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DEVELOPMENT OF INTELLIGENT LAPPING SYSTEM

ESTIMATION OF FINISHED SURFACE ROUGHNESSAND ITSIMPROVEMENT
SPEED

The lapping process is one of the traditional fimig processes and generally it is conducted asiahgmocess
by skilled worker. The productivity of these manymbcesses is lower and difficult to control. Henee
developed an automatic lapping system for mouldsdi@s. The lapping system consists of simple lagppdols
and conventional milling machine. Several matenedse machined as mirror like surface using théesysThe
lapping conditions are usually decided by skillegrker's experience or knowhow. Therefore, in thiglg, an
intelligent lapping system with the optimum condlits calculated by the lapping model was developed.
Specifically, the relationship between the finislygrlity (surface roughne&z and improvement rate &) and
each parameter of the system, Vickers hardnesodé piece and lapping head, lapping pressure, griaim is
investigated. Then, an intelligent lapping systerdeéveloped. Finally, the HPM31 are machined afircostory
experiment by developed system with calculateditapponditions. It is concluded from the resultttia) The
relationship between the surface roughness andnigmarameter was cleared. (2) The intelligent lagsystem
using the lapping model was developed. (3) Thamedédd limit surface roughness and improvement bate
calculated condition satisfactorily agreed with #xperimental results.

1. INTRODUCTION

The abrasive machining such as lapping or polisisngpnducted for the finishing of
moulds and dies as manual process by skilled woAmdt these manual processings are one
of the factors of low productivity. Recently, thikeanate techniques for them are researched
(1), (3), (4), (6), (8). However, generally thesehniques need a special and expensive
system. Therefore, simple lapping system usingctieep lapping tool and conventional
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CNC milling machine was developed (2). The devaiblagping system needs the several
pre-experiments for deciding the optimum conditioftss study aimed the estimation of the
optimum lapping conditions without experiments. Tamtionships between the parameters
of the lapping system and the finished quality fesze roughness Rz and its improvement
rate) are researched. An intelligent lapping sysierdeveloped with these relationships.
Finally, the developed system is evaluated by conaiory experiment.

2. DEVELOPED AUTOMATIC LAPPING SYSTEM FOR MOULDS AN DIES

The schematic view of the developed lapping systemrevious study is shown in
Fig. 1. A lapping tool consists of tool head an& #pring for controlling the lapping
pressure. The tool is attached to the conventi@NC milling machine. The work piece is
lapped by the slide motion of tool head with lagppressure. Lapping is conducted in the
vessel filled with lapping slurry. The tool is magi with reciprocating motion for cleaning
and dressing. As the spring with small spring camisis used, the positioning accuracy of
the CNC milling machine makes lesser effect onsfied surface roughness. Then this
system is capable of good finishing even conveati@NC milling machine is used.

3. WORSE OF DIMENSIONAL ACCRACY AND SIZE

An example of the improvement of surface roughmegarding to the grain size using
the lapping system with each grain is shown in RigOn the lapping process, the limit
surface roughness is seemed on each grain silpging is continued after approaching
thelimit surface roughness, the dimensional acgubecome worse. This is most obvious in
lapping with large grain. Photographs of the exdagped mould for the sintered lack gear
is shown in Fig. 3. Material of work piece is censehcarbide (V20, HV=1900). The shape
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Fig.1. Schematic view of developed lapping systemFig. 2. Example of improvement curve of suefacughness
(improvemeate and limit of surface roughness)
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of the gear becomes worse due to the excess lapftegthe limit surface roughness. The
relationship between the improvement of the surfaceghness and worse of the
dimensional accuracy is shown in Fig. 4. After @t of machining, surface roughness is
improved until 20 min. After that, only dimensiorsdcuracy of the gear become worse.

Then, the dimensional accracy become easily wovea &igh stiffness material as
V20. Hence, estimation of the limit surface rougdsfez;,, and improvement of the surface
roughness is necessary to prevent the excess tappin

4. ESTIMATION OF LIMIT SURFACE ROUGHNESS BY LAPPINGHEORY

Sato et al.,(7) researched about the lapping thesigg Vickers hardness. The
theoretical limit surface roughneBg;, is followed as Eq.1. The work piece is defined as
perfectly plastic body in Eq.1. The depth of indgiwin by the grain directly affects the
surface roughness.

