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ABSTRACT

Based on the mechani cal modeling and force analysisof ordinary turning,
themethod of dender shaft turning with symmetric dual-toolsisintroduced,
establishing the mechanical model and force analysis of double tools
turning, using the finite element method for simulation analysis of both
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turning machining accuracy, obtaining the turning data through the
experiment, drawing the diameter-axis displacement coordinate graph of
dlender shaft, the results show that turning with symmetric dual-tools can

obviously improve the machining accuracy.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Slender shaft generates bending deformation due
toitspoor rigidity, weak flexural capacity, thefactors
of cuttingforces, clampingforce, vibration, and cutting
heat intheturning process, it actually changesthe ma-
chining position between the partsand thetool, reduc-
ing themachining accuracy of theparts, itisdifficultto
obtaintheidea surface quality and geometry shape,
resultinginitsprocess ng has been considered the prob-
leminmachining process. Thetraditional methods of
solving such problems can bedividedinto threetypes:
a increasing partsrigidity, such asinstaling center rest
or follow rest inthe process; b. selecting the clamping
method, such aseladtic rotating top method; c. improv-
ing the geometry of thetool. A lot of practice proves
that thetraditional methods can meet themachining ac-
curacy in certain extent, but it can not achieve greater
breakthroughsinthemodern productionwithlow-cogt,
high-volumeand high precison. Therefore, through the

improvement of traditional processing method, thear-
ticle proposes symmetric dua-toolsturning, usngthe
finitedement method for smulationandysisof bothturn-
ing machiningaccuracy, obtaining theturning datathrough
theexperiment, drawingthediameter-axisdisplacement
coordinate graph of dender shaft, theresultsshow that
turning with symmetric dual-tools can obvioudy im-
provethe machining accuracy.

THE BENDING DEFORMATION
MODEL OF ORDINARY TURNING

Dueto the bending deformation of feed force F,
a ong the axisdirection acting on thed ender shaft can
be negl ected during the mechanical processing of den-
der shaft, the bending deformation of machining den-
der shaft mainly comesfromtheforce F, , F, that act
ontheY-axisand Z-axisdirection. The cutting force
changestheactud back engagement of the cutting edge
during themachining, affecting thefina dimension of
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the dlender shaft, and generating the processing error.
Intheforceandysis, the clamping chuck endisreduced
toafixed end, limiting al degreesof freedom; theend
of thethimbleissimplified asarotary hinge, limiting
degree of freedom of z-axisdirection.
Theforcemodd asshowninFigurel, radid force

F, generates bending deformation inthez direction of

the slender shaft. According to the equation of static
equilibrium:
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Figurel: Thebending model of dender shaft under radial
force
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Since only two equationsto solvethree unknown
quantity, adeformation equation must beadded, using
thesingular function method towritethe deflection curve
equation of dender shaft, defining thesingular function:

ifx>a,then<x- a>=(x- a)
Elw' =F, <x>'-M, <x>°-F<x-a>" (3

Integrating theequation (3), we get:

<x>? <x—a>?

EIV\/:FAi2 -M, <x>'-F

+C (@)

According to theboundary condition: x =0, w =0,
weget:C, =0
Integrating theequation (4), we get:

x >3
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Elw=F, -M,
6

—F
2 6

According to the boundary condition:

+C, (9

x=0’
w=0 weget: C,=0

Substituting theboundary conditions(x =| ) into
theequation (5), weget:

N |2 b’
oO=F,—M,——F—
s A 6 (6)
Accordingtotheformulaof (1), (2), (3), (4), (5),

weget:

Fb Fa’ Fb
F,=—@%-b%), F,=—(2 +b), M, =—(1?- b?
(=@ 0), Ry =T (24), M, =5 (- 1Y)

| 3
Sothedifferentia equation of the deflection curve
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Symmetricdual-toolsdesign

Thekey technology of processing slender shaftis
to solvethe problem of parts’ bending deformation, the
main factor of parts’ bending deformationisthecutting
force of tool, so we can makethefollowing consider-
ations:. reducing cutting forces such astheuse of small
cutting parameters, changing theforcedistribution acts
on the parts such asinstalling symmetric dual-tools.
Thus, onthebasisof summing up traditional processing
method, the paper presentsthe program of dual-tools
turning dender shaft. Thebasic structure of dual-tools
turning showsinFgure?2.

Chuck

Figure2: Symmetrictwotoolsturning structure

Twotoolsisnot fully symmetrical distribution, the
axia spacingisAx , otheorigind processingisdivided
into two processing, the cutting force of each tool is
reduced.

