
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values are sufficient to keep the spindle suppant$ overhanging parts in a non-deflecting positittowever, a spindle
nose deflection of 2.0mm was obtained. This dé&flacis large compared to the permissible deflectibthe spindle nose
which is limited to 0.33mm of the tolerance for ouh at the spindle nose. It is also expected t@ lramaximum deflection
of <0.002L, where L is the distance between suppaits The maximum deflection in this case is 0.003niime deflection
at the spindle nose was simulated by vibrationaded by the electric motor. This deflection vaki®9.85 times that of the
standard specified value.

The vibration proof property of the spindle noses\akso investigated using the values in Table 2.

Table 2: Measured Parameters and Parameters from Secdbdtryised for Determining the
Vibration Behaviour of a Milling Machine.

Centrifugal Force 60kg
The cross sectional area of the spindle material Amm
Spindle deflectiony 2mm

Vibration causing a wavelength with elastic lines
drawn with some degree of accuracy of

+1.5mm and+ 2.6mm

Angular velocity,w 1.2m/s

Mass density of spindle material, 3.6k’

Using Egs. 5 — 7, the random angular velocity @4tm/s was obtained. This velocity is responsibletiie fluctuating
movement of the vibration of the moving parts of #pindle unit, but when this velocity reached fnfids, which is the
critical angular velocity, chattering may occur. &hthe chattering increased steeply, the dangeesanance is visibly
observed. The vibration proof property, tendsewenl the fact that if the rigidity structure oftimachine is stable and
adequate, there would be no resonance or vibraimthdimensional accuracy will be certain. Basedhe criteria specified

for eliminating the danger of resonance, th-”ﬁ;_—“’| > 0.25t0 0.3 the danger of resonance has been eliminatedIfi].

this study, 0.58 was obtained. This value doediadtetween the specified values, therefore, diregdr of resonance is not
eliminated and the locally made lathe machinegs$llyiprone to vibrations.

The strength used to evaluate the lesdibg capacity of the spindle unit was determin€de strength property was
assessed by determining the factor of safety. fatter of safety here means the design factor waildws for variability in
materials, variability in construction practiceadauncertainties in in-service conditions (Hopkig802). Table 3 was used
to determine the factor of safety.

Table 3: Measured Parameters used for the determinatitimedfctor of safety.
Outside diameter of the spindle shaft materigl, d 9min
Inner diameter of the spindle shaft material, d IOm
The endurance limit for bending with SymmemCZZON/mn?
cycle of stresse®)

Average value oftte bending moment, M 120Nmm
Torque generated, M 180Nmm
Dynamic coefficient of stress concentration

. 1.7
for shearing stress, K
Yield stressg, 210N/mfn
Amplitude of the moment, M 45mm
Amplitude of the torqueM,. 40mm

The factor of safety was determined to be 0.376utjn Eq (9). This value is not within the specifiange of 1.3
to 1.5 [1]. Therefore the spindle unit was undesigned and should be recommended for redesignttain ahe
recommended range.
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Conclusion

The rigidity, vibration and strength status of theally made lathe machine was studied. From ithdirfgs, it was
found that the deflection at the spindle noserigdaand capable of causing great danger of resenaHais indicates that the
vibrations that took place in the spindle unit sieep, with very high angular velocity. These ctads make it difficult to
produce a blank material with acceptable dimensiaceuracy. This is further buttressed by thedaof safety which value
shows that the spindle unit has been grossly utelsigned.

Summarily, the lathe machine is not fit for usedese it is outside the quality control scope remlito design a
conventional lathe machine. Therefore, the localtpduced lathe machine is recommended for redetsigimg into
consideration the variations in design standards the primary objective of producing a product witiyh dimension
accuracy by ensuring the stable rigidity positigibration damping capability and strength statushef locally made lathe
machine.

Reference

[1] Acherkan, N; Push, V; Ignatyev, and Kudinov,(¥973) Machine Tool Design, N. Acherkan
(ed) Vol. 3, NA A MTEA ECT BO, MIP, Moscow, pp. 26, 111 - 116.
[2] Chapman, W.A.J. (1963) Workshop TechnologytRaro, Edward Arnold Publishers Ltd., London, p, B6 - 83.
[3] Dieter, E.G. (1991) Engineering Design: A Madés and Processing ApproacH® Ed. McGraw Hill, Inc. New
York, p. 47 - 49.
[4] Kung, H. and Huang, B. (2008) Vibration in aaCked Machine Tool Spindle with
Magnetic Bearings. The Open Mechartajineering Journal, 2, 32 - 39.
[5] Majou, F; Wenger, P.; Chablat, D (2003) The iDesof Parallel Kinematic Machine Tools Using Kiastatic
Performance Criteria (available at arxiv.org/pd@6.71038)
[6] Symens, W.; Van Brussel, H.; Swevers, J. anifhiaas, B. (2004) Gain-Scheduling Control of Maehifiools with
varying structural Flexibilities. Proceedings 8MA 2004. P. 301 - 302.
[7] Hopkins, P. (2002) The Structural Integrity ©fl and Gas Transmission Pipelines; in ComprehenSiructural
Integrity, Vol. 1, Elsevier Publishers.

Journal of the Nigerian Association of Mathematical Physics Volume 19 (November, 2011)399 — 404

404



