Journal of Machine Engineering, Vol. 12, No. 1, 2012

lapping, die, cemented carbide
mirror-like surface, finishing

Ye Htut SOE

lkuo TANABE?
Tetsuro IYAMA?
Shinji NISHIYAMA 2

DEVELOPMENT OF LAPPING TOOLSFOR MIRROR-LIKE SURFACE
PROCESSING OF CEMENTED CARBIDE DIE

Recently, cemented carbide dies are used for mahystrial products, due to their high stiffness & life.
Electric discharge machining is conventionally used then, hand lapping is finally undergoes foronilike
finishing of these products. In privious resear@tsimple lapping system for only plane surfaceseshented
carbide die was developed. In this study, seveppihg tools for lapping of side, edge and cornerew
developed and evaluated by experiments. The sysbesists of a lapping tool, lapping vessel and eatienal
NC milling machine. The lapping vessel is placedtimntable of the NC machine and the lapping teditied
with the spindle of the NC machine. Cemented carbibrk piece is sunk and fitted in the lapping sliand
lapping processing is taken using the developets.t&@ach lapping tool consists of a coil spring $applying
lapping pressure and the NC program was made pessimove the lapping head to contact and leagenbrk
surface regularly for catching new grains and dngss hese lapping tools were finaly evaluated kyegiments.
It is concluded from the results that the develolagxbing tools were capable of lapping side, edugk @rner
of the cemennted carbide work pieces for mirroe-irface finishing.

1. INTRODUCTION

Recently, cemented carbide materials are widelyd Use mould and die making
processing. Generally, for making mold with carbieéectrical discharge machining or
grinding is undergoes first and then hand lappstaken for final finishing. For relieve the
trouble of hand lapping there also invented sonwhrtelogies such as, power mixed
electrical discharge machining [1] and electronnbeaachining [2]. However, in making
mold for high quality products, the mirror like ndokurface is needed and it is still
unavoidable to take hand lapping. Although moghefother metal processing can be done
using CNC control machines, hand lapping can oelgdne by skillful workers taking very
long time. This will effect on the productivity agell as product quality depending on the
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skill of workers. Therefore, the demands on appbcaof auto lapping technology in the
production also become increase in the industry{{3]

The authors have already invented the auto lapmogin previous research. This
lapping is capable of lapping flat surfaces anddtenly curved surfaces. Moreover, the
optimum lapping condition is also investigated fooduct quality. However, it is still
difficult to take lapping for side surfaces, edgesl corners using this tool.

Therefore, in this research, the new lapping tdoisside surface, edge and corner
parts are developed and evaluated by experiments.

2. DEVELOPMENT OF LAPPING TOOL FOR SIDE, EDGE ANBDORNER

2.1. THE PREVIOUS LAPPING TOOL FOR FLAT SURFACE

The schematic of the previously developed lappod A is shown in Fig. 1(a). The
lapping tool is composed of round polypropylene PBf@ping head, spring for supplying
lapping pressure and shaft for mounting in colleiak. The design and structure of lapping
tool is economy and these parts can be purchasely.ebhe purpose for choosing round
lapping head is to make contact area as small sslppe and the lapping position will also
be controlled by NC controller so that to appliealdlso in curve surfaces lapping.
Moreover, the purpose of choosing PEO as lappiragd heaterial is due to its property
of catching and maintaining diamond grains from ldqping slurry during processing and
thus, obtained relative movement between diamoradngrand the work surface. The
contact area between work surface and lapping tseealculated by using Hertz’s contact
theory. The lapping tool is made to be able to geagasily the various size of lapping head.
The soft and long spring for supplying lapping pres is selected with stiffness 2.7 N/mm
and 78 mm long. This will reduce the effect of piosing accuracy error of the NC

machine and the tool setting error.
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Fig. 1. Schematic view of old lapping tool and laqgpsystem:
(a) lapping tool A, (b) schematic view of new lapgpisystem
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Fig. 1(b) shows the schematic of the lapping tootl dhe lapping system. The
developed lapping tool A is fitted on the NC migjimachine and the work piece is fixed on
the vice inside the lapping vessel. Then, the whabek piece is sank inside the lapping
slurry and lapping process is undergoes using N@rab During lapping, lapping head is
controlled to move up and down so that to makeamphent of new diamonds grains
(cutting edges) and old diamond grains automayicall

2.2. THE NEWLY DEVELOPED LAPPING TOOLS

Fig. 2 shows the schematic of the developed lapmots by modifying the structure
of lapping tool A to obtain three dimensional lappiprocessing. The developed lapping
tools are capable of various surfaces dependinfp@machine being used, the vertical and
horizontal working axis of the spindles, table mmesat and the shape of the lapping head.
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Fig. 2. Lapping tools for lapping side, edge anthea
a) lapping tool B for lapping of a side surfacelapping tool C for lapping of corner and edgelapping tool
D for lapping of corner and edge, d) lapping todbElapping of curved surface
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Fig. 2(a) shows the side surface lapping tool BsTbol is just modified the vertical
lapping tool A to the horizontal position and pbetlapping head on a shaft for lapping
deep concave side surfaces. The linear ball beamugythe linear guide will prevent the
disturbance of moment due to the reaction forcenguapping by allowing only on X
direction movement. It can be adjust the lappingspure along X direction and the feed
movement for Y and Z axis directions.