Symmetric doubletoolsturning mechanicsanaly-
Sis

We know that the cutting forceisgenerated inthe
turning process, it can be decomposed into an axial

cutting forceF, , tangential cutting forcesF, andradial

cutting forcesF, , and threeforceswill cause bending
deformationineach direction. Amongthem, radia cut-
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ting forceshasthe greatest effect on machining accu-
racy.

Double-tool sturning usethe clamping method of
elasticrotating top. Intheanalysis of force, theclamp-
ing chuck endisreduced toafixedend, limitingal de-
greesof freedom; the other end of thethimbleissimpli-
fied asarotary hinge, limiting degree of freedom of y-
axisdirection. Sothat it smplifiestheproblem of astati-
cally indeterminate beam, the simplified mechanical
model of dua-toolsturning showsinFigure3.
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Figure3: Symmetricdouble-toolsturning mechanical mode
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AsthecoordinatesshowninFigure3, F,, F, rep-

resentstheradid force of thetools, when the back en-
gagement of the cutting edge of the doubletoolsisnot

equal, therel ationship between themisF, = nF, , de-
fined thedown deflectionisnegative, (wg)¢, , (@g)e, ,
(wg),, respectively representsthe deflection which

F.. F,, F;, actsonthetermina B. BecausetheB end

ishinged support, it should not havethevertical dis-
placement, deformation coordination equationislisted:

Wy :(a)B)F1+(a)B)F2 +(a)B)FBZ =0 )
Fa’
6El

__F(a+ AX)?
(a)B)FZ = 6E|

Ax isvery small relatively to |, it can beignored. So:

(60B)|=1 =

(®)

[3 - (a+AX)]

F,a’
6El
Fg,l 2
3El
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According to theempirical formulaof tool cutting
force: F =C, a,” £V K inthemachining condi-

tions of the same geometry parameters of the tool,
workpiece material and thefeed speed, thetool cutting
forceismainly decided by the back engagement of the

cutting edge a,,, becausetheindex xF, of the back

engagement of thecuttingedge a,, iscloseto lingen-
eral experimental formulaof cutting force, so the cut-
tingforce F isapproximately proportiona to theback
engagement of the cutting edge, For the convenience

of calculation, weassume a,, =2d. a,, =d ,andlet

F, =2F, (11)
Accordingtotheformulaof (7), (8), (9), (10), (12) we
ot

2 a3
Frey = Te (3 e (12)
ACCOI’dI ng to the equation of static
eguilibium_F, =0, weget:
FRAy =F,- FRBy (13)

According to the equation of static equilib-
rium» F, =0, weget:

Frac = Fix + Foy (14)
According to the -equation of static
eguilibrium > M, =0, weget:
M, =Fa-F,(a+Ax)-Fgl
Smplificationis

F)| a® a
Ma= 2(2T_3| PJ (15)

The approximate differential equation of deflection
curvesat Q< x < a canbewritten as:

d2
Y o FoX=M, +Foy

(16)

Formula(10) for second order constant coefficient
non-homogeneouslinear differentid equation, usngthe
boundary conditions: x =0, y =0andx =I,y=0 and
mathematical knowledge, we get:
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M,-F
w=Ce*+Ce " +—=2 ™t <x<a (17)
N <Xx<
Amongthem:
c - kM, + Fgy, c kM , — Fpy,
' 2KF,, ? 2KF.,,

Finiteelement mode of thedual-toolsturning

Themode of smply supported beam isestablished
whichisbased onthemode of doubletoolsturning, it
isbased on the beam theory, Thechuck issmplifiedas
afixed support, rotary top issmplified asahinge sup-
port, thelengthen of dender shaftis| , Slender shaftis
discretized into 10 nodesfor andysisby usngthefinite
element method, node number asshownin Figure4,

node lisafixed end, node 100isHinged Support, F,

F, isacted onnode 7, thedua-tool sturning s mulation
mode isshownin Figure4.
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Figure4: Thesymmetricdual-toolsturning smulation model
Finiteelement analysis

Known conditions: Thelength of dender shaftis
1000 mm, diameter is50 mm, material is45 stedl, den-

Styis 7.8g/cm®, Poisson’sratiois 0.3, accel eration of
gravity is 9.8N / kg, rotational speedis 600rad / s,

feed speed is 0.5mm/r, E =2.1el1Pa. In turning
withtwotoals, the back engagement of the cutting edge
of tool 1 andtool 2 isrespectively 1.5mm, 05 mm; the
back engagement of the cutting edgeis 2mm, in ordi-
nary machining. In the machining of dual-tools,

