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LAPPING SYSTEM FOR IMPROVEMENT OF GEOMETRICAL ACCURACY
USING LATHE MACHINE

The geometrical accuracy of the products are ds$efor high quality and interchangeability. Lapgin
processing is mostly using for final improvement ggometrical accuracy. Geometrical accuracy indude
cylindricity, circularity and straightness. In thpaper, lapping processing using a normal latheimasstigated
for improvement of geometrical accuracy. Firstlgrmal turning process is taken and then, the lapphocess
is performed using the same lathe. The lapping tooilsists of a lapping head made of polypropylgrie)(
a coil spring for supplying lapping pressure antdéofor fitting on tool post. Lapping slurry is mposed by
mixing water, PEO (Polyethylene Oxide) and diamgnrain. This lapping slurry is supplied between Wk
piece and the lapping head during lapping procgs3ihe lapping head is made to contact and |eave fvork
piece in regular intervals for catching new graamgl removing chips. The optimum lapping conditioasw
invesigated for high productivity and high accurégyexperiments. It is concluded from the resuitg;t(1) The
geometrical accuracy were improved by using deesloapping system with ordinary lathe machine. B
optimum lapping condition was revealed experiméntdB) The surface roughness and dimensional acgur
are also improved using this developed lappingesyst

1. INTRODUCTION

Recently, the products with high quality and accyrare well demanded and the
production technology and machine tools for thosedpcts are also being investigated.
Especially, for the case of producing cylindricaape products, it is necessary to undergoes
many step of processing with various kinds of maetisuch as lathe turning, grinding,
polishing processes and taking long processing .tifitee authors have been already
revealed for the lapping system for mirror likeioglfical surface processing [&phd the
development of lapping slurry for using with latin@chine [2].
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Therefore, in this research, the cutting technolégyimproving both geometrical
accuracy and productivity with using only an ordin&the turning machine starting from
turning process to lapping finishing process witle ahucking. In concretely, the lapping
system and the lapping slurry which has been ajrdateloped by researchers are modified
and then the improvement of geometrical accuraclytha optimum processing conditions
for both dimensional accuracy and surface roughaessnvestigated. Finally, the lapping
technology for improving geometrical accuracy witsing only ordinary lathe machine is
revealed. Here, the improvement of the geometdcalracy can also be achieved by using
grinding processing after lathe turning or ultraefifinishing lathe machine. However, the
objective of this research is made to be achiengmoved geometrical accuracy using only
ordinary lathe machine with advantages of fas&siez and economy.

2. LAPPING SYSTEM FOR USING ON ORDINARY LATHE MACHE

2.1. DEVELOPMENT OF LAPPING TOOL

The developed lapping tool is as shown in Fig. 4pping tool consists of lapping head
made of polypropylene (PP), coil spring for suppdyiapping pressure and holder. The PP
material is chosen for lapping head for its chanastic of maintaining the diamond lapping
grains during lapping processing and durable fonatig likes grinding stone. A soft coil
spring of 78 mm long with spring constant 1.09 N/nsnused for supplying lapping
pressure. This arrangement is aim to recover apdove the effects of low accuracy of the
lathe machine and tool setup. The lapping toolaslento be easy adjustment for lengths and
easy replacement of different stiffness of spririgsinvestigate the optimum lapping
condition. Moreover, the tool axis is made to bk db adjust the initial compression force
of the spring to control the best lapping pressure.

With linear ball bearing 24mm

g
o

/\ o
Lapping heac \ 55mm~75mm

6mmx10mmx10mm

Fig. 1. Schematic view of the lapping tool for impement of several deviations of form



Lapping System for Improvement of Geometrical AexyrUsing Lathe Machine 30

2.2. DEVELOPMENT OF LAPPING SLURRY

The lapping slurry from the marketplace may havargdensity variation inside the
slurry during the spindle rotation and it is ditflcto obtain mirror like surface even using
same lapping condition. Considering the interchabtge parts manufacturing, it is required
to ensure that surface roughness, brightness amditiom of the mirror-like surface are
needed to be uniform. Therefore, the new lappingrgl which is applicable for lathe is
developed by researchers [2], by putting diamonadaw into the mixture of polyethylene
oxide (PEQ) and water. Those authors used diamond grain afizgt400~500, #1200,
#2500). However, in this research, we intendeds® only ordinary lathe and its overall
accuracy is also originally lower. Therefore, weubht the diamond grain sizes of (#800,
#200, #325) are suitable for applying on ordinagghé and this will also increase
productivity.