1

_ 1 P 2
Rz|j;m = 0.768 (1)

Where,Rz;, is limit surface roughnessaui], P is lapping force [N]g is angle of tip of the
grain [degree]HV,or« IS Vickers hardness of the work piece ahds effective number of
grain. In the case of histogram of the grain hasnabdistribution, N is calculated by Eq.2.
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Fig. 3. Photographs of lapped gear mould. The form Fig. 4. Relationship betweetheimprovement o

accuracy become worth by excess lapping. surface roughness and the dimensional
accuracy regarding to lapping time.
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Where,HV,eqaqis Vickers hardness of the lapping tool he§ds maximum size of the grain
and X is average size of the grain. The limit surfacagimess becomes possible to be
calculated with each lapping condition by measurgndata of the grain (standard division
of histogram and average size). The example of rtteasured results of diamond
grain(#120) is shown in Fig. 5. Both the grain sarel the angle of the tip have normal
distribution. And the angle of the tip does notelggon the grain size. The measured results
of several size of grain were shown in Table 1. Takeulated results using Eqg.1 and the
experimental results were shown in Fig. 6. The wated values can estimate the
experimental results well and its error is les$tB&a%.
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Fig. 5. Measurement results of variation regardingrain size and angle of tip (#120)

Table 1. Measured results of each grain size aght anf tip

Mesh of grain| Average grain | Standard division | Average angle of
sizepm um tip degree
#120 287.9 48.7 122.9
#400 48.8 8.4 118.3
#1200 15.8 2.8 116.7
#2500 11.0 2.1 114.1

H Experimental value lue

Calculated value by:=q.1

Surface roughnesz y m
= N w N (6)]

Condition No. 1] 12
Material of work piece SKD61 V10
HV of work piece 500 2200
Material of lapping head| Steel| Nylon| PP PP PP PH Stgel Nyjon PHP PP PP PP
HV of lapping head 290 14 9 9 9 9 290 14 9 9 9 9
Lapping pressure MPa| 50 50 25 25 25 25 50 50 50) 5( 5( 5
Grain size #120 | #120{ #12(4 #4000 #1200 #2500 #1p0 #120 #[L20 #400 #12000#250
SurfacgExperimental valye 4.09 3.7 33p 140 044 O0OPp1 2j04 186561 0.60| 0.21| O0.11
roughnefCalcurated value| 4.0 32% 280 137 0385 O0p2 2|50 12898 1.®.77| 0.20| 0.12
Error % 0.6 | 13.7] 17.8 2.1 24.8 2.8 18.Y 1.7 1.4 22{5 5[5 1%.1

Fig. 6. Compared result of limit surface roughnasth experimental value and calculated value with
each lapping conditions
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5. ESTIMATION OF IMPROVEMNET CURVE OF SURFACE ROUGHESS

The improvement rate of surface roughness is easlgulated theoretically if
principle of the lapping is only the cutting by tgein. However, it is not only the cutting
but also plastic deformation, wearing and chemicaaction. Xiaobin (9) et al.,
experimentally researched about the relationshiprden the removal volume of the work
piece and the lapping time. And it was cleared thatremoval volume of the lapping is not
constant and reducing with lapping time. Then, gahe the relationship between the
surface roughness and the machining time expretfider lag curve. The improvement of
the surface roughness is followed as Eq.3 usingémeral formula of first order lag.

t

Rz = Raini ~ (Reini ~ Rejim)(1-€ T) 3)

Where,Rz is surface roughness of the work pieRg,; is the initial surface roughness
before lappingRz;., is the limit surface roughnessjs machining time and is the time
constant of response curve. The initial surfacghoess is cleared by the measurement and
the limit surface roughnesfz,, can be calculated by Eq.1 and Eg.2. Therefore,
improvement rate of surface roughness is expregsestimation of the time constant is
possible. The time constant is directly proporticdwawork area and inversely proportional
to feed pitch and lapping speed. Moreover, proogssme till reach to the limit surface
roughness is increased when the initial surfacghoassRz,; is higher or the limit surface
roughnessRz;,, is lower. Then, the time constamtis considered as a function of these
parameters and its relation is investigated by exnt. The experimental conditions are
decided afz;,, became 0.15, 0.3 and Qu&. The relationship between the time consitant
and the initial surface roughneBg,; regarding to limit surface roughness is cleared an
shown in Fig. 7. It is seemed the relationship leevthe initial surface roughneRg,
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Fig. 7. Relationship between time consfér@nd initial surface roughneBg;, regarding td=z,
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and the time constarit takes the exponent function. The time consfamecomes large

when the limit surface roughneBg;,, becomes small, and is expressed as EQ.4 using the
lapping parameters.

ARz

T=C— 4
pVRZ I?m ( )

Where A is work area [mr], p is pitch [mm],v is lapping speed [mm/min], and C, m,
n are constant value. In the Eq.4, although otheapeters (lapping pressure, grain size and
S0 on) are not regarded, these are already coediderthe estimation of the limit surface
roughnessRz;,,. Hence, Eq.4 can be considered as the model iiagatd all lapping
parameters. Next, regression analysis method id teseesults in Fig. 7 for deciding the
constant value in Eq.4. Then, experimental modebtained as Eq.5.

