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ABSTRACT: Once & aschine too) has desn installed, it is levelled
and them fixed to {ts concrete foundatlion. During rumning, the
sachine too! shouid maiptain fts levelling apZ Fixation. This
paper investigates the case when a -achine ‘too! ioousn ibs
leveiling andfor fixation, shdving tl=Ir effectz on the startie,
Amanic and cutting bepaviowrs of sueh sachire tool. During this
study an eagine lathe with three-jav overhang chucked wvorkpiece
has been experiaentally Investigated, to ciarlfy the statie,
dynasic and cutting behaviours ander sech conditions,
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Billding & machine tool requires the careful pssembly af structural
taents anto main base, the levelled objective system ls then located and
ied to a concrete fourdation. To do 30, the need for different types of
Gints are present, &= an essential psrt of the functionsl requlresents %o
mable the operational movements and manufacturipg requizenents o be
B iliilled (1), In that case, these joints Eorm a link or & number of links
Ia the chaln of elements clesing the flow of the resultant cutting Edrces.
srefore, the machine tocl Joints, which are in direct relation to the
eelling and Eixation of the machine tool, should be regarded aa important
& cther stzuctural elements.

on the other hand, machine tools are vsed in varylng conflqgueation
m, correspordingly, with varying dynamics betugen kool and workpiece
=ding to varying conditions fcr the liait of the machine tool siatic and
stability [2). Thecclore, there 15 alvays the dynamlcs of the
tzol combined with the dynamics of the tool-vorkpicce systen,
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Statlstical enquires (3] =how that sbout 75%% of all machined
pleces, which aze round and symmetrical In Ehape, have & fatio of length |
diaseter equal or less than thzee. Workpleces of this propertionsl 3.
normally overhung clamped and machined in three-jaw chucks, In 5
tegard, numerocus research wocks have Peen carried ful to clarify 1
statlc, dynamle and cutting bebaviours due the effects of Ltypes of o
(4,51, chuocklng methed and cuttlng stabilicy 13,6,7,100, stiffs)
vetlation of the chucked workpiece (7.8,i0], types of contact acea betw)
workplese and 1av  faces (8,91 Howewvesr, che effscts du= to  lach {
levelling andsar Eixation on the machire tool benaviour have not clarifi
yet. '

In this paper, tharefore, the sfifects of the levelling and flmatin
an &rginé lathe on Lhe atntis, dymoamic and cit=ing sehavieurs, of
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merhung three-jav chvceed vockplece, hove bBeen ciaclfied sxpe:isantalls '
sose cxtent. I|
]
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EFERIHENTAL PROCETURE:

To clarify the static, dynanlc and cutting benaviours of the ractel
tool-vorkplece-togl syste= unfer the elfects of levelling and flauatien,
engine lathe wvith comenticnal three-Jaw scroll chuck of 2% =a In dlaw
vas employed. The englire lathe Flest his been put rasdesly unlevelle]
them 1t fos been levellsd along ik= bed and guidevays by ssansg of spl)
lcvel with sersitivity of 0.0 ma/m. For both the onlevelled and lewell
corditions, Ethe bed of the lathe wes freg &g fiwed to bz fourds
sccording to the sxperimental requirements. l

It iz weil known that, among the components of the resultlng  outt
forces, the radial! (orce component hes The oreatest effect on
geomatrical accuzacy of the chocked workplece 13,4,7). Also, Ehe 1
det)sctieon behaviour of the workplecd due to this :zadisl comporent cons!
af thoze of the machine spindle, chock, workplecs s thelr interfaces,

h

In the static experiments, 19
therefore, khe load-daflecklon '
behaviour of the chucked workplece
{as shown in Flg.l), =5 well an Lhe —— i
bending at)finess wvere Immctighted ; _i”
with the bending load of op to 2.0 N\ =50 —— M
KN, which was acplled to the free I 1 by L1 ! !
end of the vorkpiece by means of — ""__""T—"“ ﬁ
the load pell, The due deflections A ._.?_L‘_, e SN B
wer# neasured. by mears of 2izd J__“_ 1-1- | f
gnme vith sensitivity of 2.0 = E ﬁ_‘_fﬂl .
These experiments weLe repeated I - {
thres times, while rthe auesrage —— el
valves were used o clarify  bhe LJ lend  1oad celty 3

dis
load-deflectien bwhavicus, and Lo b agce leromety

calculate the corresponding bending Fig.l Expecimeatal Set-up.
stiffness
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_ In the Jynanmic experiments, the impulsive excitation technigue was
mployed by means of an inpact hawner at the free end of the workpiece.
Tt resultoat vibration signals were detected By an  necelerometer £ixed
fRmeite to the excitation point. Then the dynamie chacactezistics ware
Ealyzed using the spectrin analyzer.