Table 1. Specification of lapping slurry

Mixing ratio of solvents Water : PEO =96 : 4 wt%

Viscosity 530 Pas (at 0.1 rps)

Shearing stress 53 Pa (at 0.1 rps)

Sizes of diamond grain #80 #200 #3215

Concentration of diamond 10.0 10.0 10.0

grains inside slurry wit% wit% wit%
Scattering of slurry O O O O O x X

Variation of diamond gains
concentration inside slurry,

Dropping of slurry X O O O O O O

Spindle speed  niin 0 83 | 155| 270/ 560, 103D 1840

Fig. 2. Condition of lapping slurry during revolution spindle(Diamete of work piece=18 mm )

Table 1 shows the specifications of the lappingrglused. The percentage of PEB
increased up to 4 wt% for sufficient viscosity tktlapping slurry so that the diamond
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grains could not be scattered during lapping praiogs If the percent of PE©Qbecomes
larger than this value, there occurs the variatiodensity of diamond grains in the slurry.
Then, the percentage of diamond grains inside yslisr also increased for higher
productivity till reach 10.0 wt%. There also exhihen the percentage of diamond grains
exceed this value, the excess of diamond grainsecthe scratches on the work surface
resulting lower surface quality.

The conditions of lapping slurry on the revolvingorkpiece are determined by
preliminary experiments. The lapping slurry is mut a workpiece of 18 mm diameter
revolving with various spindle speeds and the dommB are observed. Fig. 2 shows the
observed conditions of the lapping slurry. It candeen that the lapping slurry was kept
maintain without dropping or scattering and alsovanation of diamond grains in the range
of spindle revolution between 83 ~ 560hin

3.2. THE EXPLANATION OF LAPPING METHOD

Fig. 3 shows the schematic view of the lappingesysand procedure of lapping. The
lapping tool in Fig 1 is fitted on the tool postarf ordinary lathe machine and the lapping
procedure is arranged as follow. (1) The lappingrglis dropped on to the work surface,
(2) Picking up the diamond grains from the sluroythe lapping head, (3) the lapping
processing is commenced with the relative moverhetween work piece and lapping head
by the revolution of spindle and feed speed aloraxig& of the machine. The lapping head
and work piece are separated intermittently dutaggping processing for dressing and
cleaning. The investigation of the optimum lappingnditions by selecting lapping
pressure, spring stiffness, spindle speed anddpedd on Z axis are influencing factors in
this research.

Procedure

O ® T O™

\ ~" Lappin tool‘.
\ B pp

Wark piece rotation
__— and lapping tool feed

=

Spindle

Tool post

Fig. 3. Schematic view of lapping method
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3. COMPARISON OF LAPPING PROCESS AND GRINDING PRCG&EE

For the evaluation of the accuracy, processing ame effectiveness of the proposed
lapping method, the experiments are taken compawiitg the conventional grinding
process. Table 2 shows the processing conditioedoh process.

The work piece is @18 mm diameter S45C material with effective lengthmm.
The turning cutting conditions taken for initial ttog are same for both lapping and
grinding processes as 2(a) in the Table 2.

Fig. 4(a) and (b) shows the results for improvenorgeometrical accuracy and their
comparison between lapping and grinding procesespectively. In Fig. 4(a), as it is
impossible to measure geometrical accuracy duap@ihg processing, the multiple work
pieces are taken with changing the lapping time #wedcombined results for continuous
processing are shown here. Here, only diamond gsai@ of #80 is used and lapping
condition is just directly applied from the refeces previously explainéH. This condition