199
T=0343 2% (5)

pVRZ|-2'87

m

The process time for limit surface roughness isilamto triplication of the time
constantT. Although the Eq.5 is the experimental model, éisémation accuracy is good
and its error were less than around 20%. Several of the compasedts for the calculated
time constant and experimental one is shown in&ig.

6.0 - B Experimental value

H Experimental value
4.0 -

T | ]| T

Condition No 1 2 3 4 5 6 7 8 9 [10f 21 12| 13| 14| 15| 16
Rz um 2 2 12.211 0.8] 0.8]10.65[0.25]0.22] 2 2 12110.84)0.63[0.2€] 0.2€]| 0.27
Rz, from Ec.1 um 0.8] 0.8 [0.76] 0.25]/ 0.251 0.25]1 0.1/ 0.12] 0.84/ 0.84] 0.7 ] 0.2€/0.22] 0.1%/0.14[ 0.11
Material of work piec | 2.0 2.0 G5 20 2.0 SKD61
Grain siz 40C 120C 250( 40C 120C 250(
Lapping pressure MI| 5 25 | 50 5 25 | 50 5 25 5 25 | 5C 5 50 5 25 | 5C
Lapping speed mm/m|[300G#200C| 300(| 300¢ 200(| 300(| 3®0C(| 200(| 300G#200¢| 300(| 380(]| 300(¢| 300& 300(| 300C
Pitch mn 01101102101/ 01[{0.2]01]01]0110.1[02101[02]1041]0.1/[0.2
Lapping area mf 100] 100] 100 100 2100 100 100 100 1pO 100 100 [0OO (100 [100 | 100 | 100
Time [Experimental valu|0.77|1.35[0.653.4C[4.5€]1.021.8C[3.1€]0.7C[1.35]0.7C |3.64[2.15]3.7C[1.7C[1.51
constar|Calculated val. | 0.8€ [1.2€]0.57[3.925.8€ [1.30[2.14]4.04[0.7511.12|0.7C [2.97]1.7€ [3.01]2.1Z | 1.5¢
Error % 10.61 4.4 111.0113.2] 22.4 20.16.0121.116.5 {20.1]1 0.5 [ 22.7]22.2{22.9] 20.00 4.9

Calculated value by Eq.5

Time constant T

Fig. 8. Compared result of time constT both the experimental value acalculate value with
each lapping conditions
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6. EVALUATION OF THE LAPPING MODEL BY CONFIRMATORYEXPERIMENT

In this chapter, obtained lapping model and dewedomtelligent lapping system is
evaluated by experiment. HPM31(HV4M®y,=2.0 um) is used as material of work piece.
The mirror-like finishing is conducted using th@pang system. The lapping conditions and
estimated results from the condition are followedTable 2. The conditions are decided
from the relationship of Eq.1 and EqQ.5. The workaars square surface and its area is

100mnf. The PP ball ¢ 9.6 mm) is used as lapping head. The relationsbipéden the

machining time and the surface roughness is shovkig. 9. The calculated improvement
curve is drawn by the solid line until the estintateplacement timing in Table 2.

Table 2. Lapping conditions and calculated valeesbnfirmatory experiment of estimation methodraf,, andT

Material of work piece HPM31HV=400)
Surface roughness before lappiRg, pm 2.0 (EDM finished)
Lapping head Polypropylei{=9.0)
Lapping pressure MPa 30
Pitch mm 0.1
Lapping speed mm/min 3000
Grain size #400 #1200 #2500
Effective number of grain estimats, 28 223 816
Limit surface roughness estimaRg;,, ym 0.73 0.25 0.13
Time constant estimafe 0.89 2.62 4.67
Replacement timing of the grain
min (=Tx3.0) 2.67 7.86 14.01
2.5

O i #400 experimental
A & #1200 experimental

E 20 ® : #2500 experimental
= #400 calculated values
@ == #1200 calculated values
g 15 — - #2500 calculated values
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Fig. 9. Result of calculateflandRz;,, compared with experimental result
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The dotted lines show the calculated surface roaghafter the timing, and finally the
surface roughness approaches the limit surfacehrassRz;,. The measured data by
experiments were plotted as points. The confirmitaga by experiment for estimation
of Rz, were also plotted in Fig. 9. The calculated vasueapable of the experimental data,
and its estimation error was lower than 15%. Thbe, work piece is finally finished to
mirror-like surface with 0.12mRz. The calculated time constant also has goocha&tsbn
accuracy and its error is less than 20%.

7. CONCLUSIONS

It is concluded from the result that: (1) The depeld lapping system and proposed
lapping model is effective to estimate the improeetof surface roughness. (2) The worse
of geometrical accuracy by excess lapping is pregeasing the intelligent lapping system.
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