. Te cutting experiments vere cerried cut in the form of longitudingl
ENing operation, i.e. the bending mode, while the left-hand cutting has
\Se=n employed to avoid the deflection oving to chalter in the beginning of
futting cperaticen. During thesa ewperisents each Elp wos used once
‘oely, whlle ' three vorkpleces were cut for sach levelling and Eixing
oeiticn.  Then the surface rougshress 'Ra' vas seasursd at flve tracing
msitions slong the machined surface; 10 rm after the beginning c€ the cut,
0 teicre the froe end of the workpiese, and three positiens in  bebwesn
with distance of JO mm apart. Tn this respect, due to the affect of the
directioral oclentation of the chuck=-jav position celative ta tha radlal
itlng comporent, Uhe surface roushnesa of cach Lracing position was,
(therefore, measured ot six polnts; theee at the jaws position and another
them points In betwveen =acn two javs.

b Ineddition, through all the static, dynamic and cutting experiments,

i assure sufficlent cnocking stiffness of the workpiece, the chucking
lircos el chocking length of the workplecs were 12 Nmand 30 = in
ostant. Alsc, the chucked !snoth was ground, to an average value of 0.5
& Ra, Lo eraure high contact rigidity.

EPMNENTAL RESULTS AMD CONSIDERATIONS:

.' STATIC BEMAVIOUR:

. In the case of conventional chuck, chucking conditicn, rigldity of

dle-chuck system, and directional oclentation of he jav poaition in
i to the radial component, are the main factors affecting the owarall
daflecticn of the workpiece. All thess facbors have been fixed, leaving
the levelling and/or flxation effacts bwing the main foctors to affect the
Gerall lond~deflection behaviour of the objective gsystes.

*  Regarding such suggsstions, Flg.7 shows the effects of levellirs and
flmtion of the lathe on the overail radial deflection, at the free end of
e chacked vozkpiece. The loading-unloading curve for sach case |Implies
e plastlc deformation after a loading-unlcading cycle (maasured at zerc
Jaad), and the total deflecticn to the corresponding applied radial losd

. Fea this [igute, It ls clesarly cbecerved thal both levelling amt
fimtlen have ogreat effects on the oversll deflections. Alse, it 1s
mariakle tc point out that the resygltant plastic formations asre in
telation to the fixing congition and not related te the lewelling
action. The (Interface betwveen the machine bud-foundatlon base has the
sjcr role in determining the plastic deformation of the chucked workplece
o e Tn acdditlon, the case of levelled-fixed corditlion is showing the
dowst overall redial deflections of the workpiecs. The scatter of the
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obtained resultant deflectiors, ls
due to the directional 3% %% nuss
orientation of the jave position
relative to the spplied radial
loag, which has no great affect on
the load-deflection behaviour.

Flgure 1 shows the calevlated
bending stiffnesa of the cancecnsd
operisents. Prom which It can be
envisaged that the flxation of the
mchine base Eo lbw  fouelation
claimed wore gtability to Lhe
tending stiffress of the objective
EySTEN, m;ng:in h i e
tompared wi free— ard
unlevelled conditiona,

These tesults can W auch

Interpreted as follows:

1} Iz respect o the paching tool
Jeists, It In impoctan® o
prevent gny separation of the
Joint =usFages. Of those, Ehe
machine=foamdgeion
play tha iegortant cola In
gararnining the  load-Oeflack ion
benaviour, 48 well 48 the
Bending stiffness of the ofucked
workpiece

) ™e performance of the machine
toel- workplece systes and their
interfaces ras nignifilcant
effects on the overall bSeluviour
of the corcerned machine ool
Devistione In alignment, dug Fo
lack 2f lewelling betwegn the
chock-workplece and Lhe sachine
ool Bese, i3 one majer  factos
Causing disensiona! Instability
Spile o i
spi iecE  owerall
stiffmess .

Bl DYNAHIC RENAVIOUR;

Ta  clacify the Jdyramic
behaviour, the vibgation responses
of the tested u:pl:u in the rime-
dosaln  and fzequancy=domain
have been analyzed. From wnlch the
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'E' were found from the msjor peak of the frequency
vhile the damping capscitles have been calcuizted by

g th!: the tand-width method (Frequency-domain) or the logarithmic damping
decrement 'A ' [time—dosain) (117,

Figure 4 shows the oberained vibration responaes for the different
From Fig.4 (¢ and d), it

in the tire~domain cf the machine withpout Eixation
elled or not levelled), are showing vnzmgotn wawve
supecimposed harmonic waves,

is clear that thes

forms with other

compared with Lhose of the machine with

vave fores, as shown in Flig.4 (s and b).