Table 2. Cutting condition

(a) Turning using the engine Lathe (b) Grinding
Spindle speed  min 270 Wheel speed miin 2420
Cutting
Feed speed mm/rev 0.1 Wheel diameter mm 340
Catching 10MPa _— .
Lapping |diamond (spindle stop) Grinding speed  m/min 2585
Pressure For lapping AMPa Grinding depth  mm 0.002
Lapoin Specification See table 1
Lapping bpIng -
slurry Size of
: #80
diamond
Spindle speed  miin 83
Feed speed mm/rev 0.1

is not yet the optimum condition in this step. Tlesults of the lapping process become
improve till 6 min from starting and there is no momprovement after 6 min. Moreover,
the processing accuracy becomamuring 6 min lapping time and it can be said tha
research is effective for lapping with simple aadtér method. Regarding to the grinding
process, it takes 25 min for rough grinding of wehalork surface and 15 min for finish
grinding. Normally, total 40 min is taken for grind a single product with same dimension.
Grinding process takes much longer time and theatlvaccuracy also better than lapping
method. For this experiment, only one size of diadhgrain is used and the improvements
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of the accuracy also have limitation for this st€perefore, in the next step, multiple sizes
of diamond grains will be used and the improvemanthe processing accuracy will be
investigated.

a) b)
20 Cylindricity -l Grinding for 40 min Lapping for 6 min
= = g Il Before
? 15 % [ After
§ Circularity & 161
3 3 12} 2 3
S 10 S S o
S = 10 B> 2 ? =
= s £ S 5] =)
© / = 8 S} 0 5, 3 ©
g 5 . g 6 5 > 3 @) = n
o Straightness 5 H E = =
0 © © S <
0 3 6 9 12 2 O o
Lapping timet min 0

Fig. 4. Comparision of each machining processeladionship between lapping time and deviatiofoor,
b) comparision of grinding and lapping

4. OPTIMUM LAPPING CONDITION FOR IMPROVEMENT OF GH@ETRICAL
ACCURACY

4.1. CONSIDERATION OF FUNDAMENTAL FOR IMPROVEMENT ©EGEOMETRICAL ACCURACY

Fig. 5 shows the schematic of mechanism for imprwam of processing accuracy by
using proposed lapping system. In the precedingingrstep, the accuracy of the lathe
machine, eccentric error of spindle revolution amork piece center, centrifugal force,
cutting force and vibration of the machine effeleigely on the cylindricality, circularity
and straightness of the work piece. Those affeetsnaeded to eliminate in the succeeding
lapping process for improving product accuracy. Sfhthe structure of the lapping tool is
considered and constructed as shown in Fig. 5.ign 3{a), the change in the relative
distance between work piece and lapping tool effect the lapping pressure and lapping
volume. For example, the larger distance betweak wiece and lapping tool (as in part A)
will decrease lapping pressure and lapping volurtlealso decreased. In the opposite, the
shorter distance between work piece and lappinig(ésoin part B) the lapping pressure will
be increased and the lapping volume becomes iredes this method, the coil spring at
lapping tool can expend freely till the lapping $sere become zero and thus the variation in
circularity of the work piece could also becomerheaero. This mechanism effects for
improving circularity even in the case of eccentewolution of spindle and work piece.
Similarly, in Fig. 5(b), as the lapping tool goifrgm part D to E along Z axis, the relative
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distance between work piece and lapping tool beclamyer and the lapping pressure and
lapping volume also decrease. The final lappingeserline will become ling& in the figure.

a) b)
i Spindi¢ Work  Einal lapping linel
‘ piece onwork piece
Ychip PartA :
_\Chlp Force — smal I Sisfesimiziios
-:..!:- +X N . l—. ;‘l‘.—.. :l- :-. ....
Lapping PATE S
Force
— smal Force

Chip Lapping forc: F will
PartB : be zero when final
Force — large | lapping lineL and I
feed locusS become | Feed locusS of Z
parallel. direction

Lapping
tool

Fig. 5. Schematic view of principle for improvemefigeometrical accuracies: a) improvement of dingty,
b) improvement of both cylindricity and straightaes