The lapping tool C is designed for the applicatidiapping edges and corners. This

tool is constructed by adding similar unit on thpging tool B with altering é’OangIe as
shown in Fig. 2(b). This tool can be applied fgpdang of XY plane with desired inclination
by applying the suitable lapping pressure on X ¥rakis directions. At that time, the feed
is given along Z direction. Similarly, the lappitapl D in Fig. 2(c) is capable of X and Z
direction lapping on the XZ plane and at that tithe, feed direction will be along Y axis.

Fig. 2(d) shows the lapping tool E for processindifdensional curve surfaces. The
tool is composed by adding the lapping tool C vdibping tool A in the place of shaft and
then the lapping pressure is supply to all direct, Y and Z axis. In the lapping
processing, the feed direction is controlled byhgsnulti axes processing machines and the
lapping pressure is controlled for each directi@npendicular to the working surfaces so
that to obtain uniform pressure through all X, YAZ B, C axes.

These lapping tools are applicable with using N@gpam by adjusting offset distance
on the CAD data or NC data without any difficultiaed effectively. Although there is
possibility for applying lapping tool A with 5 axiprocessing machine to obtain same
lapping surface as B, C, D and E. However, in tegearch, the conventional machine with
3 axis controlling system is objected to be appiisdommon and basic application.

Now, we will consider the applicability of each papg tool with corresponding shape
of work piece. The various types of the surfacetha product are listed in to convex,
concave, bottom, side, edge, corner, flat, cyliratet rounded shapes as shown in Fig. 3.
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Fig. 3. Forms of lapping surface on three partsfanus of three lapping heads:
a) convex type by plane, b) convex type by curvaetbse, c) concave type by plan, d) concave type by
curved surface, e) three lapping heads
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Moreover, the possible lapping surface shapes suifable lapping tool are also listed
in table 1. The number listed in the table 1 regmésd the corresponding lapping place in
Fig. 3. The possibility of the lapping process eteidmined by two facts (1) the selected
lapping tool must be possible to apply lapping pues perpendicular to the lapping surface,
(2) possible to maintain uniform lapping pressureler moving with a feed rate during
lapping process. In this research, apart from rahape lapping head, the cubic shape and
L shape are also considered. Even there may caordidarious shapes of lapping tool head
for more complicated work surfaces, only 3 kinds lapping head is selected for
experiments. Moreover, the there may have variegplition relating to lapping tool shape
depending on the specification of the machine besed. For that reason, this research is
objected to use the conventional vertical machimmegter with 3 axis of X, Y, Z and only
the case for lapping the complicated surface waibping tool E is using multiple axes
machine as an exception. The possibility of theilag for each surface with corresponding
lapping tools is confirmed by experiments. From élperiment results, it can be evaluated
that the developed lapping tool A, B, C, D and E applicable for the corresponding
lapping process.

Table 1 Relationship between lapping tools andifappurface on the three parts

Shape No. Lapping tool used ( Fig.1 & Fig.2)
(Fig-3) A B C D E

Plane 1 O(1,1)

Surface

Shape
type

. 1.2
Edge (Side surface glane’ (145)

O(I,I) O(1m)

Corner (Edge & Plane

3
or Side surfacg)1+4 O(I,I)

O(I,I)

O(Im)

Convex type

Edge (Both Side¢ surfaces (5+5) O(Im)

Side surface 5

O(I,I)

Plane

Bottom 1
Edge( Side surface &

O(1,I)

Bottom)

6
(1+5)

O(In)

O(I)

Corner (Edge & Bottom
or Side surface

11+8)

O(In)

O(II)

Concave type

Edge(Both Side surfaces)

(5+5)

O(I)

O(In)

Side surface

O(In)

Edge(Side surface Rlane

O(I)

Corner( Edge & Plane
or Side surfaceg

) 10

O(I)

Edge(Both Side surfaces)

11

O(I)

Edge( Side surface &
Bottom)

12

O(I)

Corner(Edge & bottom
or Side surfacq

)13

O(1)

Curved surface
Concave typg Convex type

Edge (Both Side surfaces)

14

O(1)

() ---No. of lapping head used from Fig. 3 (&); - -Ball, I - - - Cubic,IIl- - -L-shape




Development of Lapping Tools for Mirror-Like Surla@rocessing of Cemented Carbide Die 71

2.3. LAPPING SLURRY FOR STABILITY OF LAPPING CONDIDN

When the diamond grains purchased from the maskased in lapping slurry, there
occurs non uniform distribution of diamond graimcentration due to gravity and it will
become difficult to get the stable lapping conditfor finishing surface. Especially, as the
objective of this research is for lapping of sideface and complicated surfaces, it is
important to make uniform surface roughness, bnigés and mirror like property for every
work surface. Thus, the lapping slurry which issalty revealed by the researchers [5] is
used in this research.