- maior peak
maching
8- td’

aE the

The
machine

nish.
Jaw

7.
- feasibility

conditions,

Also,

: howewer havir: a
frecuency has  b=en
vl:,haut Eivatic

cency reaporse forms, lee., due to the irrequlacities in the wave form,

existance of other peaks close to the dominating peak

drequency response forms.

basic function
toal

chuck,

of the
dynamic behaviours,
tests were carried oot under the
‘sre aforementloned

witn

found.

e} CUTTING BEMAVIOUR:

 (levelled oz not levelled), wvhich are showing clsar ard saocth

On the other hand, the frequency spectrum foras are showing 3 =lingle
vith Zixed machine ( levelled cor not lavellad).
without fiwmtion their are multi pesks and difFficult to be

deowinating peak Erom vhich

In the case of

the natuzal

Alsu, the damplng capeclty of the macnica
was lrposgible to be deduced from both the vave and the

of a
is to produce a
worrplece of the requized gecmetric
fora with an acceptsble surface
in rthe case

of

the ovechang

accuracy

to claclty
static

the

conditions showm in Table 1.

length of the workpiece expectsd to
tave 3 significant
‘the  geozetrical
gurface  Elnish of Lhe due product
Trerefore,

influences on

and

tha
and

sone cutllng

e4per inental
cutting

in the

in addditlen, the machine tool levelling has Dut
srail effect om  the dynasic behavior; it reduces slichtly the
frequency and showing ne significant sffect on the demping rapucity.

ratursl

These results conflzm the obtzined cnes ¢of the statlec Pehaviour,
shoving that flxation and levelling of the machime toul
gifects on the machiine tool zigldity, which in turn hag a great effect on
the machine tool dyramic stabillty.

rave significant

Table 1 Cotiing Conditlons

T Swing overbed :500 mm
LATHE Centgr distance - 000 mm
Motor power 78 KW
WORKPIECE | MIId slee|
TO0L | Cemented Carbide RSK25mm)
(2.13,0,5,60,57.0.8mm)
CHUCKING Chusthing lorque : 125 N.m
CORDITION |. Chucking lengtn :n-: ]
CUTIING Lert - hand longitudinol
MCDE tutting hit
" Culting speed Foed rate Deptn of tut
L 100 mirmln 02 mmirew | 1.5 mmidia
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stattered rescits at eech tracing poaition wers
surface roughness of the three machined vorkpleces,
ints &t wach tracing
& flgure, iF is ﬂuﬂr

obey the ones of l‘h wtatic and
P18 highee the statlc bending stlffness ﬂ“ﬂlﬂ“liﬂﬂ
84}, Ehe |ower aurface rovnbness of the workplece has besn  obtalnad,
ke mﬁﬂ Foughnass Yaives [ncresme wheén Ehd  measutsl  tracing

'r:ilnlnutmi Ehe [res end of the chucked voagkplecw,

lﬂnlmml:muith churk~Jay directlonal of jantatien on
: ¢ Im this figure, bthe two wchrame  separ (neneal
'uli. l.l unléwm]llad-Eree case and levelled=[imsl Cusd, PV bBeen
raldeced. From This flgure, It is clsar thet the dloectlonal olentation
' -Mimiﬂimuhﬂhm what tha  REacing
tion wms fwar Lo [Ne wockplecs chodked pection, while 1t | aignilicanst
ta the Ered oonl mf the worepiece. These mesalts alse ascertaln the
wrew ol Lo seciow ool Tewellsing, firieg, and vorlplecs oweitung
ol l=iratlrg tte eliscts of Hw ciuch=-jav directiom] orientation
ity :ooghoass

|
|
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4 Biect of lowelling/lination Fig.§ Eliect of Jav pesitics se
I fhe sorfsce reoghases. the Surlacs revjhissis.
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CONCLUSTONS :

In this study the atatie, dynamic and cucting behaviours of
overhung chucked verkpiece, due to the sffects of levelling and [lxatlom
an engine lathe, have been svEstigatec expezrimentaliy. From the abbaisd
tesults, it can be pointed cut that both levelleing and flxation of

maching tool have great effscts on “he overall behaviour of such machs
tool.

It 13, bowever, impar=ant to point out that the machine tool £iaatis
is the key rol= in deterniring the static, dynaalc and cufking Lehsvios
of the lested sy=tem. In addition, the chock-jaw directlonal criencatis
has slight Influencas cn the Cutting twhaviour with thres-fav chuckd
vorkplece. MHowever, the special attention should essentlally be paid o
the Lixation ard levelling of rthe machine toal. '
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