Therefore, there exist large influences by the Ikdgian center of the work piece on
cylindricality, the feed path of lapping tool alogaxis (line S) on the liné and the
straightness of the feed path on the straightnEs#k piece respectively. Therefore, the
accuracy of cylindricality and the straightnessnirthe preceding turning process can be
made improved in the succeeding lapping processeter, the lapping pressure being
used is relatively very small to that of cuttingde in the turning process. Therefore, there
iIs not much impact to deformation of work piece ahds the geometrical accuracy is
improved more. The contact area between lappingd la@a work piece is also very short
resulting less effect of vibration. Moreover, thétmg condition in the turning process is
defined depending on the type of tool and work @ietaterial. The machine vibration is
unavoidable in this stage. However, in the sucegpdapping process, it is possible to
select lapping condition to increase productiviyeell as to avoid the resonance frequency
of the machine easily. Therefore, the proposed itgppmethod is applicable for
improvement of geometrical accuracy of the products

4.2. THE OPTIMUM CONDITION REGARDING LAPPING PRESRE AND SPRING CONSTANT

Lapping pressure influences on the productivity. alidition, the spring stiffness
of lapping tool also affects the rate of improvemeh geometrical accuracy. Thus, the
effect of lapping pressure and spring stiffnesstlo® improvement rate of geometrical
accuracy is investigated here. Table 3 shows thy@rg conditions taken in the experiment.
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Table 3 Lapping condition

Material of work piece S45C
Lapping area P18%x20 mm
Lapping slurry See table 1
Lapping pressure for amount 10MPa
catting diamond (spindle speed 0 miM)
Lapping pressure 5, 10, 20 MPa
Spring stiffness IN/mm
Fig.6(a)
Spindle speed 270 min
Feed speed 0.1 mm/rev
Spring stiffness 1, 9,27,33,53 N/mm
Fig.6(b) Spindle speed 270 min
Feed speed 0.1 mm/rev
Spindle speed 83, 270, 560 fmin
Fig.7(a)
Feed speed 0.1 mm/rev
Fig.7(b) Feed speed 0.1, 0.55, 1.1 mm/rev

Fig. 6(a) and’(b)’'snow the experimeéntal festingermetrical accuracy with changing
lapping pressure and spring stiffness respectivebyr. evaluating the effect of lapping
pressure, lapping tool with lower spring stiffn@és89 N/mm (same as in the research done

a
) 3C Lapping pressure Lapping pressure Lapping pressure
5MPa 10MPa 20MPa
2t M Cylindricity
E Circularity
2 [ Straightness

Geometrical accuracy [um]
'—\
(&)}

é Wﬂh Ik k hmm

Cut #80 #200 #325 Cut #80 #200 #325 Cut #80 #200 #325
Diamond grain size
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Fig. 6. Influence of lapping pressuere and spritiffpness on geometrical accuracy:
(a) lapping pressure, (b) spring stiffness

by authors [1]) is used. It is observed that bb#hdccuracy improvement rate and accuracy
results are the best in using lapping pressure S5MPas is due to the vibration
of themachine is very small as the lapping pressulewer. In the case of changing spring
stiffness, the best accuracy improvement rate acdracy results are found while using
spring with 33 N/mm. This is due to the effect thdtile the spring stiffness becomes
higher, the metal removing rate also increases@dapping pressure becomes higher and
hence increased in lapping volume. The resultsgimetrical accuracy become worse
using spring stiffness exceeding this value becadfidarger variation of lapping pressure
deviated from optimum value 5MPa. This large vasratoccurs even in small change
of spring length due to higher spring stiffness.

4.3. THE OPTIMUM CONDITION FOR SPINDLE SPEED AND EB SPEED

The results of the improvement of geometrical aacyrfor corresponding spindle
speed and the feed speed are shown in Fig. 7(aoamespectively. The spindle speed does
not only effect on the improvement of geometricatwaacy, it also causes the machine
vibration including resonance frequency. Therefonath the consideration for both
reducing the effects of vibration and increasing froductivity, higher spindle speed
should be selected. In the experiment, it is okeihat the spindle speed 560 thigives
maximum effective improvement of geometrical accyradere, this value of spindle speed
is only the specific characteristic of the lathedis this study. For the case of using other
machines, it is needed to take preliminary expeminer lowest vibration. Regarding to the
feed speed, although there already revealed higpeing rate and accuracy improvement
rate by arranging lapping speed and lapping doadm the research paper [1], there is no
much affect in this research due to different aacyiof the machine.
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Fig. 7 Influence of spindle speed and feed speddthprovement of geometrical accuracy:
(a) spindle speed, (b) feed speed