Table 2 shows the specifications of the lappingrgland Fig. 4 shows the dropping
rate for each kind of lapping slurry. Here, the Pp€dcentage is made to be increased for
improvement of lapping rate and keep the precipmabf diamond grains (#400~500,
#1200, #2500) underu®/min. The maximum PEO percentage is revealed binpnary
experiments and determined. The optimum conditidnlapping slurry used in the
experiment is 2wt% of PEO mixed with water and thewt% of diamond grain. This
optimum condition was chosen to use in the experime
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Fig. 4 Result of relationship between drop speetREO density

Table 2 Specifications regarding the lapping slurry

Slurry viscosity PEO:1wt% 8 Pa.s
PEO: 2 wt% 5
PEO: 3wit% 18
Size of grain #400~500
#1200 #250(
Density of grain in slurry 0.1,05,1,2,8
b locity of arai #400 0.3um/s
rop velocity of grain
(PEO:2wt%) #1200 013
#2500 0.09
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3. THE EVALUATION OF THE LAPPING PROPERTY OF THE MELOPED
LAPPING TOOLS

3.1. THE SPECIFICATION OF THE LAPPING PROCESSINGSNMEM

Table 3 shows the specification of the lapping pssing system. The specifications
included NC milling machine, lapping tool, lappisigrry, work piece and lapping condition.
An ordinary NC milling machine with positioning asacy 5~7um is used in experiment.

Table 3 Specification regarding the lapping maatgni

Specification of NC milling machine

Table working surface mm 610x381
Table loading weight kg 250
Table movement stroke X-axis mm 510

1" Y-axis mm 381

1" Z-axis mm 460
Distance from the table top face to the surfacthef 100~560
spindle nose mm
Spindle speed mirt 130~5000
Feed speed mm/min 0~5000
Power of motor for spindle kw 5
Machine weight kg 2600

Specification of lapping tool
Diameter of ball mm 9.5
Material of Lapping head - PP
Length of spring mm 78
Strength of spring N/mm 2.726
Specification of lapping compound ( Slurry)
Material of grain - Diamond
Size of grain # | 400~500, 1200, 2500
Ratio of PEO ( for water) wit% 2
Rate of grain ( slurry : diamond ) 50:1
Specification of work piece
Material of work piece Cemented carbide (V10)
Surface roughness Rz um 2 (By grinding)
Lapping condition

Spindle speed mirt 0, [200]
Feed speed mm/min 3000
Lapping pressure MPa 60, [0.25]
Area of lapping mm 100, [375]

X[ ]---atlapping of the work piece with ball shape
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In the experiment, each lapping tool A, B, C, D &ted on the spindle without
revolving and only controlling feed with applyingegsure on X, Y, Z directions. For the
case of lapping tool E, the lapping pressureapglied on the X, Y, Z axes and the feed is
controlled with C axis (i.e. spindle revolution)hd diamond grains used in lapping slurry
are #400~500, #1200, #2500 of three kinds and watdhe order of rough to fine grain so
that to obtain the mirror like surface with surfaceighness (maximum height Rz) less
than0.lum. This lapping slurry is already revealed by ththars previously mentioned. The
carbide V10 work piece is used and the initial @cefis processed by using electrodeposited
diamond tool to get the initial roughness Rz 2n0. For the case of lapping tool E, it is too
difficult to make processing. Therefore, S45C matdas used and the lapping process is
taken with the condition shown in [ ]. The mainnsjte is made to be moving up and down
periodically for replacing of diamond grains (cogfi edges) at contact area. Here, the
lapping pressure exerting on the lapping headnsrotbed so that to create the same lapping
pressure whatever the shape of lapping head igdrawbic or L shaped. Thus the lapping
condition can be controlled as same condition ircases. The factors influencing on the
surface roughness and the lapping rate can bedmed as the size of diamond grains,
lapping pressure, lapping head material and feéel ta the experiment, the optimum
lapping condition obtained from the preliminary ekments shown in table 3 is used.

3.2. EVALUATION OF THE LAPPING TOOLS

The evaluation for each lapping tools with corregpog surfaces, lapping tool A for
bottom surface, B for vertical side surface, C ¥ertical cylindrical surface, D for the
corner R connecting bottom surface and the sidésualace, E for the rounded surface are
done by experiments using the lapping conditiomshm table 3.
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Fig. 5. Surface roughness of side surface, edgeamer using each lapping tool
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Fig. 5 shows the improvement of surface roughnesseach lapping tool during
experiment and fig. 6 shows the photograph of eacfaces. The results for every kind of
tool achieved the mirror like surface with roughsé&z less than OQuin. The developed
lapping tools are applicable for lapping of botteuarface, side surface, edge, corner, as well
as complicated surfaces with using uniform lapgingssure during whole processing.
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Fig. 6. Photograph of several lapping surfacestafg)ing tool A & B, b) lapping tool C,
¢) lapping tool D, d) lapping tool E

4. CONCLUSION

(1) The developed lapping heads and lapping toscapable of lapping various kinds
of work surfaces such as bottom, edge, corner amgplicated curve surfaces.

(2) Mirror like surface lapping processing with famm surface roughness is obtained by
using the proposed lapping tools and proposed optitapping conditions.
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