F, =107N. F, =-38.4N; Inthemachining of ordinary

machining F=132N .
Figure 6istheforce deformation of dender shaft
after ordinary lathe machining, maximum deformation

position of thedender shaft isnear theIE , themaximum

————, FyurrL PAPER

displacement is 18.4um. Figure? istheforcedeforma:
tion of slender shaft by turning with two tools, maxi-
mum deformation position of the slender shaft isnear
the, themaximum displacement is9.84um. Processing
the same cutting depth of dender shaft, the maximum

deflection of machiningwith dud-tools (w,) issmaller
than ordinary machining (e,) , therdaionshipisabout

1
w, = 5 o, . Thesmulation results show, dender shaft

turning with two symmetric tools meetsthemachining
accuracy.
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Figure6: Part defor mation after ordinary machining
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Figure7: Part deformation after dual-tools machining

EXPERIMENT

Experimentsusing NZ-S1500/1000 doubleturret
lathe, materid 1s45 stedl, diameter is34 mm, lengthis
700mm, measurement tool s using spiral micrometer
cdiper. Tool selection: Carbideindexableturningtools;

tool geometry: tool cutting edgeangleK, =90°, rake
angle g, =15°, tool cutting edge inclination angle
| . =0° tool orthogonal clearancea, =6°; process-
ing parameters: ordinary turning cutting depth
a, =2mm, dual-tools turning cutting depth:
a, =1mm, a , =1mm; feed speed is 0.6mm/r;

cutting speedis 150m/ min.-
Thediameter of dender shaftisD=34mmusedin
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TABLE 1: Theexperimental data

Abscissa 0 50 100 150 200 250 300 350
Number 1 30.000 30.012 30.021 30.036 30.044 30.055 30.070 30.077
Number 2 30.000 30.005 30.008 30.010 30.013 30.010 30.009 30.005
Abscissa 400 450 500 550 600 650 700
Number 1 30.082 30.077 30.064 30.055 30.045 30.032 30.024
Number 2 30.002 29.995 29.992 29.988 29.989 29.990 29.994

Figure8: Machining of ordinary lathe

theexperiment, theeffectivelengthis | =700mm, as-
pect ratio is20.58, which isbelong to the machining
areas of slender shaft, theideal size of slender shaft
processing should be 30mm, asshowninFigure8, the
experiment number is1, whichistheordinary machin-
ing of slender shaft; asshownin Figure9, the experi-
ment number is2, whichisthedua-tool sturningwith

a0, 08

Figure9: Machining of dual-tools

dender shaft, thedistance of thedud-toolsis ﬁ =7mm,

two groups of turning al usethetop clamping chuck,
after processing, measuring thediameter of the dender
shaft in every 50mm), getting 14 groupsdiameter data
of thedlender shaft, measurement resultsareshownin
TABLE 1.
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Figure10: Thedatecomparison of dender shaft diameter

Usingthe Excd software, using dender shaft diam-
eter asthevertica axisand theaxid coordinatesasthe
abscissa, setting the slender shaft chuck fixed end as
theorigin of coordinates, drawing thecurveof position

coordinatesin machining dender shaft, asshowninFig-
ure 10.

Although the experimental curvesand ssimulation
curvesaredifferent, but the overall trend of the curves
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remained thesame, using dua-tool sturningisvery ob-
vioustoimprovethemachining accuracy of dender shaft,
dual-tool sturning can meet the design objectivetoim-
provethe machining accuracy of dender shaft.

CONCLUSION

Slender shaft turning with two symmetric tool s ef-
fectively solvethe problem of bending deformation by
changing thedigtribution of turningforces, it solvesthe
key factorswhich decide processing dimension error
of dender shaft, and significantly improvethe machin-
ing surface quality and geometrical accuracy.

Thecutting forcewill cause bending deflection o,

duetotheuseof ordinary lathemachinesd ender shaft,
inthe same processi ng condition of the geometric pa-
rametersof cutting tool, workpiece material and feed
speed, using the dua-toolsmethod to processthesame
dender shaft, and cutting forcerel ationship between tool

landtool 2is F, = NF,, the cutting force causesthe

parts bending deflection «, , fromtheresultsof theo-
retica analysissolution, partsbending deflectionispro-
portional totheforce, it can be deduced fromtherela
tionship between o, and w,, it is approxi-
N-1

N+1

According to the tool life experience formula

mady: @, =

T ~ " f9gn (thevaueof hisclosetol), inthecase
¢ P

of the other factorsis constant, doubletoolsturning
reducesthe back engagement of the cutting edgea,,

and two knivesprocessing at the sametime, it greatly
reducestheunit energy consumption and cost, improve
work efficiency, and meet the production requirements
of themodern enterprise.
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