4.4. THE EVALUATION OF THE GEOMETRICAL IMPROVEMENT

The evaluation of the improvement of geometricatuaacy is done by taking
experiments using brass, S45C and carbide matargigy optimum lapping condition
shown in Table 4, which is obtained from the prasi®ection,. The improvement of the
geometrical accuracy is measured periodically ataduated. Fig. 8 shows the improvement
results. Even though the lapping time depends enhardness of the materials, it is
observed that all materials reached the maximuta sfamprovement during 5 min lapping
time. This is 1/8 of the time taken for grindingopess which takes 40 min for same
dimension of work piece. Cylindricality is observéie most improved. This is due to
effectiveness of optimum lapping condition and spstiffness mentioned in section 4.2.
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Geometrical accuracyun]

16

Table 4. Optimum lapping condition for improvemeheach deviation of form

Lapping condition

Material of work piece

Brass , S45C , V10

Lapping slurry See table 1
Lapping For catching diamond (spindlelcs)g/lepe?j 0
pressure For lapping 5M Pa
Lapping area (p18x20 mm
Springstiffness 33 N/mm
Lapping speed 31667 mm/min
Spindle speed 560 min
Feed speed 0.1 mm/rev

Geometrical accuracy of the lathe used

=
n

(o)

Straightness of slide guide 20um
Whirling of spindle center 20m/300mm
Parallelism between In vertical 20um/300mm
spindle centre line and surfact
movement of carriage in|  In horizontal
Z direction surface 15m/300mm
1
Cylindricality
Cylindricality .
= 12
S
(@]
g
3 Circularity
(&)
a
©
. . 8]
4 Circularity '305)
I / g
8
Straightness
0 1 2 3 4 0 il 2 3
Lapping timet min Lapping timet min
(a) Bras

(a) Geometrical accuracy
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Fig. 9. Relationshij each processing accur:

and lapping time

Regarding to the circularity and straightness, ddpg on the work piece material, the
geometrical improvement rates are different. V1Kileix the highest improvement rate.
From these results it can be seen that the imprememf geometrical accuracy is
almost straight relation with lapping time and thgrovement rate also very fast to reach
its maximum state. Therefore, this lapping methad effective for improvement

of geometrical accuracy.
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5. INVESTIGATION OF SURFACE ROUGHNESS AND DIMENSIGNL ACCURACY

The main objective of this search is to make imprognt geometrical accuracy for
lapping cylindrical shape work piece using nornmathé machine. However, in general,
there also include surface roughness and dimersagoaracy in the meaning of processing
accuracy other than geometrical accuracy. Thergfarehis research, the evaluation for
surface roughness and dimensional accuracy isedawut by measuring those results
of lapping S45C with the lapping condition showrTatble 4.

Fig. 9 shows the relationship between lapping tand geometrical accuracy, surface
roughness, dimensional accuracy respectively. Hwngtrical accuracy is improved first
and then the surface roughness is improved. Batditons are improved with straight line
curve in the initial period and then there needecthange the size of diamond. More
improvements in both geometrical accuracy and sarfeoughness are obtained using
smaller size of the diamond grains. Regarding ® phocessing accuracy (dimensional
accuracy, geometrical accuracy, surface roughndéss)meet with the designated
specifications, the following procedures are neetelle arranged. (1) The cutting depth
needed for finishing desired geometrical accurax)/raughness is calculated first based on
the results of Fig. 8 and Fig. 9 and this thicknisssonsidered to be added in the final
dimension of preceding turning process. (2) Theirddsgeometrical accuracy will be
decided by succeeding lapping process. (3) Theratesioughness will be taken with
finishing lapping. (4) The confirmation for the demsional accuracy will be taken whether
it is in the desired range.

5. CONCLUSION

The advantages of this research can be concludeti@s.
(1) The improvement of accuracy for cylindricaligyrcularity and straightness with using
developed lapping method is applicable using orgitethe machine.
(2) The optimum lapping condition for improvememhigeometrical accuracy is revealed.
(3) The surface roughness improvement and dimeakgccuracy is also improved using
this lapping method.
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